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PREFACE 

TO 

THE  FIFTH  EDITION. 


In  pTepariDg  a  fifth  editioD  of  these  Elements,  I  hare  not  lost  sight 
of  the  plan  on  which  the  Work  was  originally  framed.  Its  object  is 
still,  without  entering  minately  into  the  details  of  processes  and  experi- 
ments, to  present  a  concise  and  connected  view  of  the  facts  and  theo- 
ries of  Chemistry.  It  has  been  found  impossible,  so  numerous  are  the 
enltiTators  of  this  science,  and  so  rapid  its  progress,  to  avoid  numerous 
changes  and  additions.  These  have  necessarily  been  interwoven  with 
the  texture  of  the  volume,  and  it  would  be  useless,  were  it  practicable, 
to  enter  into  an  exact  enumeration  of  them ;  but  it  may  be  convenient 
to  some  readers  that  the  more  important  variations  from  former  editions 
shoold  be  specified. 

In  the  first  section  there  are  but  few  changes,  and  those  relate 
chiefly  to  Radiant  Heat.  In  that  on  Light,  a  summary  of  the  laws  of 
reflection  and  refraction,  agreeably  to  the  wishes  of  some  of  my  pupils, 
has  been  supplied.  The  article  on  Electricity  has  been  almost  en- 
tirely recomposed  ;  and,  owing  to  the  kindness  of  Mr.  Snow  Harris,  £ 
have  been  enabled  to  embody  many  results  of  his  late  researches, 
prior  to  their  appearance  in  a  printed  form  before  the  public.  I  have 
to  acknowledge  a  similar  kindness  in  Mr.  Faraday,  whose  discoveries 
in  Galvanism  have  compelled  me  to  remodel  the  whole  of  the  fourth 
section.  To  procure  all  the  fhcts  required  for  that  purpose,  I  have 
been  obliged  to  delay  writing  the  section  on  Oaivanism  until  the  other 
parts  of  the  volume  were  completed.  This  will  aocouut  for  the  labours 
of  Mr.  Faraday  not  being  referred  to  in  other  portions  of  the  volume, 
which,  though  placed  after  the  fourth  section,  were,  in  fact,  printed 
some  weeks  earlier. 

A  few  changes  have  been  made  in  the  section  on  the  Laws  of  Coqh 
bioation,  where  will  also  be  iomid  a  description  of  the  mode  of  em- 
ploying symbols  in  Chemistry.  I  ventured  in  the  last  edition  to  in- 
troduce chemical  symbols  as  an  organ  of  instruction,  and  subsequent 
experience  has  afforded  such  convincing  evidence  of  their  value  in 
this  point  of  view,  that  I^  cannot'  too  earnestly  urge  the  chemical  stu- 
dent to  employ  them  at  an  eariy  period  of  his  studies.    The  preeeni 
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suite  of  ChemiiBtry  rend^sn  the  qm  of  abbroTiated  or  BjrmboHc  laa- 
gunge  almost  ana  voidable ;  and  the  question  now  is,  not  so  mnch 
whetlier  they  shall  be  osedi  as  whether  they  shall  be  generally  aoder- 
stood.  To  ensure  this,  it  is  essential  that  a  unifbrm  system  be 
adopted ;  and  I  have  hence  felt  the  neoessity  of  strictly  conforming' 
to  the  method  intnxiuced  by  Beraelius  and  adopted  on  the  Continent. 
The  tables  which  have  been  given  in  the  sections  of  the  second  and 
third  parts,  with  the  primary  view  of  showing  analogies  of  chemical 
constitution,  will  serve  the  useful  secondary  purpose  of  supplying  a 
guide  to  the  employment  of  symbols.  By  reference  to  them,  the  stu- 
dent will  see  the  meaning  of  any  symbols  he  may  meet  with  in  the  text 
The  large  number  of  compounds  which  have  gradually  accumulated, 
possessing  the  aspect  and  general  characters  of.  aaltS)  and  yet  not 
composed  of  acids  and*  alkalies  in  the  general  acceptation  of  these 
terms,  have  been  arranged  as  separate  orders  of  a  large  class  of  saline 
substances,  which  are  inseparably  allied  by  analogy  of  composition. 
But  in  associating  substances  naturally  connected,  I  have  abstained 
from  violating  any  established  usages  in  terminology.  Changes  in  che- 
mical nomenclature  should  be  attempted  rather  by  a  community  of 
chemists  than  by  an  Individual ;  and  if  the  labours  of  the  Committee 
which  the  British  Association  has  appointed  for  promoting  uniformity 
in  the  use  of  symbols,  shall  be  attended  with  that  success  which  its 
proposer  anticipates,  a  like  task  in  reference  to  chemical  nomencla. 
ture  may  well  be  imposed  on.  the  same  Committee.  For  the  greater 
part  of  our  knowledge  of  the  compounds  here  referred  to,  we  are  in- 
debted to  Beneiius,  and  the  principal  facts  concerning  them  are  drawn 
from  his  writings. 

Owing  to  the  activity  displayed  in  organic  analysis  by  several  Con- 
tinental chemists,  especially  by  Liebig  and  Dumas,  the  necessary 
additions  and  changes  in  the  Third  Part  have  been  very  considerable. 
1  am  conscious  that  the  arrangement  of  organic  substances  stands  in 
need  of  revision ;  but  it  is  easy  to  trace  defects  in  any  given  arrange- 
ment on  such  a  subject,  and  very  difficult  to  fix  on  one  which  shall 
not  be  liable  to  equal  objection.  Considering  facility  of  consultation 
of  far  more  importance  to  the.  reader  than  critical  propriety  of  classi- 
fication, I  have  thought  it  right  for  the  present  to  describe  organic 
compounds  nearly  in  the  same  order  as  in  former  editions. 

In  the  Appendix  will  be  found  an  interesting  communication,  kindly 
sent  me  by  Mr..  Graham,  on  the  nature  of  certain  hydrated  salts  and 
peroxides,  and  on  phosphuretted  hydrogen.  It  likewise  contains  other 
notices  which  either  reached  me  too  late  for  insertion  in  the  body 
of  the  work,  or  were  accidentally  omitted. 

I  have  again  to  express  my  thanks  to  Dr.  Franklin  Bache,  Editor 
of  the  American  edition,  for  several  valuable  suggestions. 
London,  Nov.  1,  IBZi* 


ADVERTISEMENT 
THE  AMERICAN  EDFTOR, 


In  Baperintendhiff  a  new  impiessioa  of  Dr.  Tomer's  Elements  fhmi 
the  fifth  London  edition^  the  American  Editor  has  reetrieted  himsi^lf, 
as  on  former  occasions,  to  the  doty  of  revising  the  text  and  supplying 
a  few  notes.  His  task,  howerer,  has  been  maeh  increased,  in  conse- 
qoence  of  the  large  nomber  and  pecoliar  natore  of  the  additions  made 
by  the  author.  In  these,  numeroos  errors  hare  been  detected,  espe* 
eially  in  the  Chemical  tables,  the  inaceoracy  of  which  has  probably 
arisen  from  the  diffieolty  of  printing  oorrectly  a  series  of  numbers  from 
manascript.  From  the  pains  which  have  been  taken  in  reyisiog  the 
press,  it  is  believed  that  the  American  edition  will  be  found  much 
more  correct  than  the  London  work ;  while  its  convenient  size  will 
enable  it  to  maintain  its  place,  as  the  most  popular  mannal  of  Chemis- 
try  that  has  yet  been  published  in  this  country. 

Pbiladblphia,  Oct  1835* 
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INTRODUCTION. 


Material,  substances  are  endowed  with  two  kinds  of  properties,  pbysicai 
and  chemical ;  and  the  study  of  the  phenomena  occasioned  by  them  has  given 
rise  to  two  corresponding  branches  of  knowledge,  Natural  Philosophy  and 
Ckaniflry. 

The  physical  properties  are  either  general  or  secondary.  The-  general 
are  so  called  because  they  are  common  to  all  bodies ;  the  secondary,  from 
bein|r  obeerrable  in  some  substances  only.  Among  the  general  may  be  enu- 
merated extension,  impenetrability,  mobility,  extreme  divisibility,  gravitation, 
porosity,  and  indestructibility. 

Exiension  is  the  property  of  occupying  a  certain  portion  of  space:  a  sub- 
stance is  said  to  be  extended  when  it  possesses  length,  breadth,  and  thick- 
ness. By  imptnetrability  is  meant  that  no  two  portions  of  matter  can  occu- 
py the  same  space  at  the  same  moment.  Everything  that  possesses  extcn- 
•lOD  and  impenetrability  is  matter. 

Matter,  though  susceptible  of  rest  and  motion,  has  no  inherent  power 
cither  of  beginning  to  move  wlien  at  rest,  or  of  arresting  its  progress  when 
in  motion.  Its  indifference  to  either  state  has  been  expressed  by  the  term 
vis  inertue^  as  if  it  depended  on  some  peculiar  force  resident  in  matter ;  but 
it  arises,  rather,  from  matter  being  absolutely  passive,  and  thereby  subject  to 
the  influence  of  every  force  which  is  capable  of  acting  upon  it 

Matter  is  divisible  to  an  extreme  degree  of  minuteness.  A  grain  of  gold  may 
be  BO  extended  by  hammering  that  it  will  cover  50  square  inches  of  surface, 
and  contain  two  millions  of  visible  points ;  and  the  gold  which  covers  the 
silver  wire,  used  in  making  gold  lace,  is  spread  over  a  surface  twelve  times  as 
great.  (Nicholson's  IntrcSuction  to  Natural  Philosophy,  vol.  i.)  A  grain 
of  iron,  dissolved  in  nitro-muriatic  acid,  and  mixed  with  3137  pints  of  water, 
will  bo  diffused  through  the  whole  mass :  by  means  of  the  ferro-cyanuret  of 
potassium,  which  strikes  a  uniform  blue  tint,  some  portion  of  iron  may  be 
detected  in  every  part  of  tb^  liquid.  This  experiment  proves  the  grain  of 
iron  to  have  been  divided  into  rather  more  than  24  millions  of  parts ;  and  if 
the  same  quantity  of  iron  were  still  further  diluted,  its  diffusion  through  the 
whole  liquid  might  be  proved  by  concentrating  any  portion  of  it  by  evapora- 
tion, and  detecting  the  metal  by  its  appropriate  tests. 

A  keen  controversy  existed  at  one  time  concerning  the  divisibility  of 
matter ;  some  philosophers  affirming  it  to  be  infinitely  divisible,  while  others 
maintained  an  opposite  opinion.  Owing  to  the  imperfection  of  our  senses 
the  question  cannot  be  determined  by  direct  experiment;  because  matter  cer- 
tainly continues  to  be  divisible  long  after  it  has  ceased  to  be  an  object  of 
sense.  The  decision,  if  efl^cted  at  all,  can  only  be  accomplished  indirectly, 
as  an  inference  from  other  phenomena.  -  In  favour  of  the  former  view  it  was 
urged,  on  mathematical  grounds,  that  a  surface  admits  of  division  without 
limit ;  and  that  to  whatever  degree  matter  is  divided,  it  may  still  be  con- 
ceiyed,  in  possessing  extension  and  surface,  to  be  susceptible  of  still  further 
division.  Plausible,  however,  as  this  mode  of  reasoning  may  appear,  the 
o|^>osite  opinion  is  daily  becoming  more  general.  It  is  now  commonly  be- 
lieved that  matter  consists  of  ultimate  particles  or  molecules,  which  may  in- 
deed be  conceived  to  be  divisible,  but  which  by  hypothesis  are  assumed  to 
be  infinitely  hard  and  impenetrable,  and  on  that  account  to  be  incapable  of 
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division.  These  ultimate  particles  have  reoeiTed  the  appellation  of  olenu, 
(from  the  privative  «  and  r*,uuif  to  out,)  as  expressive  of  their  nature.  The 
arguments  adduced  in  support  of  this  opinion  are  priocipallj  drawn  from 
the  phenomena  of  chemistry,  and  from  the  relations  which  have  been  ob- 
served to  exist  between  the  composition  and  form  of  crystallized  bodies. 
These  subjects  will  be  considered  m  their  proper  place ;  but  I  may  observe, 
in  order  to  show  the  nature  of  the  ar^ment,  that  the  supposed  existenco  of 
atoms  accounts  for  numerous  facts,  which  cannot  be  satis&ctorily  explained 
on  any  other  principle. 

All  bodies  descend  in  straight  lines  towards  the  centre  of  the  earth,  when 
lefl  at  liberty  at  a  distance  from  its  surfiicc.  The  power  wiiich  produces 
this  effect  is  termed  gravity^  attraction  of  gravitation^  or  terrestrial  attrae- 
tion  ;  and  the  force  required  to  separate  a  body  from  the  surface  of  the  earth, 
or  prevent  it  from  descending  towards  it,  is  called  its  weight.  Every  particle 
of  matter  is  equally  affected  by  gravity  ;  and,  therefore,  the  weight  of  any 
body  will  be  proportionate  to  the  number  of  ponderable  particles  which  it 
contains. 

The  minute  particles  of  which  bodies  consist,  are  disposed  in  such  a  man- 
ner as  to  leave  certain  intervals  or  spact»  between  them,  and  this  arrange- 
ment is  called  porosity.  These  interstices  may  sometimes  be  seen  by  the 
naked  e^e,  and  frequently  by  the  aid  of  glasses ;  but  were  they  wholly  in- 
visible. It  would  still  be  certain  that  they  exist.  All  substances,  even  the 
most  compfict,  may  be  diminished  in  bulk  cither  by  mechanical  force  or  a 
reduction  of  temperature.  It  hence  follows  that  their  particles  mnst  touch 
each  other  at  a  very  few  points  only,  if  at  all ;  for  if  their  contact  were  so 
perfect  as  to  leave  no  interstitial  spaces,  then  would  it  be  impossible  to 
diminish  the  dimensions  of  a  body,  because  matter  is  incompressible  and 
cannot  yield.  When,  therefore,  a  body  expands,  the  distance  between  its  par- 
ticles is  increased  ;  and,  conversely,  when  it  contracts  or  diminishes  in  sixe, 
its  particles  approach  each  other. 

By  inde^rudibiliiy  is  meant,  that,  according  to  the  present  laws  of  na- 
ture, matter  never  ceases  to  exist.  This  statement  seems  at  first  view  con- 
trary to  fact  Water  and  volatile  substances  are  dissipated  by  heat,  and  lost ; 
coals  and  wood  are  consumed  in  the  fire,  and  disappear.  But  in  these  and 
all  similar  phenomena  not  a  particle  of  matter  is  annihilated.  The  apparent 
destruction  is  owinf  merely  to  a  change  of  form  or  composition ;  for  the 
same  material  particles,  after  having  undergone  any  number  of  such  changes, 
may  still  be  proved  to  possess  the  characteristic  properties  of  matter. 

The  steondarv  properties  of  matter  are  opacity,  transparency,  softness, 
hardness,  elasticity,  colour,  density,  solidity,  fltiidity,  and  others  of  a  like 
nature.  Several  of  these  properties,  especially  those  last  specified,  depend  on 
the  relative  intensity  of  two  opposite  forces— cohesion  and  repulsion.  It  is 
inferred,  from  the  divisibility  of  matter,  that  the  substance  of  solids  and 
liquids  is  made  up  of  an  infinity  of  minute  particles  adhering  together  so  as 
to  constitute  larger  masses ;  and  that  the  mutual  adhesion  of  these  particles 
is  owing  to  a  power  of  reciprocal  attraction.  This  force  is  called  coAesion, 
cohesite  attraction^  or  the  attraction  of  aggregation^  in  order  to  distinguish  it 
from  terrestrial  attraction.  Gravity  is  exerted  between  different  masses  of  mat- 
ter, and  acts  at  sensible  and  frequently  at  very  ^reat  distances ;  while  cohesion 
exerts  its  influence  only  at  insensible  and  infinitely  small  distances.  It  enables 
similar  molecules  to  cohere,  and  tends  to  keep  them  in  that  condition.  It  is 
best  exemplified  by  the  force  required  to  separate  a  hard  body,  such  as  iron  or 
marble,  into  smaller  fragments ;  or  by  the  weight  which  twine  or  metallic 
wire  will  support  without  breaking. 

The  tendency  of  cohesion  is  manifestly  to  bring  the  ultimate  particles  of 
bodies  into  immediate  contact ;  and  such  would  be  the  result  of  its  influence, 
were  it  not  counteracted  by  an  opposing  force,  a  principle  of  repulsion,  which 
prevents  their  approximation.  It  is  a  general  opinion  among  philosophers, 
supported  by  very  strong  fiuits,  that  this  repulsion  is  owinr  to  the  agency  of 
heat,  which  is  somehow  attached  to  the  elementary  mdecules  of  matter. 


mraoDucTiov.  9 

causing'  them  to  repel  one  another.  Material  sabitanoes  are,  therelbre,  anliiect 
tB  the  action  of  two  contrary  and  anta^nizin^  forces,  one  tendtof^  to  aepe- 
rate  their  particles,  the  other  to  brin^  tbem  into  closer  proximity.*  The 
6rm  of  bodies,  as  to  solidity  and  fluidity,  is  determined  by  the  relative  in- 
tensity of  these  powers.  Cohesion  predominates  in  solids,  in  consequence 
of  which  their  particles  are  prevented  from  movin^^  freely  on  one  another. 
The  particles  of  a  floid,  on  the  contrary,  are  far  less  influenced  by  cohesion, 
being  free  to  move  on  each  other  with  very  slight  irictidn.  Fluids  are  of 
two  kinds;  elastie  fluids  or  aeriform  substances,  and  inelastic  fluids  or 
liquids.  Cohesion  seems  wholly  wanting  in  the  former ;  tliey  yield  readily 
to  oompreflBion,and  expand  when  the  pressure  is  removed ;  indeed,  the  space 
they  occupy  is  chiefly  determined  by  the  force  which  compresses  them.  The 
latter,  on  the  contrary,  do  not  yield  perceptibly  to  ordinary  degrees  of  com- 
prasion,  nor  does  an  appreciaUe  dilatation  ensue  from  the  removal  of  pres> 
sure,  the  tendency  of  repulsion  being  in  them  counterbalanced  by  cohesion. 
Matter  is  subject  to  another  kind  of  attraction  difierent  from  those  yet 
raentionedf  termed  chemical  altraciion  or  affiniiy.  Like  cohesion,  it  acts 
only  at  insensible  distances,  and  thus  difiers  entirely  fVom  gravity.  It  is  dis- 
tin^shed  from  cohesion  by  being  exerted  between  dissimilu  particles  only, 
while  the  attraction  of  cohesieo  unites  similar  particles.  Thus,  a  piece  of 
marble  is  an  aggregate  of  smaller  portions  attached  to  each  other  1^  cohe- 
sion, and  the  parts  so  attached  are  called  iiUegrmnt  particles ;  each  of^^which, 
howisver  minute,  being  as  perfect  marble  as  the  mass  itselft  But  the  inte- 
arant  particles  conaist  of  two  substances,  lime  and  carbonic  acid,  which  are 
uiffisrent  from  one  another  as  well  as  from  marble,  and  are  united  by  chemi- 
oal  attraction.  lliBy  are  the  componeTU  or  eonttUuaU  parts  of  marble.  The 
intogrwot  particles  of  a  body  are,  therefore,  aggregated  together  by  coheHon; 
the  component  parts  are  united  by  affinity. 

The  chemical  properties  of  bodies  are  owing  to  affinity,  and  cvorv  chemi- 
eal  phenomenon  is  produced  br  the  operation  of  this  principle.  Though  it 
extends  its  influence  over  all  substances,  yet  it  affiscts  them  in  very  dif- 
fttent  degrees,  and  is  subject  to  peculiar  modificationB.  Of  three  bodies,  A, 
B,  and  C^  it  is  often  found  that  B  and  C  evince  no  affinity  for  one  another, 
and,  therefore,  do  not  combine ;  that  A,  on  the  contrary,  has  an  affinity  for 
B  aiid  C,  and  can  enter  into  separate  combination  with  each  of  them;  but 
that  A  has  a  greater  attraction  for  C  than  for  B,  so  that  if  we  brine  C  in 
eontact  with  a  compound  of  A  and  B,  A  will  quit  B  and  unite  by  prerarence 
with  G.  The  union  of  two  substances  is  called  combinaiioH;  and  its  result 
is  the  formation  of  a  new  body  endowed  with  properties  peculiar  to  itself, 
and  different  from  those  of  ito  constituents.  The  change  is  flrequently  at- 
tended by  the  destruction  of  a  previously  existing  compound,  and  in  that 
case  decsmposition  is  said  to  be  cSffected. 

The  operation  of  chemical  attraction,  as  thus  explained,  Isys  open  a  wide 
and  interesting  field  of  inquiry.  One  may  study,  for  example,  the  affinity  exist* 
ing  between  difierent  substances;  an  attempt  may  be  made  todiscover  the  pro- 
portion  in  which  they  unite ;  and  finally,  aflcr  collecting  and  arranging  an 
extensive  series  of  insulated  foots,  ffeneral  conclusions  may  be  deduced  from 
them.  Hence  cherolBtry  may  be  defined  the  science,  the  object  of  which  is 
to  examine  the  relations  that  affinity  esteblishes  between  Indies,  ascertain 
with  precision  the  nature  and  oonstitotion  of  the  compounds  It  produces,  and 
determine  the  laws  by  which  ite  action  is  regulated. 

*  It  should  be  borne  in  mind,  however,  that  the  force  which  tends  to  bring 
the  elementary  molecules  into  closer  proximity,  is  derived  from  an  innate 
property  of  ponderable  matter ;  while  the  force  which  tends  to  separate  them 
is  dependent  on  the  operation  of  a  distinct  principle,  caloric,  whose  particles, 
being  self-repellent,  force  the  ponderable  particles  apart.  In  order  to  explain 
why  the  caloric  remains  attached  to  the  ponderable  molecules,  it  is  neoessary 
to  suppose  that  ito  parUdes,  though  8el€drepellent,have  an  attraction  for  pon- 
derable  matter.    Ed. 
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Material  subatancea  are  divided  by  the  chemtet  into  simple  and  compoond. 
He  regards  those  bodies  as  compound,  which  may  be  resolved  into  two  or 
more  parts ;  and  those  as  simple  or  dementary,  which  contain  but  one  kind 
of  ponderable  matter.  The  number  of  the  latter  amounts  only  to  fifly-four ; 
and  of  these  all  the  bodies  in  the  earth,  as  far  as  our  knowledge  extends,  are 
composed.  The  list,  a  few  years  ago,  was  somewhat  different  from  what  it 
is  at  present;  for  the  acquisition  oi  improved  methods  of  analysis  has  ena- 
Ued  chemists  to  demonstrate  tliat  substances,  which  were  once  supposed  to 
be  simple,  are  in  reality  compound ;  and  it  is  probable  that  a  similar  &te 
awaits  some  of  those  which  are  at  present  regarded  as  simple. 

The  composition  of  a  body  may  be  determined  in  two  ways,  analytically 
or  synthetically.  By  the  former  method  the  elements  of  a  compound  are  se- 
parated  from  one  another,  as  when  water  is  resolved  by  the  agency  of  ^1- 
vanism  into  oxygen  and  hydrogen ;  by  synthesis  they  are  made  to  oombme, 
as  when  oxygen  and  hydrocnen  unite  by  the  electric  spark,  and  generate  a 
portion  of  water.  £adi  of  these  kinds  of  proof  is  satisftctory ;  but  when 
they  are  conjoined — when  we  first  resolve  a  particle  of  water  into  its  ele- 
ments,  and  then  reproduce  it  by  causing  them  to  unite— the  evidence  is  in 
the  highest  degree  conclusive. 

I  have  followed,  in  the  composition  of  this  treatise,  the  same  general  ar- 
rangement which  I  adopt  in  my  lectures.  It  is  divided  into  four  principal 
parts.  The  first  comprehends  an  account  of  the  nature  and  properties  of 
Heatf  Light,  and  Electrieiiyj — agents  so  diffusive  and  subtile,  that  the  com- 
mon  attributes  of  matter  cannot  be  perceived  in  them.  They  are  aHogetiber 
destitute  of  weight;  at  least,  if  they  possess  any,  it  cannot  be  discovered  by 
our  most  delicate  balances,  and  hence  they  have  received  the  appellation  o€ 
Imponderablet.  They  cannot  be  confined  and  exhibited  in  a  mass  like  ordi. 
nary  bodies;  they  can  be  collected  only  through  the  intervention  of  other 
substances.  Their  title  to  be  considered  material  is,  therefore,  questionable, 
and  the  effects  produced  by  them  have  accordingly  been  attributed  by  some 
to  certain  motions  or  affections  of  common  matter.  It  must  be  admitted, 
however,  that  they  appear  to  be  subject  to  the  same  powers  that  act  on  mat- 
ter in  genera],  and  that  some  of  the  laws  which  have  been  determined  con« 
Oerning  them,  are  exactly  such  as  might  have  been  anticipated  on  the  sup- 
position  of  their  materiality.  It  hence  follows,  that  we  need  only  rewd 
them  as  subtile  species  of  matter,  in  order  that  the  phenomena  to  which 
they  give  rise  may  be  explained  in  the  language,  and  according  to  the  prin- 
ciples, which  are  applied  to  material  sulwtanccs  in  general ;  and  I  shall, 
therefore,  consider  them  as  such  in  my  subsequent  remarks. 

The  second  part  comprises  Jnorganie  Chemivtry.  It  includes  the  doctrine 
of  affinity,  and  the  laws  of  combination,  together  with  the  chemical  history 
of  all  the  elementary  principles  hitherto  discoycred,  and  of  those  compound 
bodies  which  are  not  the  product  of  organization.  Elementary  bodies  are 
divided  into  the  non-metallic  and  metallic;  and  the  substances  contained  in 
each  division  are  treated  in  the  order  which,  it  is  conceived,  will  be  most 
convenient  for  the  purposes  of  teaching.  From  the  important  part  which 
oxygen  plays  in  the  economy  of  nature,  it  is  necessary  to  begin  with  the  de- 
scription of  that  principle ;  and  from  the  tendency  it  has  to  unite  with  other 
bodies,  as  well  as  the  importance  of  the  compounds  it  forms  with  them,  it 
will  be  useful,  in  studying  the  history  of  each  elementary  body,  to  describe 
the  combinations  into  wnich  it  enters  with  oxygen  gas.  The  remaining 
compounds  which  the  non-metaliic  substances  form  with  each  other,  wiU 
next  be  considered.  The  description  of  the  individual  metals  will  be  accom- 
panied by  a  history  of  their  combinations,  first  with  the  simple  non-metallic 
bodies,  and  afterwards  with  each  other.  The  last  division  of  this  part  will 
comprise  a  history  of  the  salts. 

The  third  general  division  of  the  work  is  Organic  Chemitiry,  a  subject 
which  will  be  conveniently  discussed  under  two  heads,  the  one  comprehend- 
ing the  products  of  vegetable,  the  other  of  animal  life. 

The  fourth  part  contains  brief  directions  for  the  performance  of  Analy9i$, 
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PART  I. 

IMPONDERABLE  SUBSTANCES. 


SECTION  I. 

HEAT,  OR  CALORIC. 

The  tarm  Htat^  in  oommoa  language,  hu  two  meanings:  in  the  one  ease, 
it  implies  the  sensation  ezperiencM  on  toaching  a  hot  hodj;  in  the  other,  it 
expresses  the  caose  of  that  sensation.  When  need  in  the  latter  sense,  it  is 
synonymous  with  the  word  C^doric^  (from  Calor^  heat,)  which  is  employed 
exclnsirely  to  signify  the  caose  or  agent  by  whic^  all  the  effects  of  heat  are 
produced. 

Heat,  on  the  supposition  of  its  being  material,  is  a  subtile  fluid,  the  parti- 
cles of  which  repel  each  other,  and  are  attracted  by  all  other  substances.  It 
is  imponderable :  that  is,  it  is  so  exceedingly  light,  that  a  body  undergoes  no 
appreciaUe  change  of  weight,  either  by  uie  addition  or  abstraction  of  heat 
It  is  present  in  aB  bodies,  and  cannot  be  wholly  separated  from  them.  For 
if  a  substance,  however  cold,  be  transferred  into  an  atmosphere  which  is 
still  colder,  a  thermometer  placed  in  the  body  will  indicate  the  escape  of 
heat.  That  its  particles  repel  one  another,  is  proved  by  observing  that  it 
flies  off  from  a  heated  body ;  and  that  it  is  attracted  by  other  substances,  is 
inferred  from  the  tendency  it  has  to  penetrate  their  particles,  and  to  be  re- 
tained by  them. 

Heat  m^j  be  transferred  from  one  body  to  another.  Thus,  if  a  cup  of 
mercury  at  €0°  be  plunged  into  hot  water,  heat  passes  rapidly  from  one  mto 
the  other,  until  the  temperature  in  both  is  the  same ;  that  is,  till  a  thermo- 
meter placed  in  each  stands  at  the  same  height  All  bodies  on  the  earth  are 
constantly  tending  to  attain  an  eauality,  or  what  is  technically  called  an 
e^UUnium^  of  temperature.  If,  tot  example,  a  number  of  substances  of 
different  temperature  be  enclosed  in  an  aputment,  in  which  there  is  no  ac- 
tual source  of  heat,  they  will  very  soon  acquire  an  equilibrium,  so  that  a 
thermometer  will  stand  at  the  same  point  in  all  of  thrtn.  "Hie  varying 
sensations  of  heat  and  cold,  which  we  experience,  are  owing  to  a  like  oause. 
On  touching  a  hot  body,  heat  passes  from  it  into  the  hand,  and  exeites  the 
feeling  of  warmth ;  when  we  touch  a  cold  body,  heat  is  communicated  to  it 
from  the  hand,  and  thus  arises  the  sensation  of  cold. 

As  this  transfer  of  heat  is  constantly  going  forward,  it  is  important  to 
determine  by  what  means,  and  according  to  what  laws,  the  equilibrinm  is 
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established.  Now,  it  is  found  that  heat  is  oommtinicated  from  a  hot  body 
to  others  which  are  colder  in  two  ways,  by  direct  amtmett  and  by  what  is 
called  radiation.  By  direct  contact^  when  the  hot  body  touches  a  cold  one, 
so  that  the  heat  may  pass  directly  from  one  into  the  other ;  as  when  a  bar 
of  iron  is  put  into  a  fire,  or  the  hand  plunged  into  hot  water.  By  radiation^ 
when  the  heat  leaps  as  it  were  from  a  hot  to  a  cold  body  through  an  appre- 
ciable interval;  as  when  a  red4iot  ball,  suspended  in  the  vacuum  of  an  air- 
pump,  distributes  its  heat  to  surrounding  objects,  or  as  when  we  are  warmed 
by  standing  at  some  distance  before  a  nre.  In  studying  these  phenomena 
we  must  regard  both  the  loss  of  heat  in  the  hot  body,  and  the  gain  of  heat 
in  the  cold  one.  The  mode  in  which  a  hot  body  cools  is,  firstly,  by  giving 
off  heat  from  its  surface  either  bv  contact  or  radiation,  or  both  conjointly; 
and,  secondly,  by  the  heat  in  its  mterior  passing  from  nartide  to  particle 
through  its  substance  to  its  surface.  The  beating  of  a  cold  bod^  is  effected, 
firstly,  by  beat  passing  into  its  surface  either  by  contact  or  radiation,  or  by 
both  conjointly ;  and,  secondly,  by  tlie  heat  at  its  surface  passing  from  par- 
ticle to  particle  through  its  mterior  portions.  Hence,  in  tracing  tho  laws 
which  regulate  the  distribution  of  heat,  we  shall  successively  consider  the 
communication  of  heat  from  one  body  to  another  by  contact^  its  passage 
from  particle  to  particle  of  the  same  substance  or  the  conduction  of  heat, 
and  its  transfer  from  a  sensible  distance  or  radiation* 

COMMUNICATION  OF  HEAT  BY  CONTACT. 

The  principal  conditions  which  influence  the  communication  of  heat  from 
one  body  to  another  by  contact,  are  the  degree  of  contiguity  and  the  con- 
ducting power  of  the  substances.  The  more  perfect  the  approximation,  the 
more  rapid,  ccUeris  parifms,  is  the  transfer.  The  contact  of  two  solids,  or  of 
a  solid  with  a  gas,  is  in  general  of  a  less  perfect  kind,  and  at  fewer  points, 
than  that  between  a  solid  and  a  liquid;  and  hence,  so  far  as  eorUact  aUme  is 
concerned,  the  transfer  is  more  rapid  in  the  latter  case  than  in  the  former. 
It  is  still  more  rapid  when  liquids  are  mixed  with  each  other,  or  gases  with 
gases,  owing  to  the  intermixture  of  their  particles.  When  bodies  toucli 
each  other  at  their  surfaces  only,  the  question  becomes  one  of  conduction, 
tlie  rapidity  of  transfer  depending  on  the  velocity  with  which  heat  passes 
through  the  substances  in  contact.  Thus,  if  a  hot  mass  of  iron  and  another 
of  marble,  of  equal  size,  form,  and  temperature,  be  plunged  into  equal  quan- 
titles  of  cold  water,  the  iron  will  cool  faster  than  the  marble,  because  heat 
passes  more  rapidly  through  the  substance  of  the  former  than  through  that 
of  the  latter.  Were  two  pieces  of  hot  iron  similarly  plunged,  one  into  mer- 
cury and  the  other  into  water,  the  piece  in  contact  with  mercury  would  cool 
most  rapidly,  because  that  meUl  is  a  better  conductor  than  water.  Were 
the  experiment  made  by  immersing  the  iron  in  mercury  and  the  marble  in 
water,  the  rapidity  of  cooling  in  the  former  would  very  much  exceed  that  in 
the  latter,  fi-om  two  causes;— both  from  heat  passing  more  rapidly  through 
iron  than  through  marble,  and  fVom  ite  being  conveyed  away  more  rapidly 
by  mercury  than  by  water.  The  same  principle  explains  the  unequd  sen- 
sation caused  by  bodies  of  equal  temperature.  Thus  the  hand  receives  a 
more  vivid  impression  of  warmth  by  touching  hot  iron  than  from  glass  of 
the  same  temperature ;  because  the  quantity  of  heat  which  in  a  given  time 
can  be  brought  from  the  Interior  to  the  surface  of  the  hot  body,  so  as  to  pass 
into  the  skin,  is  much  greater  in  Iron  than  In  glass.  In  like  manner,  cold 
iron  feels  colder  than  glass  of  the  same  temperature ;  because  the  former 
conveys  away  fVom  the  skin  more  heat  in  a  given  time  tlian  the  glass. 

CONDUCTION  OF  HEAT. 

By  this  term  is  expressed  the  passage  of  heat  from  particle  to  parUcle 
through  the  substance  of  bodies.  Heat  is  said  to  be  conducted  by  them,  or 
to  pass  by  conduction,  and  the  property  on  which  its  transmission  depends 
^is  termed  conducting  power. 
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Heat  obrioasiy  pnmm  throagh  bodies  with  dtflferent  decrees  of  Telocity. 
Sooie  subetanoes  oppoao  very  fittle  impediment  to  its  passage,  while  it  is 
transmitted  slowly  by  others.  Daily  experience  teaches  that  though  we 
cannot  leave  one  end  of  a  rod  of  iron  for  some  time  in  the  fire,  and  then 
touch  its  other  extremity,  without  danger  of  being  burned ;  yet  this  may  be 
done  with  perfect  safety  with  a  rod  of  rlass  or  of  wood.  The  heat  will 
speedily  traverse  the  iron  bar,  so  that,  at  ue  distance  of  a  foot  from  the  fire, 
it  is  impossible  to  support  its  heat;  while  wo  may  hold  a  piece  of  red-hot 
glass  two  or  three  inches  from  its  extremity,  or  keep  a  piece  of  baming 
charcoal  in  the  hand,  though  the  part  in  combustion  be  only  a  few  lines  re- 
moved  from  the  skin.  The  observation  of  these  and  similar  facts  has  led 
to  the  division  of  bodies  into  conductors  and  non-conduetorw  of  heat  The 
fi>rmer  division,  of  course,  includes  those  bodies,  such  as  the  metals,  which 
allow  heat  to  pass  freely  through  their  substance ;  and  the  latter  comprises 
those  which  do  not  give  an  easy  passage  to  it,  such  as  stones,  glass,  wood, 
and  charcoaL 

Various  methods  have  been  adopted  for  determining  the  relative  conduct- 
ing  power  of  different  substances.  The  mode  devised  by  Ingenhouz*  was 
to  cover  small  rods  of  the  same  form,  size,  and  length,  but  of  afferent  mates 
rials,  with  a  layer  of  wax,  to  plunge  their  extremities  into  heated  oil,  and 
note  to  what  distance  the  wax  was  melted  on  each  during  the  same  inter- 
val.  The  metals  were  found,  by  this  method,  to  conduct  heat  better  than 
any  other  substances;  and  of  the  metals,  silver  is  the  best  conductor;  gdd 
comes  next;  then  tin  and  copper,  which  are  nearly  equal;  then  platinum, 
iron,  and  lead. 

Some  experiments  have  lately  been  made  by  M.  Despretz,  apparently 
with  great  care,  on  the  relative  conducting  power  of  the  metals  and  some 
other  substances,  and  the  results  are  contained  in  the  following  table.  (An. 
de  Ch.  et  de  Ph.  xxxvi.  422.) 


Gold        - 

-        1000 

Silver 

973 

Copper     - 

8985 

Platinum 

381 

Iron 

374.3 

Zinc 

363 

Tin        - 

.        303.9 

Lead      - 

179.6 

Marble  - 

23.6 

Porcelain 

12.2 

Fine  clay 

11.4 

The  substances  employed  for  these  experiments  were  made  into  prisms  of 
the  same  form  and  size.  To  one  extremity  a  constant  source  of  heat  was 
applied,  and  tlie  passage  of  heat  along  the  bar  was  estimated  by  small  ther- 
mometers placed  at  regular  distances,  with  their  bulbs  fixed  in  the  substance 
of  the  prism. 

An  ingenious  plan  was  adopted  by  Count  Rumford  (Phil.  Trans.  1792,) 
fi>r  ascertaining  the  relative  conducting  power  of  the  different  materials  em* 
ployed  for  clothing.  He  enveloped  a  thermometer  in  a  glass  cylinder  blown 
into  a  bell  at  its  extremity,  and  filled  the  interstices  with  the  substance  to 
be  examined.  Having  heated  the  apparatus  to  the  same  temperature  in 
every  instance  by  immersion  in  boiling  water,  he  transferred  it  into  melting 
ice,  and  observed  carefully  the  number  of  seconds  which  elapsed  during  the 
passage  of  the  tliermomcter  through  135  degrees.  When  there  was  air  be- 
twccn  the  thermometer  and  cyluider,  the  cooling  took  place  in  576  seconds ; 
when  the  interstices  were  filled  with  fine  lint,  it  took  place  in  1032" ;  with 
cotton  wool  in  1046";  with  sheep's  wool  in  1118";  with  raw  silk  in  1284"; 
with  beaver's  for  in  1296 ' ;  with  cider  down  in  1305" ;  and  with  hare's  fur 
in  1315.''  The  general  practice  of  mankind  it<,  therefore,  fully  justified  by 
experiment  In  winter  we  retain  the  animal  heat  as  much  as  possiblo 
by  covering  the  body  with  bad  conductors,  such  as  silk  or  woollen 
stuffs ;  and  in  summer  cotton  or  linen  articles  are  employed  with  an  opposite 
intention. 


*  Ingcnhouz,  Journal  de  Phys.  1789,  p.  68. 
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The  oondacttDg  power  of  eolid  bodies  doei  not  leem  to  be  reltted  to  enj 
^f  the  other  propertiee  of  matter;  but  it  approaches  nearer  to  the  ratio  of 
their  densities  than  to  that  of  any  other  property.  Count  Rumford  found  a 
oonsiderable  difierence  in  the  conductinur  power  even  of  the  same  material, 
according  to  the  state  in  which  it  was  employed.  His  observations  seem  to 
warrant  the  conclusion,  that  in  the  same  substance  the  conducting  power 
increases  with  the  compactness  of  structure. 

Liquids  may  be  said,  in  one  sense  of  the  word,  to  have  the  power  of  con. 
▼eying  heat  with  great  rapidit;^,  though  in  reality  they  are  very  imperfect 
conductors.  This  peculiarity  is  owing  to  the  joint  influence  of  two  circum- 
stances,—the  mobility  which  subsists  among  the  particles  of  all  fluids,  and 
the  change  of  siie  or  volume  invariably  produced  by  a  change  of  temperature. 
When  any  particles  of  a  liquid  are  heated,  they  expand,  Uiereby  becoming 
specificaliy  lighter  than  those  which  have  not  received  an  increase  of  tem- 
perature ;  and  if  the  former  happen  to  be  covered  by  a  stratum  of  the  latter, 
these  fVom  their  greater  density  will  descend,  while  the  warmer  and  lighter 
particles  will  be  pressed  upwards.  It,  therefore,  follows  that  if  heat  enter  at 
the  bottom  of  a  vessel  containing  a  liquid,  a  double  set  of  currents  must  be 
immediately  established,  the  one  of  hot  particles  rising  towards  the  surfiioe, 
and  the  other  of  colder  particles  descending  to  the  bottom.  Now  these  cur- 
rents  take  place  with  such  rapidity,  that  if^a  thermometer  be  placed  at  the 
bottom,  and  another  at  the  top  of  a  long  jar,  the  fire  being  applied  below,  the 
upper  one  will  begin  to  rise  almost  as  soon  as  the  lower.  Hence,  under  cer- 
tain  circumstances,  heat  is  communicated  or  rather  carried  through  liquids 
with  rapidity. 

But  if;  instead  of  heating  the  bottom  of  the  jar,  the  heat  enter  by  the  upper 
Burfiu:e,  very  difierent  phenomena  will  be  observed.  Tlie  intestine  move- 
ments cannot  then  be  formed,  because  the  heated  particles,  from  being  lighter 
than  those  below  them,  remain  oonslantly  at  the  top ;  the  heat  can  descend 
through  the  fluid  only  by  transmission  /rom  particle  to  particle,  a  process 
which  takes  place  so  very  tardily,  as  to  have  induced  Count  Rumferd  to  deny 
that  water  can  conduct  at  all.  In  this,  however,  he  was  mistaken ;  for  the 
opposite  opinion  has  been  successfully  supported  by  Dr.  Hope,  Dr.  Thomson, 
and  the  late  Dr.  Murray,  though  they  all  admit  that  water,  and  liquids  in 
general,  mercury  excepted,  possess  the  power  of  conducting  heat  in  a  very 
slight  degree. 

it  is  extremely  difficult  to  estimate  the  conducting  power  of  aeriform  fluids. 
Their  particles  move  so  freely  on  each  other,  that  the  moment  a  particle  is 
dilated  by  heat,  it  is  pressed  upwards  with  great  vdocity  by  the  descent  of 
colder  and  heavier  particles,  so  that  an  ascending  and  dMcending  current  is 
instantly  established.  Besides,  these  bodies  allow  a  passsge  through  them 
by  radiation.  Now  the  quantity  of  heat  which  passes  by  these  two  channels 
is  so  much  greater  than  that  which  is  conducted  from  particle  to  particle, 
that  we  possess  no  means  of  determining  their  proportion.  It  is  certain, 
however,  that  the  conducting  power  of  gaseous  fluids  is  exceedingly  imper- 
fbct,  probably  even  more  so  than  that  of  liquids. 

RADIATION. 

When  the  hand  is  placed  beneath  a  hot  body  suspended  in  the  air,  a  dis- 
tinct sensation  of  warmth  is  perceived,  though  from  a  considerable  distance. 
This  effect  does  not  arise  fl'om  the  heat  being  conveyed  by  means  of  a  hot 
current;  since  all  the  heated  particles  have  a  uniform  tendency  to  rise. 
Neither,  for  reasons  above  assigned,  can  it  depend  upon  the  conducting 
power  of  the  air ;  because  atrial  substances  possess  that  power  in  a  very  low 
degree,  while  the  sensation  in  the  present  case  is  excited  almost  on  the  in- 
stant There  is  ^et  another  mode  by  which  heat  passes  from  one  body  to 
another ;  and  as  it  takes  place  in  all  gases,  and  even  in  vaaiOf  it  is  inferred 
that  the  presence  of  a  medium  is  not  necessary  to  its  passage.  This  mode 
of  distribution  is  called  Radiation  of  Heat,  and  the  heat  so  distributed  is 
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called  Radiant^  or  RadUited  HeaL  It  appears,  therefore,  that  a  heated  body 
suspended  in  the  air  cook,  or  is  reduced  to  au  equilibrium  with  surroundio^ 
bodies,  in  three  ways ;  first,  by  the  conducting  power  of  the  air,  the  influence 
of  which  is  Tery  trifling ;  secondly*  by  the  mobility  of  the  air  in  contact 
with  it;  and  thirdlyi  by  radiation. 

Law9  of  Ditlriiutiam,  Heat  is  emitted  from  the  sor&ce  of  a  hot  body 
equally  in  all  directions,  and  in  right  lines,  like  radii  drawn  from  the  centre 
to  the  circumference  of  a  circle ;  so  that  a  thermometer  placed  at  the  same 
distance  on  any  side  would  stand  at  the  same  point,  if  the  eSset  of  the  as- 
cending current  of  hot  air  could  be  aTerted.  The  calorific  rays,  thus  dis* 
tributed,  pass  freely  through  a  vacuum  and  the  air,  without  b^ng  arrested 
by  the  latter  or  in  any  way  afiecting  its  temperature.  When  they  fiUl  upon 
the  surface  of  a  solid  or  liquid  substance,  they  may  be  disposed  of  in  three 
different  ways: — 1,  they  may  rebound  firom  its  surface,  or  be  refieeted; 
2,  th^  may  be  received  into  its  substance,  or  be  abwrbed  ;  and,  3,  they  may 
pass  <&rectly  through  it,  or  be  tranamiUed,  In  the  first  and  third  cases,  tfale 
temperature  of  the  body  on  which  the  rays  fall  is  altfl«nether  unaffected ; 
whereas,  in  the  second,  it  is  increased.  The  heating  influence  varies  with 
the  distance  firom  the  radiating  body.  Common  observation  teaches  that  the 
heat  of  a  fire  is  less,  the  further  we  are  removed  from  it ;  just  as  the  light 
grows  faint  in  proportion  as  we  recede  from  a  lamp.  The  rate  or  law  of 
decrease,  as  ascertained  by  careful  eicperiment,  and  as  may  be  inferred  from 
mathematical  oonsideratic»s,  is,  that  the  intensity  of  heat  diminishes  in  the 
same  ratio  as  the  squares  of  the  distances  from  the  radiating  point  increase. 
Thus  the  thermometer  will  indicate  four  times  less  heat  at  two  inches,  nine 
times  less  at  three  inches,  and  sixteen  times  less  at  four  inches,  than  it  did 
when  it  was  only  one  inch  from  the  heated  substance. 

The  radiation  of  heat  bv  hot  bodies  is  singularly  influenced  by  the  nature 
and  condition  of  their  sur&ces,  a  circumstance  which  was  first  examined  by 
the  late  Sir  John  Leslie,  \o  whose  Essay  on  Heat,  published  in  1804,  we 
most  still  refo  for  most  of  our  knowledge  on  this  subject  Leslie  employed 
in  his  experiments  a  hollow  tin  cube  filfed  with  hot  water  as  the  radiatmg 
sabstance.  The  rays  prooeedini^  from  it  were  brought,  by  means  of  a  ooo- 
cave  mirror,  into  a  focus,  in  wmch  .the  bulb  of  a  mfiferential  thermometer 
was  placed.  By  adapting  thin  plates  of  different  metals  to  the  sides  of  the 
tin  cube,  and  turning  them  successively  towards  the  mirror,  he  found  s  very 
variable  effect  produced  upon  the  thermometer.  A  bryht  smooth  polished 
plate  of  metal  radiated  very  imperfectly ;  but  if  its  surfice  were  in  the  least 
degree  dull  or  rough,  the  radiating  power  was  immediately  augmented.  Or 
if  the  metallic  sumce  were  covered  with  a  thin  layer  of  isinglass,  paper, 
wax,  or  resin,  its  power  of  radiation  increased  surprisingly.  It  follows  from 
these  researches  that  velocity  of  radiation  depends  more  on  the  gutfaee  than 
the  tubttanet  of  a  radiating  body  r^r-that  the  most  imperfect  radiators  are  to 
be  sought  among  those  bodies  which  are  highly  smooth  and  bright,  such  as 
polishMl  l^ld,  silver,  tin,  and  brass;  but  that  these  same  metale  radiate  freely 
when  their  smoothness  and  polish  are  destroyed,  as  by  scratching  their  sur- 
&oes  with  a  file,  or  covering  them  with  whiting  or  lampblack.  A  metallic 
snrfiice  seems  adverse  to  radiation  independenUy  of  its  smoothness,  since  a 
highly  polished  piece  of  glsss  radiates  far  better  than  an  equally  polished 
metallic  sur&oe.  Scratching  a  surfiiee  probably  favours  radiation  by  mul- 
ti{^ng  the  number  of  radiating  points. 

aome  interesting  experiments  by  Dr.  Stark  of  Edinburgh  have  just  ap- 
peared (FhU.  Trans.  1833,  Part  II.)  illustrative  of  the  connexion  between  ra- 
diation and  the  colour  of  surfiuses.  The  bulb  of  a  delicate  thermometer  waa 
successively  surrounded  by  equal  weights  of  differently  coloured  wool,  was 
]^ced  in  a  glass  tube,  heated  hj  immersion  in  hot  water  to  180^,  and  then 
cooled  to  50^  in  coM  water.  The  times  of  cooling  were  31  minutes  with 
bhusk  wool,  36  with  red  wool,  and  37  with  white  wool.  Concurring  results 
were  obtained  with  floor  of  difierent  colours.  Likewise,  black  wool  was 
fpmid  to  cpKe<$t  paore  dew  than  an  equal  weight  of  while  wool,  other  cir- 
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cumstancet  being^  alike.  This  ia  the  fint  time  that  direct  ezperimeiita,  i 
inglj  unexceptionable,  have  been  made  in  proof  of  the  influence  of  colour 
over  radiation. 

RejUetion  of  Heat. — ^The  existence  of  a  refleetingr  power  may  be  shown  by 
atanding  at  the  side  of  a  fire  in  such  a  position  that  the  heat  cannot  readn 
the  face  directly,  and  then  placing  a  plate  of  tinned  iron  opposite  the  grate, 
and  at  such  an  inclination  as  permits  the  observer  to  see  in  it  the  reflection 
of  the  fire :  as  soon  as  it  is  brought  to  this  inclination,  a  distinct  impression 
of  heat  will  be  perceived  upon  the  face.  If  a  line  be  drawn  from  a  radiating 
substance  to  the  point  of  a  plane  surface  by  which  its  rays  are  reflected,  and 
a  second  line  from  that  point  to  the  spot  where  its  heating  power  is  exerted, 
Uie  angles  which  these  hnes  form  with  a  line  perpendicuur  to  the  reflecting 
plane  are  called  the  angles  of  incidenee  and  re/lsctiofi,  and  are  invariably 
equal  to  each  other.  It  follows  from  this  law,  that  when  a  heated  body  is 
placed  in  the  focus  of  a  concave  parabolic  reflector,  the  diverging  rays  which 
strike  upon  it  assume  a  parallel  direction  with  respect  to  each  other ;  and 
that  when  these  parallel  rays  impinge  upon  a  second  concave  reflector  standp 
inff  opposite  to  the  former,  they  are  made  to  converge,  so  as  to  meet  together 
in  its  focus.  Tleir  united  influence  is  thus  brought  to  bear  upon  a  single 
point 

It  has  been  known  for  ages  that  the  heat  contained  in  the  solar  rays  admits 
of  being  reflected  by  mirrors,  and  a  like  property  has  long  since  been  recog- 
nized in  the  rays  emitted  by  red-hot  bodies ;  but  that  heat  emanates  in  in- 
visible rays,  which  are  subject  to  the  same  laws  of  reflection  as  those  that 
are  accompanied  by  light,  is  a  modem  discovery,  noticed  indeed  by  Lambert, 
bat  first  decisively  established  by  Saussnre  and  Pictet  of  Geneva.  They  first 
proved  it  of  an  iron  ball  heated  so  as  not  to  be  luminous  even  in  the  dark, 
and  then  of  a  vessel  of  boiling  water,  (Piclet's  Essai  snr  le  Feu,  p.  65, 1790) ; 
but  for  moet  of  our  knowledge  of  this  subject  we  must  again  refer  to  the 
^  the  1   "     • 


labours  of  Leslie.  He  demonstrated  that  the  reflecting  power  depends  on 
the  nature  and  condition  of  surfaces,  and  that  those  qualities  which  are  ad* 
verse  to  radiation,  are  precisely  such  as  promote  reflection.  Bright  smooth 
metallic  surfaces,  as  polished  sdver,  brass,  or  tin,  which  are  retentive  of  their 
own  heat,  are  little  prone  to  receive  heat  from  other  sources,  but  cause  snch 
rays  to  fly  off  firom  them ;  while  those  qualities  of  a  sarfiu»  which  facilitate 
radiation  from  a  hot  body,  likewise  unfit  it  for  reflecting  the  rays  which  fid! 
upon  it  from  surrounding  objects.  His  experiments,  indeed,  justify  the  oon- 
olusion  that  the  faculty  of  radiation  is  inversely  as  that  of  reflection. 

AbtonHon  of  Heat. — Ehrery  increase  of  temperature  arising  from  radiant 
heat  is  due  to  its  absorption  or  reception  into  the  body  on  which  it  fidls.  It 
is  admitted  that  heat  cannot  be  transmitted  directly  through  opaque  bodies, 
andj  therefore,  that  all  the  rays  impinging  on  such  objects  must  either  be 
reflected  or  absorbed :  those  which  are  reflected,  cannot  be  absorbed ;  and 
those  which  are  not  reflected,  must  be  absorbed.  The  number  of  absorbed 
rays  is  supplemental  to  that  of  the  reflected  rays.  It  hence  foUows  that  as 
the  reflecting  power  is  materially  influenced  by  the  nature  of  surfaces,  the 
absorptive  power  must  be  so  likewise.  Those  qualities  of  a  surface  which 
increase  reflection  are  to  the  same  extent  adverse  to  absorption ;  and  those 
which  favour  absorption  are  proporticmally  injurious  to  reflection.  Since, 
moreover,  as  was  shown  in  the  last  article,  the  property  of  radiation  is  in- 
versely as  that  of  reflection,  the  power  of  radiating  is  directly  proportional 
to  that  of  absorbing  heat*    These  inferences  are  mlly  justifod  by  the  re- 

*  The  remarks  of  the  author  on  the  passage  of  ealoric  through  surfaces, 
may,  perhaps,  be  extended  with  advantage.  Surfiuses,  as  to  the  transmission 
of  caloric,  ma^  be  divided  into  two  sets ;  1st,  those  which  offer  an  easy  pas- 
sage to  calonc,  either  inwards  or  outwards ;  and  2d,  those  through  which 
ealoric  passes  with  difficulty.  The  first  set  of  sur&ces  are  at  the  same  time 
good  alMorbers  and  radiators ;  the  second  set  combine  the  qualities -of  good 
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aeuelMi  of  Leslie,  tnd  ba?o  raoeiTed  additional  confirmation  by  a  decisiye  ex- 
periment made  by  my  colleague,  Dr.  Ritchie.   (Royal  IntL  Journal,  ▼.  305.) 

The  colour  of  aurfikCes  iimuenoes  the  abeorption  of  radiant  heat  Thia 
has  been  observed  by  seTcral  persona  of  the  sun's  rays,  and  of  terrestrial 
Iwat  associated  with  light,  as  wiQ  be  stated  in  the  next  section ;  but  the  de- 
pendenee  of  the  absorptive  power  for  simple  heat  on  cdoor  has  not  till  lately 
been  noticed.  From  researches  by  Dr.  Stark  already  referred  to  (page  9), 
it  seems  that  diflerently  coloured  wo<dB  wound  upon  the  bulb  of  a  ^crmome- 
ter,  and  exposed  within  a  glass  tube  to  hot  water,  rose  from  500  to  170P  in 
the  following  times^— Mack  wool  in  4'  30",  dark  green  in  5',  scarlet  in  5' 
30^',  white  m  8'. 

An  interesting  connexion  has  been  traced  by  MM.  NobiU  and  Melloni  be- 
tween the  absorbing  and  conducting  power  of  surfaces.  (An.  de  Ch.  et  de 
Ph.  xlriii.  I9&)  In  their  experiments,  variations  of  temperature  were  esti- 
mated by  a  new  instrument  odled  ihermo-muUiplier,  consisting  of  a  thermo- 
electric combination  on  the  principle  of  those  to  be  hereafter  described  in 
the  article  on  Tketmo-EUeiricUy :  it  is  attached  to  a  delicate  galvanometer, 
which  acts  as  a  thermometer  by  measuring  the  degree  of  gidvanic  excite- 
ment, which  excitement  is  thought  to  vary  directly  as  the  temperature. 
These  researches,  if  free  from  &llacy,  justify  the  inference  that  the  radiating 
and  absorbing  powers  of  surfiices  for  simple  heat  are  in  the  inverse  order  of 
their  conductmg  power, 

2Vafisiiitsstoii  tf  UeaU — ^Radiant  heat  passes  with  perfect  freedom  through 
m  vacuum.  The  air  and  gaseous  substances  present  but  a  feeble  barrier  to 
its  progress ;  so  feeble,  indeed,  that  the  degree  of  impediment  which  they 
occasion  has  not  yet  been  appreciated.  Transparent  media  of  a  denser  kind, 
oo  the  contrary,  such  as  the  diamond,  rock-crystal,  glass,  and  water,  even  in 
thin  strata,  greatly  interfere  with  its  passage,  and  when  in  moderately  thick 
maaees  intercept  it  altogether.  This  last  remark,  however,  is  only  applica- 
ble to  simple  heat,  that  is,  to  heat  unassociated  with  light  The  sokr  rays 
pass  readily  through  the  substance  of  glass,  both  heat  and  light  being  re- 
fracted in  their  passage,  as  is  shown  b^  the  operation  of  a  burning-glass  or 
lens ;  and  though  much  of  the  heat  emitted  by  the  flame  of  a  lamp,  or  a  red- 
hot  ball  of  iron,  is  arrested  by  glass,  many  calorific  rays  are  directly  trans- 
mitted along  with  the  light  But  the  result  is  different  when  the  heated  body 
is  not  luminous.  A  thin  screen  of  glass,  interposed  between  such  an  object 
and  a  thermometer,  certainly  iniercepiH  most  of  the  rays  that  fall  upon  it ; 
and  the  sole  question  which  can  be  raised  is,  whether  tlie  small  eflfect  on  the 
thermometer  is  caused  by  direct  transmission,  or  by  the  screen  first  becom- 
ing warm  by  the  absorption  of  the  rays,  and  then  acting  on  the  thermometer 
by  raitiation.  Leslie  adopted  the  latter  view,  denying  tlut  axiy  rays  of  simple 
bleat  can  pass  by  direct  transmission  through  glass;  and  Sir  D.  Brewster 
has  aupported  this  opinion  by  an  argument  suggested  by  his  optical  re- 
searches. (Phil.  Trans.  1816,  p.  106.)  He  discovered  that  when  heat  passes 
by  conduction  through  the  subetsnce  of  glass,  a  crystalline  arrangement  of 
its  particles  is  occasioned,  the  progress  of  which  from  particle  to  particle 
may  be  distinctly  traced  by  the  polarizing  property  which  the  crystalline 
points  of  the  glass  immediately  assume.  The  same  phenomena  appear  when 
radiant  heat  falls  upon  a  plate  of  glass,  and,  therefore,  it  was  inferred  that  the 
heat  pasMs  through  by  conducticm  and  not  by  transmission.  This  argu- 
ment, however,  is  scarcely  conclusive ;  and  I  cannot  help  thinking  that  Mr. 
B.  PoweU,  in  bis  late  very  full  digest  of  tlje  whole  subject  of  radiant  heat 
(Reports  of  the  British  Association,  p.  269)  attaches  to  it  more  importance 
than  it  deserves.    The  observations  of  Sir  D.  Brewster  afford  undeniable  evi* 


reflectors  and  retainers.  The  absorbing  and  radiating  power  on  the  one 
hand,  and  the  reflecting  and  retaining  power  on  the  other,  would,  therefore, 
seem  to  be  common  properties,  bclongmg  to  two  distinct  sets  of  surfaces. 
Ed. 
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denoe  of  radiant  heat  being  arrested  by  glass,  a  point  which  no  one  disputes ; 
but  it  does  not  follow  that  no  rays  are  transmitted.  His  method  of  inquiry 
was  not  calculated  to  detect  transmitted  rays,  since  they  could  not  affect  the 
temperature  of  the  medium. 

The  most  elaborate  experiments  in  favour  of  (he  permeability  of  transpa- 
rent media  were  conducted  by  De  la  Roche,  who  estimated  the  transmitted 
rays  by  the  difference  of  effect  occasioned  by  two  glass  screens,  one  of  which 
was  transparent  and  the  other  blackened.  (Biot*s  Traits  de  Physique,  iv. 
638.)  Prcvost  conducted  a  similar  inquiry  by  employing  moveable  screens, 
which  constantly  presented  a  oool  surface  to  the  thermometer,  thereby  ex- 
pccting  to  exclude  all  interference  from  conduction  and  secondary  radiation ; 
and  some  experiments  on  the  same  principle  were  performed  some  years  ago 
by  Dr.  Christison  and  myself.  Several  ingenious  experiments  have  been 
made  on  this  subject  by  Dr.  Ritchie;  and  it  has  lately  been  examined  by 
MM.  Nobili  and  Melloni  with  the  aid  of  their  thermo-multiplier.  All  these 
experimenters  concur  in  the  belief  of  direct  transmission.  The  total  effect 
from  this  cause  is,  however,  very  small ;  and  with  screens  of  moderate  thick- 
ness it  is  wholly  imperceptible.  De  la  Roche  found  that  the  ratio  of  the 
transmitted  to  the  intercepted  rays  continually  augments,  the  nearer  the  Icm- 
perature  of  the  radiating  body  approaches  to  incandescence. 

Theory  of  RadiaiiorL — ^The  tendency  which  all  bodies  evince  to  attain  an 
equality  of  temperature  by  means  of  radiation,  has  given  rise  to  two  inge- 
nious theories,  suggested  respectively  by  Pictct  and  Prevost.  According  to 
the  f()rmer,  bodies  of  equal  temperature  do  not  radiate  at  all;  and  when  the 
temperature  is  unequal,  the  hotter  give  calorific  rays  to  the  colder  bodies  till 
an  equilibrium  is  established,  at  which  moment  the  radiation  ceases.  Pre- 
vost, on  the  contrary,  conceived  radiation  to  go  on  at  all  times,  and  from  all 
substances,  whether  their  temperature  were  the  same  or  different  from  that 
of  surrounding  objects.  (Recherches  sur  la  Chaleur.)  Consistently  with  this 
view,  the  temperature  of  a  body  falls  whenever  it  radiates  more  heat  than  it 
absorbs ;  its  temperature  is  stationary  when  the  quantities  emitted  and  re- 
ceived are  equal ;  and  it  grows  warm  when  the  absorption  exceeds  the  radia- 
tion. A  hot  body  surrounded  by  others  colder  than  itself^  affords  an  instance 
of  the  first  case ;  the  second  happens  when  aU  the  substances  within  the 
sphere  of  each  other*s  radiation  have  the  same  temperature ;  and  the  third 
occurs  when  a  body  is  introduced  into  a  room  which  is  warmer  than  iisclf. 
Of  these  theories  the  preference  is  very  generally  accorded  to  the  latter. 
Most  of  the  phenomena  of  radiation,  indeed,  admit  of  a  satisfactory  explana- 
tion by  both ;  but  on  the  whole,  the'  theory  of  Prevost  is  more  igcnerally  ap- 
plicable. A  favourable  example  for  tracing  this  preference  is  afforded  by  the 
law  of  cooling  in  vacuo^  established  by  Dulong  and  Petit  Another  argu- 
ment in  its  favour  is  deducible  from  the  close  analogy  which  subsists  between 
the  laws  of  heat  and  light.  Luminous  bodies  certainly  exchange  rays  with 
one  another.  A  feeble  light  sends  rays  to  one  of  greater  intensity ;  and  the 
quantity  of  light  emitted  by  each,  does  not  seem  to  be  at  all  influenced  by 
the  vicinity  of  the  other.  Since,  therefore,  the  radiation  of  light  is  not  pre- 
vented by  the  presence  of  other  luminous  bodies,  it  is  probable  that  the  ra- 
diation of  heat  is  equaHy  uninfluenced  by  the  proximity  of  other  radiating 
substances. 

Adopting,  fer  the  reasons  just  stated,  the  theory  of  Prevost,  it  will  be  use- 
ful to  examine  a  few  instances  of  its  application; — and,  first,  in  regard  to 
the  experiments  with  conjugate  mirrors.  If  a  metallic  ball  ,in  tlie  rocus  of 
one  mirror,  and  a  thermometer  in  that  of  the  other,  be  of  the  same  tempera- 
ture as  the  surrounding  objects  (say  at  60°),  the  thermometer  will  remain 
stationary.  It  will  indeed  receive  rays  from  the  ball;  but  as  it  emits  an 
equal  number  in  return,  its  temperature  will  be  unchanged.  If  the  ball  is 
above  60°  the  thermometer  will  rise,  because  it  then  receives  a  greater  num- 
ber of  rays  tlian  it  gives  out.  If,  on  the  contrary,  the  ball  is  below  60°,  the 
thermometer,  being  the  warmer  of  the  two  bodies,  emits  more  rays  than  it 
receives,  and  its  temperature  will  fall. 
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The  «ae  node  of  naooniag  eoqikdiMl  an  mteraetiii|^  caqperioMBt  of%iB^ 
If  peribrmed  hj  the  Florentiiie  Aeademiciaii^  end  linee  cuMXty  repeafted 
if^gML  Hepkoedapieoeof  ioeiiwCaedof  themetaUicbelliiitheibeus 
or  fak  miiTor,  sod  obeerved  tint  the  tfaermometer  in  the  oppoeite  IbeoB  im- 
medKetPJy  deecendedf  but  roee  mg§in  as  aooii  as  the  ioe  was  removed.  On 
replaelDir  the  ice  in  the  ibcus,  the  thermometer  again  ieU,  and  reaseended 
when  it  was  withdrawn.  It  was  supposed  by  some  philosophers  that  this 
experiment  proved  the  ezistenoe  c^fiij^rifie  rajrs,  endowed  with  the  proper- 
tjr  of  oommnnicating  coldness;  wheraas,  all  the  preeedinff  remarks  were 
made  on  the  supposition  thai  cdd  is  merely  a  negative  quality  arising  from 
the  diminution  of  heat  Nor  is  the  foregoing  experiment  in  the  least  degree 
incwnsistent  s^fh  soch  an  opinion:  on  the  contrary,  it  is  readily  accounted 
for  by  the  theory  of  Prevost,  and  might  have  been  anticipated  bv  its  applica- 
tion. The  thermometer,  in  frot,  has  its  temperature  lowered,  because  it 
emits  more  rays  than  it  receives;  and  it  rises  when  the  ice  is  removed,  be. 
cause  it  then  receives  a  number  of  calorific  rays  radiated  bjr  the  warmer 
surrounding  objects,  which  were  intercepted  by  the  ice  while  it  was  in  the 
focus.* 

An  elegant  application  of  this  theory  was  made  Ir^  Dr.  Wells  to  account 
for  the  Im-mation  of  dew.  The  most  copious  deposite  of  dew  takes  place 
when  the  weather  is  dear  and  serene ;  and  the  substances  that  are  covered 
with  it  are  always  colder  than  the  contiguous  strata  of  air,  or  than  those 
bodies  on  which  dew  is  not  deposited.    In  fiiet,  dew  is  a  deposition  of  water 

*  In  exphuning  the  experiment  of  the  apparent  radiation  6£  cold,  it  is 
necessary  to  distinguish  two  cases  in  which  the  equilibrium  of  temperature 
is  disturbed;  Ist,  where  a  body  is  raised  above  the  temperature  of  the  sur- 
rounding medium ;  and  2d,  where  it  is  below  the  temperature  of  such  me- 
dium. If  a  thermometer,  after  being  heated  to  the  boiling  point,  be  held  in 
the  air,  it  immediately  coromeoces  to  project  its  caloric  into  the  surrounding 
colder  medium.  I^  however,  we  hold  a  ball  of  snow  near  the  bulb  of  a 
thermometer  which  has  been  standing  in  a  temperate  apartment,  the  mer- 
cury frlls,  not  because  the  caloric  is  projected  from  the  instrument,  but 
rather  bemuse  the  caloric  is  drawn  into  the  snow.  The  calcific  tension  of 
the  space  occupied  by  the  snow  is  diminished,  and  the  caloric  of  the  sur- 
rounding medium  »  drawn  in  by  what  mi|j^ht  be  conveniently  called  calori- 
fie  induction.  The  efiect,  at  first,  ia  felt  in  the  immediate  vicinity  of  the 
cold  body,  and  is  thence  propagated  in  rirht  lines  suooessively  to  greater 
and  greater  distances.  If  Iheee  views  be  admitted  as  correct,  it  will  not  be 
difficult  to  conceive  how  the  direction  of  this  motion  of  caloric  by  induction 
may  be  changed  by  the  interposition  of  mirrors.  There  can  be  little  doubt, 
that  caloric  constitutes  a  medium  which  pervades  all  space,  and  that  rows 
of  calorific  particles  in  right  lines  most  exist  in  every  conceivable  direction. 
In  the  experiment  cited  in  the  text,  the  ice  in  the  focus  of  one  mirror  pro- 
duces,  by  induction,  a  deficiency  of  caloric  in  its  surfiioe ;  a  number  of  pre- 
existing rays  are  drawn  into  the  ioe,  which  are  continuous  with  an  equal 
number  parallel  vrith  the  axis  of  the  mirror.  Let  it  be  supposed  that  a  par- 
ticular  row  of  particles  is  put  in  motion  by  induction,  it  is  dear  that  a  de- 
ficiency of  caloric  will  be  the  consequence  at  some  point  on  the  surface  of 
the  mirror.  Thi0  cannot  be  supplied  by  the  mirror  itself!  and  hence  it  will 
be  made  up  by  the  first  particle  in  the  continuous  paralld  row.  This  pro- 
duoes  an  Induction  in  the  paralld  row,  which  results  in  creating  a  deficiency 
of  calorie  in  some  point  of  the  surface  of  the  second  mirror.  Rnatty,  a 
similar  indnctioii  of  caloric  b  created  in  the  corresponding  row  of  particles, 
leading  to  the  focus  of  the  second  mirror  where  the  thermometer  is  placed, 
which  necessarily  indicates  a  reduction  of  temperature.  In  this  vray  we 
diink  the  experiment  of  the  radiation  of  edd  may  be  explained,  without  the 
^id  of  M.  Prevest*s  Uieory,  whieh  we  oonodve,  on  tiie  whde,  to  be  less  sim- 
pie  than  UmI  of  M.  Pioteb— £d. 

a 
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pwfiourfy  exkUof  in  the  ftir  w  ftpoor,  tad  wUeh  Iomi  Hi  pMooi  furm 
onlj  in  ooMeqoraoe  of  beinr  cbttted  br  oontaet  with  eolder  bodies.  In 
■peealmting,  ther^Rire,  aboot  ue  c«iw  of  this  pheiioiiMiioii,-the  chief  object 
is  to  discover  the  cense  of  tlie  redaction  of  temperetiire.  The  exphnstioa 
proposed  by  Dr.  Wells,  in  his  ezoeUent  TresUse  on  Dew,  and  now  slaaost 
nniversslly  adopted,  is  founded  on  the  theory  of  Prerost  If  it  be  admitted 
tliat  bodies  radiate  at  all  times,  their  teroperatore  can  remain  stationary  only 
by  their  receiving'  from  surrounding  objects  as  many  rajrs  as  they  emit; 
and  should  a  substance  be  so  situated  that  its  own  radiation  may  continue 
uninterruptedly  without  an  equivalent  being  returned  to  it,  its  temperature 
must  neoesHirily  iall.  Such  is  believed  to  be  the  condition  of  the  ground  io 
a  calm  starlight  evening.  The  calorific  rays  which  are  then  emitted  by 
substances  on  the  sur&ce  of  the  earth,  are  dispersed  through  free  space  and 
lost :  nothing  is  present  in  the  atmosphere  to  exchange  rays  with  them,  and 
their  temperature  consequently  diminishes.  If,  on  the  contrary,  the  weather 
be  cloudy,  the  radiant  heat  proceeding  from  the  earth  is  intercepted  by  the 
douds,  an  interchange  is  establiehed,  and  the  ground  retains  nearly,  if  not 
quite,  the  same  temperature  as  the  adjacent  portions  of  air. 

All  the  Acts  hitherto  observed  concerning  the  formation  of  dew,  tend  to 
confirm  this  explanation.  It  is  found  that  dew  is  deposited  sparingly  or  not 
at  all  in  doody  weather ;  that  aU  circumstances  which  promote  trM  radia- 
tion are  fiivourable  to  iti  deposilion;  that  good  radiatora  of  heat,  each  as 
grass,  wood,  the  leaves  of  plants,  the  filamentous  substances  in  general,  re- 
duce their  temperature,  in  fiivourable  states  of  the  weather,  to  an  extent  of 
ten,  twelve,  or  even  fifteen  degrees  below  that  of  the  circumambient  air; 
and  that  while  these  are  drenched  with  dew,  pieces  of  polished  metal,  smooth 
stones,  and  other  imperfect  radiators,  are  barely  moistened,  and  are  nearly 
as  warm  as  the  air  in  their  vicinity. 

COOLING  OF  BODIES. 

It  appean  from  tlie  preceding  remarks  on  the  transmission  of  heat,  that 
the  cooling  of  bodies  takes  place  by  two  very  diiTerent  methods.  When  a 
hot  body  is  enveloped  in  solid  substances,  its  beat  is  withdrawn  solely  by 
means  of  communication,  and  the  velocity  of  cooling  is  dependent  on  the 
conducting  power.  The  refrigeration  is  effected  in  a  similar  manner  when 
the  heated  body  is  immersed  in  a  liquid;  but  tlie  velocity  of  cooling  depends 
partly  on  the  conducting  power  of  tlie  liquid,  and  partly  on  the  mobility  of 
its  particles.  In  elastic  fluids  the  cooling  takes  place  both  by  communica- 
tion and  radiation :  and  in  a  vacuum  it  is  produced  solely  by  radiation. 

The  term  veloeiiy  of  cooling  above  employed,  signifies  the  number  of  de> 
grees  lost  by  a  hot  body  during  equal  intervals  of  tiroe^  as  one  minute  or 
one  second ;  and  by  the  law  of  cooling  is  meant  the  relation  which  the  velo- 
cities of  cooling  bear  to  each  other.  The  first  attempt  to  6x  the  law  of 
coolinff  was  by  Newton.  Observing  that  tbe  velocity  of  coofing  in  a  hot 
body  diminishes  continually  as  the  excess  of  its  temperature  £clines,  he 
conceived  that  the  heat  lost  during  each  interval  of  time  was  a  constant 
fraction  of  its  excess  of  heat  at  the  beginning  of  that  interval.  Thus,  if  a 
body,  heated  to  1000  degrees  above  the  temperature  o^  the  surrounding  air, 
were  to  lose  1-lOth  of  that  excess,  or  100  degrees,  during  the  first  second, 
he  thought  it  would  lose  1-lOth  of  the  remaining  900,  or  90  degrees,  during 
the  next  second,  and  l-lOth  of  the  residual  810,  or  61  degrees,  during  the 
third  second;  so  that  the  number  of  degrees  lost  during  the  first  Ave  seeonds 
would  be  100,  90,  81,  73^,  and  65*6.  These  numben  would,  therefore,  de. 
noto  the  velocity  of  cooling  during  each  succeeding  second ;  and  on  exam- 
ining their  mutual  relation,  it  is  obvious  that  they  constitute  a  geometric 
progression,  of  which  II 11  is  the  ratio.  For  65*6  x  I'lH  «  73-9,  65H» 
X  (Mil)*  8  80-98«  fiS-fi  X  (Mil)'  »  89*96,  dtc.;— tlie  property  of  a 
geometrioal  series.  As  this  view  appeared  to  be  consistent  with  actual  oh- 
servation,  Newton  inferred  as  a  general  law  of  cooling,  that  while  the  times 
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ef  cooling'  iorm  tn  ■ritfanwcteal  Mrin,  (be  veloeitieo  of  oooiing  are  in  m  g«o- 
ntinc  pragTMUon. 

This  mbjecl  has  teco  ezperiiMDtaHy  in^eatifated  with  remarkable  info. 
nnitj  and  suooeaa  1^  Dulong  and  Petit  (An.  of  Phi),  xiii,  113.)  Thoy 
have  dencMMtrated  that  Newtoo's  law  of  refrineration  may  be  adopM  with- 
ont  naterial  error  when  a  body  is  but  slightly  hotter  than  the  smfoonding 
medivm,  audi  the  whole  decrease  of  its  temperatore  ii  ioeonsiderable;  bet 
when  the  rmage  of  eoding  is  extensive,  or  the  original  excess  of  hcet  was 
great,  the  Um  is  fimnd  to  he  very  defeettve.  They  have  examined,  with  eon- 
'  i  skill,  the  varioos  oircinnstanoes  hy  which  the  cooling  of  a  hot  body 


in  a  vaoanm,  and  when  anneanded  by  an  elastic  fluid,  is  iofloenoed ;  bet 
Cheir  inqairy  is  too  mathematical  and  ahotmse  for  the  porpoaes  of  an  elsr 
mentary  treatiae. 

EFFECTS  OF  HEAT. 

The  pthenooiena  that  maj  be  ascribed  to  this  agent,  and  which  ma]r, 
thereibre,  be  enomerated  as  its  effects,  are  namerous.  With  respect  to  ani- 
mals, it  is  the  cause  of  the  feelinup  of  cold,  agreeable  warmth,  and  burning, 
according  to  its  intensity.  It  excites  the  system  powerfully,  and  without  a 
certain  degree  of  it  the  vital  actions  would  entirely  cease.  Over  the  vegeta- 
ble world  its  influence  is  obvious  to  erverj  eye.  By  its  stimulus  co-operating 
with  air  and  moisture,  the  seed  bursts  its  envelope  and  yields  a  new  plant, 
the  beds  open,  the  leaves  expand,  and  the  fruit  arrives  at  maturity.  With 
the  decUmng  temperature  of  the  seasons  the  circulation  of  the  sap  ceases, 
and  the  plant  lemains  torpid  till  it  \b  again  excited  by  the  aflmulus  of  heat. 

The  dimensions  of  every  kind  of  matter  are  regulated  by  this  princifde. 
Its  increase,  with  few  exceptions,  separates  the  particles  of  bodies  to  a 
greater  distance  from  each  other,  producing  expansion,  so  that  the  same  quan- 
tity of  mailer  is  thus  made  to  occupy  a  larger  space;  and  the  diminution  of 
heat  has  an  oppoc&te  efiect  Were  the  repulsion  occasioned  by  this  agent  to 
cease  entirely,  the  atoms  of  bodies  would  come  into  actual  contact 

The  &rm  of  bodies  is  dependent  on  heat  By  its  increase  solids  are  con- 
verted  into  liquida,  and  Uauds  are  dissipated  in  wpour ;  by  its  decrease  va- 
pours are  condensed  into  liquids,  and  these  become  solid.  If  matter  ceased 
to  be  under  the  influence  of  heat,  all  liquids,  vapours,  and  doubtless  even 
gases,  would  become  permanently  solid ;  and  all  motion  on  the  surfiuie  of 
the  eailh  would  be  arrested. 

When  heat  is  accumulated  to  a  certain  extent  in  bodies,  they  shine  or  be- 
come  tacandescent  On  this  important  property  depend  all  our  metliods  of 
artificial  iUamination. 

Heal  exerts  a  powerful  influence  over  chemical  phenomena.  There  is,  in- 
deed,  scarcely  any  chemical  action  which  is  not  in  some  degree  modified  by 
this  principle;  and  hence  a  knowledge  of  its  laws  is  indispensable  to  tM 
chemist  By  its  meana  bodies  previously  separate  are  made  to  combine,  and 
the  elements  of  compounds  are  disunited.  An  undue  proportion  of  it  ia 
destructive  to  all  organic  and  many  mineral  compounds ;  and  it  is  essentially 
concerned  in  combustion,  a  process  so  necessary  to  the  wants  and  comforts 
of  man. 

Of  the  various  efiects  of  heat  above  enumerated,  several  will  be  discussed 
in  other  psrts  of  the  work.  In  this  place  it  is  proposed  to  treat  only  of  its 
influence  over  the  dimensions  and  form  of  bodies,  a  subject  which  will  be 
conveniently  studied  under  the  three  heads  of  expansion,  liquefaction,  and 
vaporixation. 

EXPANSION. 

One  of  the  most  remarkable  properties  of  heat  u  the  repulsion  whichex- 
)rts  among  its  particles,  a  property  which  enables  it,  on  entering  mto  a  body, 
to  lemove  the  integrant  moteculea  of  the  sobstsnoe  to  a  greater  distanee 

«i  each  other.    The  bod^,  Uierefiire,  becomes  less  compact  than  belbr 
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cMeoiiiHi  m  gTMtor  qnoe,  or,  ia  other  wonli*  aptiMb.  lliii  oAM  of  hmfl 
is  opposed  to  oohee ion — that  foree  which  tends  to  make  the  particles  €£  mat- 
ter appranmate,  aad  mbudi  nmst  be  oreroome  befiNne  any  ezpaasion  can 
ensae.  It  may  be  expected,  therefore,  that  a  small  addition  of  heat  will  oc- 
casion a  small  expansion,  and  a  {greater  addition  of  heat  a  i^reater  expansioD  ; 
because  in  the  latter  case,  the  cohesion  will  be  men  orereone  than  in  the 
fermer.  It  may  be  anticipated,  also,  that  whenever  heat  passes  ont  of  a  body, 
the  cohesion  being  then  left  to  act  freelr,  a  contraction  will  necessarily  fot- 
low ;  so  that  expansion  is  only  a  transient  efieot,  occasioned  solely  bT  the 
aecomnlation  of  heat  It  fblfows,  moreover,  from  this  view,  that  heat  sbonld 
prodace  the  matest  expansion  in  those  bodies  which  are  least  inflnenced  bj 
cohesion,  an  mference  fully  justified  h^  observation.  Thus  the  fbroe  of  co- 
hesion  is  greatest  in  solids,  less  in  liquids,  and  least  of  all  in  aiiiferm  sub- 
stances ;  while  the  expansion  of  solids  is  trifling,  that  of  liquidB  much  more 
oonsiderable,  and  that  of  elastic  fluids  far  greater. 

It  may  be  laid  down  as  a  rule,  the  reason  of  which  will  now  be  obvious, 
that  all  bodies  are  expanded  by  beat,  and  that  the  expansion  of  the  same 
body  increases  with  the  quantity  of  heat  which  enters  it  But  this  law  doea 
not  apply,  unless  the  form  and  chemical  constitution  of  the  body  be  pre- 
served. For  if  a  change  in  either  be  occasioned,  then  the  reverse  of  ex- 
pansion may  ensue ;  not,  however,  as  the  direct  consequence  of  an  aug- 
mented temperature,  but  as  the  result  of  a  change  in  form  or  composition. 

|n  proof  of  the  expansion  of  solids,  we  need  only  take  the  exact  dimen- 
sions in  length,  breadth,  and  thickness,  of  anv  substance  when  cold,  and 
measure  it  again  while  strongly  heated,  when  it  will  be  found  to  have  in- 
creased in  every  direction.  A  familiar  demonstration  of  the  fact  may  be 
afforded  by  adapting  a  ring  to  an  iron  rod,  the  former  being  just  large  enough 
to  permit  the  latter  to  pass  through  it  while  cold.  The  rod  b  next  heated, 
and  will  then  no  longer  pass  through  the  ring.  This  dilatation  from  heat 
and  consecfuent  contraction  in  cooling  takes  place  with  a  force  which  appears 
to  be  irresistible. 

The  expansion  of  solids  has  engaged  the  attention  of  several  experimenters, 
whose  efforts  have  been  chiefly  directed  towards  ascertaining  the  exact 
quantity  by  which  different  substances  are  lengthened  by  a  given  increase 
of  heat,  and  determining  whether  or  not  their  expansion  is  equable  at  dif- 
ferent temperatures.  'Ae  Philosophical  Transactions  contain  various  dis. 
sertations  on  the  subject  by  EUicot,  Smeaton,  Trooghton,  and  General  Roy ; 
and  M.  Biot,  in  his  TVaUi  de  Phynque^  has  given  the  results  of  experiments 
performed  with  groat  care  by  Lavoisier  and  Laplace.  Their  experiments 
establish  the  following  points : — 1.  Different  solids  do  not  expand  to  the  same 
degree  from  equal  additions  of  heat  3.  A  body  which  has  been  heated  from 
the  temperature  of  freezing  to  that  of  boiling  water,  and  again  allowed  to 
cool  to  dQ9  F.,  recovers  precisely  the  same  volume  which  it  possessed  at  first. 
3.  Tlie  dilatation  of  the  more  permanent  or  infusible  solids  is  very  uniform 
within  certain  limits ;  their  expansion,  for  example,  fh>m  the  freezing  point 
of  water  to  12S9,  is  equal  to  what  takes  place  betwixt  123^  and  fi\Q9,  'The 
subsequent  researches  of  Dolonr  and  Petit,  (An.  de.  C.  et  de  P.  vii.)  prove 
that  solids  do  not  dilate  uniformly  at  high  temperatures,  but  expand  in  an 
increasing  ratio;  that  is,  the  higher  the  temperature  beyond  213^  the  greater 
the  expansion  for  equal  additions  of  heat  It  is  manifest,  indeed,  from  their 
experiments,  that  the  rate  of  expansion  is  an  increasing  one  even  between 
^9  and  312<' ;  but  the  differonces  which  exist  within  this  small  range  are 
so  inconsiderable  as  to  escape  observation,  and,  therefore,  for  most  practical 
purposes  ma^  be  disregarded. 

The  subjomed  table  includes  the  most  interesting  results  of  Lavobier  and 
hKfhce.  (Biot,  vol  1.  p.  158.) 
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EbngMlton  when  heafAcI 


Glajss  tube  without  lead,  a  mean  of 

three  specuoens 
English  flint  ^ass 
Copper 

Brass— mean  of  two  specimens    - 
Soft  iron  forged    - 
Iron  wire  .  -  . 

Unten^iered  steel 
Tempered  steel 
Lead 

Tin  of  In<ia 
Tin  of  Falmoatit 
Silver 

G<dd — ^mean  of  three  specimens 
Platinum,  determined  by  Borda    - 

Knowing  the  «2ooratioB  of  amy  substance  for  a  given  number  of  degrees 
•f  the  tberraanieler,  its  total  increase  in  bulk  may  in  general  be  calcJated 
hj  tiebUng  the  number  which  expresses  its  increase  in  length.  Thus  if  a 
lube  of  fStki  glass  elongates  by  _  i  -^  when  heated  from  the  fieezing  to  the 


nVj  <^i^  length. 

jfr 
t4t 

rlT 
rb 

fir 

ttVt 


boiling  point  of  water,  its  cubic  space  will  have  increased  by  j^^  or  ^X^ 
of  Its  fiirmer  capacity.  Strictly  speaking  this  rule  is  not  exact;  but  when 
the  expansion  of  an^  substance,  corresponding  to  the  observed  increase  of 


tnnperatnre,  is  a  minute  fractum  of  its  volume,  the  formula  may  be  applied 
with  safety.    The  error  is  then  so  small  that  it  may  be  disregarded.* 

The  eyanaion  of  glas^  iron,  oopperii  and  platinum,  has  been  particularly 
investigated  by  M  M.  Dnlong  and  Petit  The  following  table  contains  the 
result  of  their  observations  on  glass.  (An.  de  Ch.  et  de  Ph.  viL  13a)  It 
ajipeazs  fi'om  the  third  ookimn  uat  at  temperatures  beyond  212^,  glass  ex- 
puids  in  a  greater  ratio  than  mercury. 


Temperatnra   by   an 
air  thermometer. 

Mean  abwlute  dila. 
tatioD   of   glass  Ibr 
each  degree. 

Temperatare    by    a 
itaermometer  oiade  of 
glam. 

Fakr. 

From  82*  to  212^ 

32  to  392 

32  to  672 

Fahr. 

Fate. 
212*' 
415.8 
667.2 

The  second,  fourth,  and  sixth  odumns  of  the  foUowing  table  show  the 
mean  total  expansion  of  iron,  copper,  and  platinom,  when  heated  from  3S^ 
to  313^  and  from  39<^  to  57S<>,  for  each  degree.    The  third,  fifth,  and  se. 


*  The  reason  of  this  is  easily  exphdned  on  geometric  principles.  Let  1  be 
the  length  of  a  cold  metallio  bar,  and  «  iu  volume  or  soUdit^ ;  let  l^^^  ^ 
its  len|^  when  heated,  and  t^  its  volume  in  that  state.  As  its  breadth  and 
tfaiekness  increase  in  tlM  same  proportion  as  its  length,  the  enanded  bar 
will  have  precisely  the  same  figuro,  that  is,  the  sasae  proportion  of  its  dimen- 
sions, as  the  odd  one;  and  since,  by  Ekiclid,  the  solidity  of  similar  figutas 
is  as  the  cnbe  of  hoBM>k)gons  sides,  it  foUows  that  vt  v' : ;  1 :  (l-f-*)'  or 
l+dd-^-M^+di.  When,  in  solids,  liquids,  or  gases,  dhappena  to  be  a  very 
nail  fraetion.  d»  and  even  dd*  am  extremely  minute,  and  may  hence  be 


I  firaeiion,  d»  and  even  dd*  am  extremely  minute. 
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Tenth  Mlaffliia  iadioato  the  degreM  cm  a  thermooMlBr  of  iroB^  eopper,  and 
|»Utuiiiiii,  oorretpondiiif  to  a  teroperatura  of  573^  on  an  air  Uwroiometer.  It 
18  obviona  that  platinum  ia  much  more  uaiibrm  in  ila  ezpanaioQ  than  either 
of  the  othermetaJa. 


Mean  Oil. 
of  iron  in 
volame  for 
each  defiM. 


Temp, 
iron      rod 


Mean  diiat.Temp.  hy 
of  platinum  ptatinnm 
i n  volume  for  rod  tfaer- 
meier. 


Temp,  by 
air  tber- 
mometer. 


Fabr. 
212° 
672*' 


Fahr. 

nmnr 

TJTiTW 


ter. 


Mean  dilat. 
of  copper  in 
▼olume  for 
each  degree. 


Fahr. 

212° 
702.6 


fsmp.  by 
copper  rod 
thermome 
ter. 


Fabr. 


Fabr. 

212° 
623.8 


Fahr. 
fTTTT 
T7 


hjf 


Fahr. 
212° 
592.9 


The  ezpanaion  of  liquida  ia  readily  proved  by  putting  a  common  thermo- 
meter,  made  with  mercurj  or  alcohol,  into  warm  water,  when  the  dilatation 
of  the  liquid  will  be  ahown  by  ita  aaoent  in  the  stem.  The  experiment  ia  in- 
deed illuttrative  of  two  other  facts.  It  proves,  first,  that  the  dilatation  in- 
creases  with  the  temperature;  for  if  the  thermometer  be  plunged  into  several 
portions  of  water  heated  to  different  degrees,  the  ascent  will  be  greatest  in 
the  hottest  water,  and  leaat  in  the  coolest  portions.  It  demonstratea,  se- 
condly, that  liquida  expand  more  than  solids.  The  glass  bulb  of  the  thermo- 
meter  is  itself  expanded  by  the  hot  water,  and,  therefere,  is  enabled  to  contain 
more  mercury  than  before;  but  the  mercury  being  dilated  to  a  much 
greater  extent,  not  only  occupies  the  additional  space  in  the  bulb,  but  like- 
wiae  rises  in  the  stem.  Its  ascent  marks  the  difference  between  its  own  dila- 
tation  and  that  of  the  glaas,  and  is  only  the  apparent,  not  the  actual,  expan- 
aion  of  the  liquid. 

Different  liquids  do  not  expand  to  the  same  degree  fh>m  an  equal  increase 
of  temperature.  Alcohol  expands  much  more  than  water,  and  water  than 
mercury.  From  the  freq[uency  with  which  the  latter  is  employed  in  philo- 
sophical experiments,  it  is  important  to  know  the  exact  amount  of  its  expan- 
sion.  This  subject  has  been  investigated  by  several  philosophers,  but  the 
experiments  of  LAvoisier  and  Laplace,  and  especially  or  Dulong  and  Petit, 
from  the  extreme  care  with  which  they  were  made,  are  entitled  to  the 
greatest  confidence.  According  to  the  former,  the  actual  dihitetion  of  mer- 
cury,  in  passing  from  the  fireeuog  to  the  boiling  point  of  water,  amounte  to 
fWy  of  ite  volume;  but  the  result  obtained  by  Dulong  and  Petit,  who  found 
it  T^^HM  ^  probably  still  nearer  the  truth.  Adopting  the  last  estimate,  this 
metal  dilates,  for  every  dome  of  Fahrenheit's  thermometer,  t^Vbt  of  ^he 
bulk  which  it  occupied  at  tne  temperature  of  32°.  If  the  barometer,  for  in- 
atence,  stand  at  30  inches  when  the  thermometer  is  at  32^,  we  may  calcu- 
late  what  ite  elevation  ought  to  be  when  the  latter  ia  at  60®,  or  at  any  other 
temperature.*    The  apparent  expansion  of  mercury  contained  in  glass  is  of 

*  The  pressure  exerted  by  equal  columns  of  a  fluid,  or  fluids,  is  as  the 
denaity  of  the  columns;  and  as  the  density  of  mercury  diminishes  with  in- 
crosae  of  temperature,  it  follows  that  a  30.inch  column  of  mercury  at  32^  F. 
has  a  greater  weight,  or  presses  more,  tlian  a  mercurial  column  of  equal 
base  and  height  at  60^.  It  is  hence  necessary,  in  estimating  atmospheric 
pressure  by  the  barometer,  either  to  have  the  mercurial  column  always  at 
the  same  temperature,  or  to  correct  the  error  arising  from  difference  of  tem- 
perature  by  calculation.  This  correction  is  effected  by  finding  the  length  or 
neight  of  a  mercurial  column  at  some  standard  temperature,  aa  at  60^,  which 
shau  exert  the  same  pressure  as  another  column  at  any  other  temperature. 
The  formula  ia  thua  ooduoed  :— Let  H,  D,  V,  be  the  height,  denaity,  and  vo- 
looae  of  a  mercurial  column  at  XiP;  and  H',  IX,  V^  ite  height,  density,  and 
volume  when  the  temperature  rises  above  33^  by  any  number  of  degTees.ex. 
pressed  by  1*.    Now  it  is  a  principle  in  hydroatatioa  that  the  height  of  fluid 

oolumna  of  equal  pressure  is  inversely  aa  their  denaity,  so  that  jF'^'n  *  ^^ 
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IsM  than  the  mbMlots  ezptntioo.  Betwrnn  the  finite  of  3fi^  end 
S12^  F.  Lavoisier  and  Laplace  estimate  the  apparent  expansion  at  -^^t  and 
DuIoDgr  and  Petit  at  ■g^,j  of  its  volume,  being  tt Jr?  for  each  degree  of 
FahrenheiCs  thermometer.  Dulong  and  Petit  state,  that  the  mean  total  ex- 
pansion of  Diercnrj  from  dQ9  to  572^  F.  for  each  degree  it  0/4^  ;  and  that 
the  mean  apparent  expansion  in  glass  from  32^  to  572°  F.  for  each  degree  ia 
TY^Tf  •  The  temperatnre  in  their  experiments  was  estimated  bj  an  air 
thermometer,  which  they  consider  more  uniform  in  its  rate  of  expansion 
than  one  of  mercury.  The  temperature  of  572°  F.  on  the  air  thermometer 
corresponds  to  5SSP  in  the  mercurial  one. 

All  experimenters  agree  that  liquids  expand  in  an  inereasing  ratio,  or  that 
equal  increments  of  hoLt  cause  a  greater  dilatation  at  high  thim  at  low  tem- 
peratures. Thus,  if  a  fluid  is  heated  from  32^^  to  122°,  it  will  not  expand  so 
mneh  as  it  would  do  in  being  heated  from  122^  to  f^lft^,  though  an  equal 
number  of  d^reeo  ii  added  in  both  cases.  In  mercury  the  first  expansion, 
according  to  Deluc,  is  to  the  second  as  14  to  15 ;  in  dive  oil  as  ISA  to  15 ;  in 
alodiol  as  10.9  to  15 ;  and  in  pure  water  as  4.7  to  15.  Attempts  have  been 
made  to  discover  a  law  by  which  this  progression  is  regulated,  and  Dalton 
conoetves  that  the  expansion  observes  the  ratio  of  the  square  of  the  tempera- 
ture estimated  from  the  point  of  congelstioo,  or  of  greatest  density  phut  this 
opinion  is  merely  hypothetical,  and  has  been  shown  by  Dulong  and  Petit  to 
be  inoonsistont  with  the  facts  esteblished  by  their  experimente. 

There  is  a  peculiarity  in  the  effect  of  heat  upon  the  bulk  of  some  fluids; 
namely,  that  at  a  certain  temperature  increase  of  heat  causes  them  to  contract, 
and  ite  diminution  nydces  them  expend.  This  singular  exception  to  the  ge- 
neral eSect  oi  beat  is  only  observable  in  thoee  liquids  which  acquire  an  m- 
crease  ot  bulk  in  passing  from  the  liquid  to  the  solid  state,  and  is  remarked 
only  within  a  fbw  degrees  of  temperature  above  their  point  of  congelation. 
Water  is  a  noted  example  of  it  Ice,  as  ever?  one  knows,  swims  upon  the 
surface  of  water,  and,  therefore,  roust  be  lighter  than  it,  which  is  a  con- 
vincing proof  that  water,  at  the  moment  of  freezing,  must  expand.  The  in- 
crease  is  estimated  by  Boyle  at  about  7th  of  its  volume,  which  gives  900  as 
the  specific  gravity  of  ice,  that  of  water  being  1000.  (Elxperimente  on  Cold.) 
Balton  estimates  the  specific  gravity  of  ice  at  9.42. 

The  most  remarkable  circumstance  attending  tliis  expansion,  is  the  prodi- 
p;iou8  force  with  which  it  is  efiected.  Boyle  filled  a  brass  tube,  three  inches 
m  diameter,  with  water,  and  confined  it  by  means  of  a  moveable  plug ;  the 
expansion,  when  it  froze,  took  place  with  such  violence  as  to  push  out  the 
plug,  though  preserved  in  ite  situation  by  a  weight  equal  to  74  pounds.  The 

V    jy 

since  the  volume  of  the  same  liquid  is  also  inversely  as  ite  density,  yT*"!). 

H     V 
Consequently,  the  heighto  are  directly  as  the  volumes,  or  |p=y7*    Since, 

therefore.  V'=V+VXjj55'.oisH'«H+HX5^=H.   (l+^)-H. 

(^^^^^^).    The  value  of  H.  is,  of  course,  found  by  the  formuU  HaH' 

/      9990      V 

(  99SMU-1^)'  ^*">^^«^'n"«l<^^H',  we  substitute  for  H  and  r  their  va- 

lue  as  stated  in  the  text,  we  shall  find  H'»30.    (^99^^)^30-084,  which 

is  the  leneth  of  a  mercurial  column  at  flO^,  having  the  same  pi«issuiu  as  a 
odoBm  of  mercury  at  32^. 

The  rate  of  the  actual  and  not  apparewt  expansion  is  used  in  these  for- 
mubr,  because  the  length  of  the  mercurial  column,  depending  on  atmo- 
spheric pressorei  is  notafTocted  by  the  expansion  or  oontractton  of  the  tube. 


floranliiia  AeademieUiu  bant  a  hoUow  briM  globe,  wHom  caviif  wu  only 
an  inch  in  diameter,  by  freexing  the  water  with  which  it  wai  fiUed ;  and  it 
has  been  estimated  that  the  expansive  power  necessary  to  produce  such  an 
effect  was  equal  to  a  pressure  of  27,720  pounds  weight  Major  Williama 
gave  ample  confirmation  of  the  same  fact  by  some  experiments  which  he 
perfimned  at  Quebec  in  the  yean  1784  and  1785.  (Philosophical  Transac- 
tions of  Ed.  ii.  23.) 

But  it  is  not  merely  during  the  act  of  congelation  that  water  expands ; 
fer  it  begins  to  dilate  considerably  before  it  actually  freexes.  Dr.  Croune  no- 
ticed this  phenomenon  so  early  as  the  year  1683,  and  it  has  since  been  ob^ 
serred  by  various  philosophers.  It  may  be  rendered  obvious  to  any  one  by 
the  following  experiment  Fill  a  flask,  capable  of  holding  three  or  four 
ounces,  with  water  at  the  temperature  of  60^,  and  adapt  to  it  a  cork,  through 
which  passes  a  glass  tube  open  at  both  ends,  about  the  eighth  of  an  inch 
wide,  and  ten  inches  long.  After  having  filled  the  flask,  insert  the  cork  and 
tube,  and  pour  a  little  water  into  the  latter  till  the  liquid  rises  to  the  middle 
of  it  On  immersing  the  flask  into  a  mixture  of  pounded  ice  and  salt,  the 
water  will  fall  in  the  tube,  marking  contraction ;  but  in  a  short  time  an  op- 
posite movement  will  be  perceived,  indicating  that  dilatation  is  taking  place, 
while  the  water  within  the  flask  is  at  the  same  time  yielding  heat  to  the 
freezing  mixture  in  which  it  ii  immersed. 

To  the  inference  deduced  from  this  experiment,  it  was  object  by  some 
philosophers,  that  the  ascent  of  the  water  in  the  tube  did  not  arise  from  any 
expansion  in  the  liquid  itself,  but  from  a  contraction  of  the  flask,  by  which 
its  capacity  was  diminished.  In  fact,  this  cause  does  operate  to  a  certain  ex- 
tent,  but  it  is  by  no  means  sufficient  to  account  for  the  whole  effect;  and, 
eocoidingly,  it  has  been  proved  by  an  elegant  and  decisive  experiment  of  Dr. 
Hope,  that  water  does  really  expand  previous  to  congelation.*  He  believes 
the  greatest  density  of  water  to  be  between  thirty-nine  and  a  half  and  forty 
degroes  of  Fahrenheit's  thermometer;  that  is,  boilinsr  water  obevs  the  usuid 
law  till  it  has  cooled  to  the  temperature  of  about  40°,  after  which  the  ab- 
straction  of  heat  produces  increase  instead  of  diminution  of  volume.  Ac- 
cording to  Hallstrom,  whose  experiments  are  the  most  recent,  and  appear  to 
have  been  conducted  with  great  care,  the  maximum  density  of  water  is 
39.39*^  F.    (An.  de  Ch.  et  de  Ph.  xxviii.  90.) 

The  canae  of  the  expansion  of  water  at  the  moment  of  freezing  is  attri- 
buted to  a  new  and  peculiar  arrangement  of  its  particles.  Ice  is  m  reality 
crystallized  water,  and  daring  its  formation  the  particles  arrange  themselves 
in  ranks  and  lines,  which  cross  each  other  at  angles  of  60^  and  120°,  and 
consequently  occupy  more  space  than  when  liquid.  Thii  may  be  seen  by 
examinitig  the  surface  of  water  while  freezing  in  a  saucer.  No  very  satis- 
factory reason  can  be  assigned  for  the  expansion  which  takes  place  previous 
to  congelation.  It  is  suppled,  indeed,  that  the  water  begins  to  arrangre  itself 
in  the  order  it  will  assume  in  the  solid  state  before  actually  laying  aside  the 
liquid  form ;  and  this  explanation  is  generally  admitted,  not  so  much  because 
it  has  been  proved  to  be  true,  but  because  no  better  one  has  been  offered. 

Water  is  not  Uie  only  liquid  which  expands  under  reduction  of  tempera- 
ture, as  (he  same  effect-  has  been  observed  in  a  few  othera  which  assume  a 
highly  crystalline  structure  on  becoming  solid; — ^fused  iron,  antimony,  zinc, 
and  bismath  arc  examples  of  it.  Mercury  is  a  remarkable  instance  of  the 
reverse ;  for  when  it  freezes,  it  suffera  a  very  great  contraction. 

As  the  parUeles  of  air  and  airiform  substances  are  not  held  together  by 
cohesion,  it  follows  that  increase  of  temperature  must  occasion  a  considers- 
Ue  dilatation  of  them ;  and,  accordingly,  they  are  found  to  dilate  from  equal 
additions  of  heat  much  more  than  solids  or  liquids.  Now,  chemists  are  in 
the  habit  of  estimating  the  quantity  of  the  «ases  employed  in  their  experi- 
ments by  measuring  them ;  ancT  since  the  volume  occupied  by  any  gas  is  so 

*  Philosophical  Transactions  of  Edinborgh,  v.  379. 


nraefa  infloeooed  by  teapontDra,  it  is  eneiitial  to  accumej  that  a  due  eor. 
tecUan  be  made  for  the  TariatioDs  arisinn^  from  this  cause ;  that  they  ahoniM 
know  how  much  dilatation  it  produced  by  each  deg^ree  of  the  thermometer* 
whether  the  rate  of  expansion  is  uniform  at  all  temperatures,  and  whether 
that  ratio  is  the  same  in  all  gaaea. 

This  subject  had  been  unsuccessfully  investigated  by  several  philoeopbers, 
who  failed  m  their  object  chiefly  because  they  neglected  the  precaution  of 
dryings  the  gases  upon  which  they  operated ;  but  at  last  the  law  of  dilata- 
tlon  was  detected  by  Dalton  and  Gay-Lussac  nearly  at  the  same  time.  Dal- 
ton*s  method  of  operating  (Manchester  Memoirs,  vol.  v.)  was  exceedingly 
simple.  He  filled  with  dry  mercury  a  graduated  tube,  closed  at  one  end 
and  carefully  dried ;  and  then,  plunging  the  open  end  of  the  tube  into  a  mer- 
curial  trough,  introduced  a  portion  of  dry  air.  AAer  having  marked  the 
bulk  and  temperature  of  the  air,  he  exposed  it  to  a  gradually  increasing  heat, 
the  exact  amount  of  which  was  regulated  by  a  thermometer,  and  observed 
the  dilatation  occasioned  by  each  increase  of  temperature.  The  apparatus 
of  Gay-Luasac  (An.  de  Ch.  v.  43)  was  the  same  in  principle,  but  more  com. 
plicated,  in  consequence  of  the  precautions  he  took  to  avoid  every  possible 
source  of  &llacy. 

It  is  proved  by  the  researehes  of  these  philosophers,  that  all  gases  undergo 
equal  expansions  by  the  same  addition  of  heat,  supposing  them  i^aoed  under 
the  same  circumstances ;  so  that  it  is  sufficient  to  ascertain  the  law  of  ex- 
pansion observed  by  any  one  gas,  in  order  to  know  the  law  for  all.  Now  it 
appears  from  the  experiments  of  Gay-Lussac,  that  100  parts  of  air,  in  being 
heated  from  33^  to  212°  F.,  expand  to  137*5  parts.  The  increase  for  180  de- 
grees  is,  therefore,  0.375  or  i^^  ^  >^  ^^^  >  <^<^  ^  dividing  this  number 
by  180,  it  is  found  that  a  given  quantity  of  dry  air  dilates  to  -^Ij^  ^  the 
volume  it  occupied  at  32^^,  for  every  degree  of  Fahrenheit's  thermometer. 
The  resultofDalton's  experiments  corresponds  very  nearly  with  the  foregoing. 
This  point  being  established,  it  is  easy  to  ascertain  what  volume  any  given 
quantity  of  gas  should  occupy  at  any  given  temperature.  Suppose  a  certain 
portion  of  gas  to  occupy  20  measures  of  a  graduated  tube  at  32°,  it  may  be 
desirable  to  determine  what  would  be  its  bulk  at  42°.  For  every  degree  of 
heat  it  has  increased  by  -^j^th  of  its  original  volume,  and,  therefore,  since 
the  increase  amounts  to  ten  degrees,  the  20  measures  will  have  dilated  by 
^y^ths.  The  expression  will,  therefore,  be  204-20JI|^ss20-416.  It  must 
not  be  forgotten  that  the  volume  which  the  gas  occupies  at  32°  is  a  neces- 
sary  element  in  all  such  calculations.  Thus,  having  20*416  measures  of  gas 
at  42°,  the  corresponding  bulk  for  539  cannot  be  cakolated  by  the  formula 
20-4164.20*416x^1^;  Che  real  expression  is  204164.20x^<U  because  the 
increase  is  only  -^^ths  of  the  space  occupied  at  32°,  which  is  20  measures.* 

*  The  following  are  convenient  general  forrouIeB  for  these  calculations  :^ 
Let  P'  be  the  volume  of  gas  at  any  temperature  above  32°,  V  the  num. 
her  of  degrees  above  that  point,  and  F  its  volume  at  32°.    Then  P'acF. 

\l+ jgQ)=P*  ( — TO — ) ;  and  if  P  is  unknown,  its  value,  deduced  fwim 

the  last  equation,  may  be  calculated  from  the  formula  P=P'.  (^^    )* 

It  frequently  happena,  in  the  employment  of  Fahrenheit's  thermometer, 
thai  when  F  for  the  above  formuU  la  known,  it  is  not  P  itself  which  is 
wanted,  but  the  volume  of  gas  at  some  other  temperature,  as  at  60°  F.  This 
value  may  be  obtained  without  first  calculating  what  P  is.  Thus,  retain, 
ing  the  vafaw  of  F  and  T'  as  in  the  preceding  formula,  let  F'  be  the  com. 
•ponding  quantity  of  gas  at  some  other  temperature,  the  degrees  of  which 

•bote  38°  may  be  expressed  by  T".    Now  pr/^<^0^!)^p .  but  as  P 
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A  limiUr  remark  applies  to  the  fermaU  ibr  estimating  the  effeet  of  heal  on 
the  height  of  the  barometer. 

The  rate  of  expansion  of  atmospheric  air  at  temperatures  ezoeedinsr  UliP 
has  been  examined  bj  Dulong  and  Petit,  and  the  following  table  oontainsthe 
result  of  their  observations.    (An.  de  Ch.  et  de  Ph.  vii.  120.) 


Temperaturft  by  the 
Mercttnal  Thennometer. 

OomfpondiBf 

volumes  of  a 

liven  volume 

of  air. 

FabKDheit. 

Centigrsdc. 

—  33 
32 
212 
302 
392 
482 
572 
Mercnry  boils  680 

—  36 
0 
100 
150 
200 
250 
300 
360 

0.8650 
1.0000 
1.3750 
1.5576 
1.7389 
1.9189 
2.0976 
2.3125 

is  miknown,  let  its  value  in  F  be  substituted.    Thus,  P'ss(  — ^ — ^  x 
/  P'480  V       ....        ^,      480«  ^+480  T"  F    P'480(4804.T'0 
Km+V)'  ^'^"^  ^  °      4803+480  r      -48Q(480+r)  " 

P(4804-ro 

480+T'. 

Suppose,  for  example,  a  portion  of  gas  occupies  100  divisions  of  a  gradu- 
ated tube  at  48°,  how  many  will  it  fiU  at  60°  F.  ?  Here  P'=100 ;  T'==48— 


32,  or  16;  r<s6a--32,  or  28.  The  nuhiber  sought,  or  the  F'^ 
102.42.» 


100x508 


496 


*  To  those  who  are  not  algebraists, 'the  following  explanation  and  cakni. 
latioB  maj  be  usefuL  As  every  gas  expands  l.480th  of  the  volume  it  would 
occupy  at  32^,  for  every  degree  of  Fahrenheit's  thermometer,  it  is  dear  that 
it  will  expand  l-481st  part  of  its  volume  at  33^,  U482d  part  of  ito  volume  at 
34^,  and  so  on  for  each  euecessive  addition  of  one  degree  of  caloric.  In  order 
to  know,  therefore,  the  fractional  dilatation  of  a  gas  at  any  temperature  above 
32°,  for  a  single  degree,  it  is  only  necessary  to  add  to  the  denominator  of  the 
fraction  1-480,  a  number  of  units  equal  to  the  number  of  degrees  that  the 
gas  exceeds  the  temperature  of  32^.  Thus  a  gas  at  the  temperature  of  4S9 
will  expand  l-490th,  at  52^  1-500,  of  its  volume,  for  every  increment  of  heat 
equal  to  one  defifree.  Knowing  in  this  simple  manner  the  fractional  amount 
of  expansion  of  a  gas  at  any  temperature  for  one  degree,  we  multii^y  this 
amount  by  the  difference  between  the  existing  temperature  and  the  tempera*> 
tare  to  which  it  is  desired  to  reduce  the  volume.  If  the  reduction  is  to  a 
higher  temperature,  this  product  is  added  to  the  existing  volume;  if  to  a 
lower,  subtracted.  Thus,  to  ealeulate  the  exsmple  which  Dr.  Turner  has 
aeleeted,  namely,  100  measures  of  a  gas  at  48^,  what  will  be  its  bulk  at  60^*, 
we  proosed  as  follows:  as  the  existing  temperature  is  16^  above  32^,  its 
fVaetional  expansion  for  one  degree  will  be  1-480+ 16eBl-496.  Taking  the 
496th  part  of  one  hundred,  the  given  volume,  we  have  the  actual  expanatOQ 


Hydrogen  ^as  was  fbond  to'ezpaDd  in  the  nune  proportion ;  fo  that  all 
IfBses  may  be  inferred  to  expand  to  the  aame  eztentf  for  eqoal  incremepU  of 
heal,  between  — 33^  F.  and  68(F ;  and  the  same  hiw  probably  prevails  at  all 
temperaturea.* 

THERMOMETERS. 

The  influence  of  beat  over  the  bulk  of  bodiea  is  better  fitted  for  estimaliag 
a  change  in  the  quantity  of  that  agent  than  any  other  of  its  properties ;  for 
substances  not  only  expand  more  and  more  as  the  temperature  increases,  but 
in  general  return  exactly  to  their  original  volume  when  the  heat  is  with* 
drawn.    The  first  attempt  to  measure  the  intensity  of  heat  on  this  principle 
was  made  early  in  the  17th  century,  and  the  honour  of  the  invention  is  by 
some  bestowed  on  Sanctorius,  by  others  on  Cornelius  Drebel,  and  by  others 
on  the  celebrated  Galileo.    The  material  used  by  Sanctorius  was  atmosphe- 
ric air.    The  construction  of  the  thermometer  itself,  or  tkermascepe  as  it  was 
sometimes  called,  is  exceedingly  simple.    A  glass  tube  is  to  be  selected  for 
the  purpose,  and  one  end  of  it  is  blown  out  into  a  spherical  cavity,  while  its 
other  extremity  is  left  open.    After  expelling  a  small  quantity  of  air  by  heat- 
ing the  ball  gently,  the  open  end  of  the  tube  is  plunged  into  coloured  water, 
and  a  portion  of  the  liquid  is  forced  up  into  the  tube  by  the  pressure  of  the 
atmosphere,  as  the  air  within  the  bell  contracts.    In  this  state  it  indicates 
changes  of  temperature  with  extreme  delicacy,  the  alternate  expansion  snd 
contraction  of  the  confined  air  being  rendered  visible  by  the  corresponding 
descent  and  ascent  of  the  coloured  water  in  the  stem.    The  material  used 
in  its  construction,  also,  is  peculiarly  appropriate ;  because  air,  like  all  gases, 
expands  uoifbrmiy  by  equal  increments  of  heat    There  are,  however,  two 
forcible  objections  to  the  general  employment  of  this  thermometer.    In  the 
first  place,  its  dilatations  and  contractions  are  so  great,  that  it  is  inconve- 
nient to  measure  them  when  the  change  of  temperature  is  considerable ;  and, 
secondly,  its  movements  are  influenced  by  pressure  as  well  as  by  beat,  so 
thai  the  instrument  would   be   affected   by  variations  of  the   rarometer, 
though  the  temperature  should  be  quite  stationary. 

For  the  reasons  just  stated,  the  common  air  thermometer  is  rarely  em- 
ployed ;  but  a  modification  of  it,  described  in  1804  by  Sir  J.  LesKe,  in  his 
Esny  on  Heat,  under  the  name  of  Differential  Thennometer,  is  entirely  firee 
from  the  last  objection,  and  is  admirably  fitted  for  some  special  purposes. 
This  instrument  was  invented  a  century  and  a  half  ago  by  Sturmiup,  Profes« 
sor  of  Matheotatics  at  Altdorff,  who  has  left  a  description  and  sketch  of 
it  in  his  Collegium  Curioeuntj  p.  54,  published  in  the  year  1676;  but 
Uke  oUicr  air  Uiermoroeters  it  had  fUlen  into  disuse,  till  it  was  again 
brought  into  notice  by  Leslie.    As  now  made  it  consists  of  two  thin  glass 


for  one  degree.  This,  upon  calculation,  will  be  found  to  be  J2016,  which, 
multiplied  by  12,  the  difference  between  the  actual  temperature  and  the  tem-  . 
perature  of  the  volume  sought,  will  give  2.419,  as  the  actual  expansion,  cor- 
responding to  12  degrees.  As  the  temperature  of  the  volume  sought  is  above 
th%  original  temperature,  this  number  must  be  added  to  the  given  volume. 
So  that  I00-|-2*419=102-419  will  be  the  volume  sought    Ed. 

*  The  law  of  the  equable  expansion  or  contraction  of  gases  by  eqoal  incre- 
ments or  decrements  of  heat  is  a  very  curious  one ;  but  it  becomes  particularly 
so  when  viewed  m  connexion  with  a  descending  temperature.  If  gases  expand 
or  contract  l-48(Hh  of  the  volume  they  occupy  at  the  fireezing  point,  for  every 
alteration  of  temperature  equal  to  one  degree,  it  is  obvious  that  a  riven 
yolnme  of  any  gas  at  32^  will  be  expanded  by  a  volume  equal  to  itself,  by 
having  its  temperature  raised  480<'.  But  the  converse  of  the  proposition 
would  soem  to  involye  a  paradox ;  for  by  the  application  of  the  ssme  law,  a 
given  volume  of  any  gas  at  32c>,  if  cooled  down  to  480^,  would  be  conira^ted 
by  a  volume  equal  to  ilseli;  that  is,  reduced  to  nothing.    Ed, 


u 
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ballf  joined  tofdher  by  a  tnbe,  beot  twiee  «t  ^/^^ 
.  rii^ht  anrle,  «■  reprMented  in  the  ennezed  fi^ure.^^J 
Both  balle  contain  air,  but  the  greater  part  o^thf^^|^ 
tube  is  filled  with  sulphuric  acid  coloured  with 
carmine.  It  is  obvious  that  thb  instrument  enn- 
not  be  afiected  by  any  change  of  temperature 
acting  equally  on  both  balls;  for  as  lun^  m*  {h<2 
air  within  them  expands  or  contracts  to  the  bamc 
extent,  the  pressure  on  the  opposite  sUrfaot-ft  of 
the  liquid,  and  consequently  its  position,  viill 
continue  anchan?ed.  Hence  the  differential 
thermometer  stands  at  the  same  point,  howcvr:  r 
difierent  may  be  the  temperature  of  the  mediurr]. 
But  the  slightest  difference  between  the  temfn  m. 
ture  of  the  two  balls  will  instantly  be  detected  ; 
for  the  elasticity  of  the  air  on  one  side  bciTi;^ 
then  greater  than  that  on  the  other,  the  Ijijimj 
will  retreat  towards  the  ball  whose  temperiiture 
is  the  lowest 

Solid  substances  are  not  better  suited  to  the  con. 
fltruction  of  a  thermometer  than  gases;  for  i^hilc 
the  expansion  of  the  latter  is  too  great,  that  of  ib« 
Ibrmer  is  so  small  that  it  cannot  be  measured  eji- 
oept  by  the  adaptation  of  complicated  machinery. 
Liquids  which  expand  more  than  the  one  and  Itxa 
than  the  other,  are  exempt  from  both  extremes ;  and,  consequently,  we  must 
search  among  them  for  a  material  with  which  to  construct  a  thermometer. 
The  principle  of  selection  is  plain.  A  material  is  required  whose  expan- 
sions arc  uniform,  and  whose  boiling  and  freezing  points  are  very  remote 
from  one  another.  Mercury  fulfils  Siese  conditions  better  than  any  other 
liquid.  No  fluid  can  support  a  mater  degree  of  heat  without  boiling  than 
mercury,  and  none,  except  alconol  and  ether,  can  endure  a  more  intense 
cold  without  freezing.  It  has,  besides,  the  additional  advantage  of  being 
more  sensible  to  the  action  of  heat  than  other  liquids,  while  its  dilatations 
between  32^^  and  212°  are  almost  perfectly  uniform.  Strictly  speaking,  the 
tame  quantity  of  heat  does  occasion  a  greater  dilatation  at  high  than  at  low 
temperatures,  so  that,  like  other  fluids,  it  expands  in  an  increasing  ratio. 
But  it  is  remarkable  that  this  ratio,  within  the  limits  assigned,  is  exactly  tlie 
same  as  that  of  glass ;  and,  therefore,  if  contained  in  a  glass  tube,  the  in- 
creasing  expansion  of  the  vessel  compensates  for  that  of  the  mercary. 

The  first  object  in  constructing  a  thermometer  is  to  select  a  tube  with  a 
▼eiy  small  bore,  which  is  of  the  same  diameter  through  its  whole  length ; 
and  then,  by  melting  the  glass,  to  blow  a  small  ball  at  one  end  of  it  The 
mercury  is  introduced  by  rarefying  the  air  within  the  ball,  and  then  dipping 
the  open  end  of  the  tube  into  that  liquid.  As  the  air  cools  snd  contracts, 
the  mercury  is  forced  up,  entering  the  bulb  to  supply  the  place  of  the  air 
which  had  been  expelled  from  it  Only  a  part  of  the  air,  however,  is  re- 
moved by  this  means ;  the  remainder  is  driven  out  by  the  ebullition  of  the 
mercury. 

Having  thus  contrived  that  the  bulb  and  about  one-third  of  the  tube  sliaH 
be  frdl  of  mercury,  the  next  step  is  to  seal  the  open  end  hermetically.  This 
is  done  by -heating  the  bulb  till  the  mercury  rises  very  near  the  summit,  and 
then  suddenly  darting  a  fine-pointed  flame  from  a  blow-pipe  across  the  open- 
ing, so  as  to  fuse  the  glass  and  close  the  aperture  before  the  mercury  has 
had  time  to  recede  from  it 

The  construction  of  a  thermometer  is  now  so  far  complete  that  it  afibrds 
*  nieana  of  ascertaining  the  comparative  temperature  of  bodies;  but  it  is 
deficient  in  one  essenti  J  point,  namely,  the  observatioos  made  with  dififerent 
instruments  cannot  be  compared  together.  To  effoet  this  object,  the  ther. 
mometer  must  be  graduated,  a  proce«  which  consiflts  of  two  parts.    The 
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fint  and  most  importent  is  to  obtain  two  fixed  pointB  which  ihftll  be  the 
same  in  ereiy  thermometer.  The  practice  now  generally  followed  for  this 
purpose  was  mtrodaoed  b^  Newton,  and  is  founded  on  the  &et,  that  when  a 
thermometer  is  plunged  mto  ice  that  is  dissolving,  and  into  water  which  is 
boifin^,  it  oonstanlly  stands  at  the  name  elevations  in  ail  countries,  provided 
there  is  a  certain  conformity  of  circumstances.  Tlie  poin^of  congelation 
is  easily  determined.  The  instrument  is  to  be  immersed  in  snow  or  pound- 
ed ice,  which  is  liquefying  in  a  moderately  warm  atmosphere,  till  the  mer- 
cury becomes  stationary.  To  fix  the  boiling  point  is  a  more  delicate  opera- 
tioB ;  sinoo  the  temperature  at  which  water  boils  is  affected  by  various  cir- 
cumstanoes  which  will  be  more  particularly  mentioned  hereafter.  It  is 
sufficient  to  state  the, general  directions  at  present; — that  the  water  be  per- 
fectly pure,'  free  from  any  foreign  particles,  and  not  above  an  inch  in  depth, 
— the  ebullition  brisk,  and  conducted  in  a  deep  metallic  vessel,  so  that  the 
stem  of  the  thermometer  may  be  surrounded  by  an  atmosphere  of  steam, 
and  thus  exposed  to  the  same  temperature  as  the  bulb— the  vapour  be  allow- 
ed to  escape  freely — and  the  barometer  stand  at  30  inches. 

The  second  part  of  the  process  of  padnation  consists  in  dividing  the  in- 
tenral  between  the  freezing  and  boihng  pmnts  of  water  into  any  number  of 
equal  parts  or  degrees,  which  may  be  either  marked  on  the  tube  itself,  by 
means  of  a  diamond,  or  first  drawn  upon  a  piece  of  paper,  ivory,  or  metal, 
and  afterwards  attached  to  the  thermometer.  The  exact  number  of  degrees 
into  which  the  space  is  divided,  is  not  very  material,  though  it  wouEl  be 
moie  convenient  did  all  thermometers  correspond  in  this  respect  Unfor- 
tunately thn  is  not  the  case.  In  Britain  we  use  Fahrenheit's  scale,  and  ac 
cordingly  in  this  treatise  the  degrees  always  refer  to  that  scale,  except  when 
the  contrary  is  directly  expremed;  whereas  the  continental  philosoj^iers 
employ  either  the  centigrade,  or  that  of  Reaumur.  The  centigrade  is  the 
most  convenient  in  practice ;  its  boiling  point  is  100,  that  of  melting  snow 
is  the  xero,  or  beginning  of  the  scale,  and  the  interval  is  divided  into  100 
equal  parts.  The  interval  in  the  scale  of  Reaumur  is  divided  into  80  parts, 
and  in  that  of  Fahrenheit  into  180 ;  but  the  zero  of  Fahrenheit  is  placed 
33  degrees  below  the  temperature  of  melting  snow,  and  on  this  account  the 
point  of  ebullition  b  213^. 

It  is  easy  to  reduce  the  temperature  expressed  by  one  thermometer  to 
that  of  another,  by  knowing  the  relation  which  existe  between  their  degrees. 
Thus,  180  is  to  100  as  9  to  5,  and  to  80  as  9  to  4;  so  that  nine  degrees  of 
Fahrenheit  are  equal  to  five  of  the  centigrade,  and  four  of  Reaumur's  ther- 
mometer. Fahrenheit's  is,  therefore,  reduced  to  the  centigrade  scale,  by  mul- 
tiplying by  five,  and  dividing  by  nine,  or  to  that  of  Reaumur,  by  multiplying 
by  four  instead  of  five.  Either  of  these  may  be  reduced  to  Fahrenheit  by 
reversinff  Uie  process;  the  multiplier  is  nine  in  both  cases,  and  the  divisor 
four  in  Uie  one  and  five  in  the  other.  But  it  must  be  remembered  in  these 
reductions,  that  the  zero  of  Fahrenheit's  thermometer  is  32  degrees  lower 
than  that  of  the  centigrade  or  Reaumur,  and  a  due  allowance  must  be  made 
for  this  circumstance.  An  example  will  best  show  how  this  is  done.  To 
reduce  212^  F.  to  the  eenUgrade,  first  subtract  32,  which  leaves  180 ;  and 
this  number  multiplied  by  ^  gives  the  corresponding  expression  in  the  oea^ 
tigrade  scale.  Or  to  reduce  lOO^'  C.  to  Fahrenheit,  multiply  by  f ,  and  then 
add  32.  To  save  the  trouble  of  such  reductions,  I  have  subjoined  a  table, 
which  shows  the  degrees  on  the  centigrade  scale  and  that  of  Reaumur, 
oomspooding  to  the  degrees  of  Fahrenheit's  thermometer. 
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Fahr. 

Cent. 

Reaam. 

Fahr. 

Oedt 

Reaum. 

Fabr. 

Cent. 

Keaom. 

213 

100 

80 

113 

45 

36 

14 

-10 

-  8 

203 

95 

76 

104 

40 

32 

5 

-15 

-12 

194 

90 

72 

95 

35 

28 

-4 

-20 

-16 

185 

85 

68 

86 

30 

24 

-13 

-25 

-20 

176 

80 

64 

77 

25 

20 

-22 

-30 

-24 

167 

75 

60 

68 

20 

16 

-31 

-35 

-28 

158 

70 

56 

59 

15 

12 

-40 

-40 

^2 

149 

65 

52 

50 

10 

8 

140 

6) 

48 

41 

5 

4 

131 

55 

44 

32 

0 

0 

122 

50 

40 

23 

^ 
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Tbo  mercurial  thermometer  may  be  made  to  indicate  temperatures  which 
exceed  212°,  or  fall  below  zero^  by  continuing  the  degrees  above  and  below 
thoee  points.  But  as  mercury  freezes  at  39  decrees  below  zero,  it  cannot 
indicate  temperatures  below  that  point;  and  indeed  the  only  liquid  which 
has  been  used  for  such  purposes  is  alcohol.  Our  means  of  estimating  high 
degrees  of  heat  are  as  yet  very  unsatisfactory.  Mercury  is  preferable  to 
any  other  liquid ;  but  even  its  indications  cannot  be  altogether  relied  on. 
For,  in  the  first  place,  its  expansion  for  equal  increments  of  heat  is  greater 
at  high  than  at  low  temperatures ;  and,  secondly,  glass  expands  at  tempera- 
tures beyond  212°  in  a  more  rapid  ratio  than  mercury,  and  consequently, 
from  the  proportionally  greater  capacity  of  the  bulb,  the  apparent  expansion 
of  the  metal  is  ooosidcrably  less  than  its  actual  dilatation.  Thus  Dfalong 
and  Petit  observed,  that  when  the  ^ir  thermometer  is  at  572°,  the  common 
mercurial  thermometer  stands  at  586°;  but  when  corrected  for  the  error 
caused  by  the  glass,  it  indicates  a  temperature  of  597*5°.  No  liquid  can  be 
employed  for  temperatures  which  exceed  662°,  since  all  of  them  are  then 
either  dissipated  in  vapour,  or  decomposed. 

M.  Bellam  has  observed  that  mercurial  thermometers  slowly  change  their 
point  of  zero,  which  uniformly  becomes  higher  than  at  the  time  of  gradua*> 
tion.  This  phenomenon  appears  owing  to  a  diminished  capacity  of  the 
bulb  due  to  the  atmosphere  continually  pressing  on  its  exterior,  while  a 
vacuum  exists  in  the  interior  of  the  tube ;  for  it  has  not  been  noticed  either 
in  mercurial  thermometers  which  are  unsealed,  or  in  thermometers  made 
with  alcohol.  Thp  principal  contraction  ensues  soon  after  the  tube  is 
sealed,  and  hence  some  months  should  be  permitted  to  elapse  between  the 
•ealing  and  graduation  of  a  thermometer.    (An.  de  Ch.  et  de  Ph.  xxi.  330.) 

The  instruments  for  measuring  intense  degrees  of  heat  are  called  jpy. 
rometers^  and  must  be  formed  eiUier  of  solid  or  gaseous  substances.  The 
former  alone  have  been  hitherto  employed,  though  the  latter,  from  the 
greater  uniformity  with  which  they  expand,  are  better  calculated  for  the 
purpose.  The  action  of  most  pyrometers  depends  on  the  elon^tion  of  a 
metallic  bar  by  heat;  and  the  difficulty  in  their  construction  consists  in  find, 
ing  an  infusible  metal  of  uniform  expansibility,  and  in  measuring  the  de- 
gree of  expansion  with  exactness.  This  subject  has  for  some  time  occupied 
tne  attention  of  Professor  Daniell,  who  has  at  last  succeeded  in  forming  a 
pyrometer  which,  with  a  little  practice,  may  be  used  with  facility,  and  ap- 
pears  susceptible  of  very  great  precision.  (Phil.  Trans.  1830  and  31.) 
This  instrument  consists  of  two  parts,  the  lUgitter  and  Scale^  the  former 
designed  for  exposure  to  the  heat  to  be  estimate,  and  the  latter  for  measur- 
ing  the  exact  amount  of  expansion.  The  first  oonsbts  of  a  bar  of  black- 
lead  earthenware,  in  which  is  drilled  a  hole  3-lOths  of  an  inch  in  diameter, 
and  7}  inches  deep.  Into  this  hole  a  cylindrical  bar  of  platinum  or  soft 
iron,  of  nearly  the  same  diameter,  and  6  j  inches  long,  is  introduced,  so  as 
to  rest  arainst  the  solid  end  of  the  hole ;  and  upon  the  outer  or  firee  end  of 
the  metsllic  bar  rests  a  cylindrical  piece  of  porcelain,  called  the  index,  li| 
inches  long,  and  is  kept  firmly  in  its  place  by  a  strap  of  platinum  and  a 
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filfte  wedge  of  earthenware.  The  object  of  this  ammifeinent  ia,  that  when 
the  register  is  heated,  the  metal  ezpaodin^  at  each  temperatore  more  than 
the  earthenware  case,  presses  forward  the  index ;  and  as  this  last  moves  with 
friction  in  consequence  of  the  strap  and  wedge,  it  remains  in  its  place  when 
the  register  is  removed  from  the  fire  and  cooled.  The  scale  is  an  instru- 
ment  designed  for  measuring  with  minute  accuracy  the  precise  extent  to 
which  the  index  has  been  pushed  forward  by  the  metallic  bar.  It  thus  in* 
dicates  the  apparent  elongation  of  the  bar,  that  is,  the  difference  between 
its  elongation  and  that  of  the  blackJead  case  which  contains  it  For  its  in- 
dications to  be  correct,  that  is,  in  order  that  equal  dilatations  should  indi. 
cate  equal  increments  of  heat,  it  is  necessary  that  the  bar  and  its  case  should 
both  expand  uniformly,  or  both  vary  at  the  same  rate.  Now  in  regard  to 
the  black-lead  case,  its  total  expansion  is  so  very  small,  that  any  want  of 
uniformity  at  intermediate  points  cannot  be  detected ;  but  since,  as  will 
shortly  be  more  fully  stated,  all  earthenware  and  other  arfillaoeous  sub- 
stances contract  when  first  heated,  the  case  must  not  be  used  in  pyrometry, 
until  it  has  been  exposed  in  dose  vessels  to  at  least  as  high  a  temperature 
as  that  which  will  afterwards  be  employed.  As  for  the  expansions  of  the 
metallic  bar,  these  are  not  exactly  uniform  (page  18) ;  but  still  they  afibrd  a 
good  practical  index  of  the  relative  intensity  of  different  fires,  and  will  be 
an  exact  measure  of  temperature  when  the  precise  rate  of  expansion  shall 
have  been  determined. 

The  pyrometer  of  Wedgwood  acts  on  a  difierent  principle,  being  fi>unded 
on  the  property  which  clay,  a  compound  of  aluminous  earth  and  water, 
poasessea  of  gradually  losing  its  water  when  exposed  to  an  increasing  tem- 
perature, and  of  contracting  as  the  water  is  dissipated.  The  contraction 
even  continues  after  every  trace  of  water  has  been  removed,  owing  to  par- 
tial  vitrification  occurring,  which  tends  to  bring  the  particles  of  the  clay  into 
atill  nearer  proximity.  The  intensity  of  the  heat  may,  therefore,  in  some 
measure  be  estimated  by  Ihe  degree  of  contraction  which  it  has  occasioned. 

The  apparatus  consists  of  a  metallic  ^oove,  24  inches  long,  the  sides  of 
which  converge,  being  half  an  inch  wide  above,  and  three-tenths  below. 
The  da^,  well  washed,  is  made  up  into  little  cylinders  or  truncated  cones 
which  fit  the  oommencement  of  the  groove,  afler  having  been  heated  to  red- 
ness; and  their  subsequent  contraction  by  heat  is  determined  by  allowing 
them  to  slide  from  the  top  of  the  groove  downwards,  till  they  arrive  at  a  part 
of  it  tfaroush  which  they  cannot  pass.  Mr.  Wedgrwood  divided  the  whole 
length  of  uie  groove  into  240  degrees,  each  of  which  he  supposed  equal  to 
130  of  Fahrenheit;  and  he  fixed  the  zero  of  his  scale  at  the  1077th  degree 
of  Fahrenheit*s  thermometer. 

Wedgwood^s  pyrometer  is  no  longer  employed  by  scientific  men,  because 
its  indications  cannot  be  relied  on.  Every  observation  requires  a  separate 
piece  of  day,  and  the  observer  is  never  sure  that  the  contraction  of  the  se- 
cond piece,  fi-om  the  same  heat,  will  be  exactly  similar  to  that  of  the  first ; 
especially  as  it  is  difficult  to  procure  specimens  of  the  earth,  the  composition 
of  which  is  in  every  respect  the  same.  It  is  doubtful,  too,  if  its  point  of 
zero  has  been  correctly  estimated ;  and  Guy  ton  de  Morveau  has  shown  that 
each  degree  corresponds  rather  to  62^  than  to  130  decrees  of  Fahrenheit. 

For  some  purposes,  especially  in  making  meteorological  observations,  it  is 
a  very  desirable  object  to  ascertain  the  highest  and  lowest  temperatyire 
which  has  occurred  in  a  given  intervid  of  time,  during  the  absence  of  the 
observer.  The  instrument  employed  with  this  intention  is  called  a  Regitter 
Thermometer,  and  the  most  convenient  kind  with  which  I  am  acquainted, 
is  that  described  in  the  Philosophical  Transactions  of  Eldinburgh,  iii.  245, 
by  Dr.  John  Rutherford.  The  thermometer  for  ascertaining  the  most  in- 
tense  cold  is  made  with  alcohol,  and  the  bulb  is  bent  at  a  right  angle  to  the 
stem,  so  that  the  latter  may  conveniently  be  placed  in  a  horizontal  position. 
In  the  spirit  is  immersed  a  cylindrical  piece  of  black  enamel,  of  such  size 
as  to  move  freely  within  the  tube.  In  order  to  make  an  observation,  the 
enamel  ahould  be  brought  down  to  the  surfiice  of  the  spirit,  an  object  easily 
effected  by  slight  percussion  while  the  bulb  is  inclined  upwards.    When 
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the  tfaermonieter  nnki  by  ezpomire  to  oold,  the  enamel  likewiee  retreats  to. 
wards  the  bulb,  owing  to  its  adhenon  to  the  spirit ;  bat,  on  expanding,  th« 
spirit  passes  readily  Iwyond  the  enamel,  leaving^  it  at  the  extreme  point  to 
which  it  had  been  conveyed  by  the  previous  contraction. 

For  registering  the  highest  temperature,  a  common  mercurial  thermome- 
ter of  the  same  form  as  the  preceding  is  employed,  having  a  soiall  cylin- 
drical piece  of  black  enamel  at  the  surfaoe  of  the  mercury.  When  the 
mercury  expands,  the  enamel  is  pushed  forward ;  and  as  the  stem  of  the 
thermometer  is  placed  horizontally,  it  does  not  recede  when  the  mercury 
contracts,  but  remains  at  the  spot  to  which  it  had  been  conveyed  by  the 
previous  dilatation.  The  enamel  is  easily  restored  to  the  surftce  of  the 
mercury  by  sligbt  percussion  while  the  bulb  is  inclined  downwards ;  but  this 
i^uld  be  performed  with  care,  lest  the  enamel,  in  falling  abruptly,  should 
interrupt  the  continuity  of  the  mercurial  column,  and  interfere  with  the  in- 
dications of  the  instrument  The  risk  of  this  accident  is  lessened  by  putting 
some  pure  naphtha  in  the  tube  beyond  the  mercury,  and  its  presence  is  like* 
wise  of  use  in  preventing  the  oxiiution  of  the  mercury.  The  above  descrip- 
tion applies  to  an  improvement  on  Dr.  Rutherford*s  thermometer,  made  by 
Mr.  Adie  of  Edinburgh. 

Though  the  thermometer  is  one  of  the  roost  valuable  instruments  of  phi- 
losophical  research,  it  must  be  confessed  that  the  sum  of  information  which 
it  conveys  is  very  small.  It  does  indeed  point  out  a  difference  in  the  tem- 
perature of  two  or  more  substances  with  great  nioetv  ;  but  it  does  not  indi- 
cate  how  much  heat  any  body  contains,  it  does  not  follow,  because  the  ther- 
mometer stands  at  the  same  elevation  in  any  two  bodies,  that  they  contain 
equal  quantities  of  heat ;  nor  is  it  right  to  infer  that  the  warmer  possesses 
more  of  this  principle  than  the  colder.  The  thermometer  gives  the  sanM 
kind  of  information  which  may  be  discovered,  though  less  accurately,  by 
the  feelings ;  it  recognizes  in  bodies  that  state  of  caloric  alone,  which  i^eets 
the  senses  with  an  impression  of  heat  or  cold, — the  condition  expressed  by 
the  word  temperaiure.  All  we  learn  by  this  instrument  is,  whether  the 
temperature  of  one  body  is  greater  or  less  than  that  of  another;  and  if  there 
is  a  difference,  it  is  expresrod  numerically,  namely,  by  the  degrees  of  the 
thermometer.  But  it  must  be  remembered  that  these  degrees  are  parts  of 
an  arbitrary  scale,  selected  for  convenience,  without  any  reference  whatever 
to  the  actual  quantity  of  heat  present  in  bodies. 

Very  little  reflection  will  evince  the  propriety  of  these  remarks.  If  two 
glasses  of  unequal  size  be  filled  with  water  just  taken  from  the  same  spring, 
the  thermometer  will  stand  in  each  at  the  same  height,  though  their  quan- 
tities of  heat  are  certainly  unequal.  This  observation  naturally  suggests  the 
inquiry,  whether  different  kinds  of  substances,  whose  temperatures  as  esti- 
mated by  the  thermometer  are  the  same,  contain  equal  quantities  of  heat,— - 
if,  for  example,  a  pound  of  iron  contains  as  much  heat  as  a  pound  of  water 
or  mercury.  The  foregoing  remark  shows  that  equality  of  temperature  is 
not  necessarily  connected  with  equality  in  quantity  of  heat ;  and  the  in- 
ference  has  been  amply  confirmed  by  experiment  If  equal  quantities  of 
water  are  mixed  together,  one  portion  being  at  100°  and  the  other  at  50°, 
the  temperature  of  the  mixture  will  be  the  arithmetical  mean  or  75° ;  that 
is,  the  25  degrees  lost  by  the  warm  water  will  exactly  suffice  to  beat  the 
cold  water  by  the  same  number  of  degrees.  It  is  hence  inferred,  that  equal 
weights  or  measures  of  water  of  the  same  temperature  contain  equal  quan- 
tities of  heat;  and  the  same  is  found  to  be  true  of  other  bodies.  But  if  equal 
weights  or  equal  balks  of  different  substances  arc  employed,  the  result  will  be 
different  Thus  if  a  pint  of  mercury  at  100°  be  mixed  with  a  pint  of  water  at 
40^,  the  mixture  will  have  a  temperature  of  60^,  so  that  the  40  degrees  lost  bv 
the  former,  heated  the  latter  by  20  degrees  only ;  and  when,  reversing  the  experi- 
ment, the  water  is  at  100®  and  the  mercury  at  40°,  the  mixture  will  be  at  80°, 
the  20  degrees  lost  by  tlie  former  causing  a  rise  of  40  in  the  latter.  The  fact 
is  still  more  strikingly  displayed  by  substituting  equal  weights  for  mea- 
sures.   For  instance,  on  mixing  a  pound  of  mercury  at  160°  with  a  pound 


of  wtter  at  40^,  a  thermometer  placed  in  the  mixture  will  ■tand  at  45^ ;  bat 
if  the  mercory  be  at  40^  and  the  water  at  160^,  the  mixture  will  have  a 
temperature  of  155^.  If  water  at  lOOf  be  mixed  with  an  equal  weight  of 
•permaoeti  oil  at  40^,  the  mixture  will  be  found  at  80^ ;  and  when  the  oil 
ii  at  lOO**  and  the  water  at  40°,  the  temperature  of  the  mlxUue  will  be 
only  60O. 

It  appears  from  the  facte  just  atated,  that  the  same  quantity  of  heat  im- 
parte  twice  as  hif^h  a  temperatare  to  mercury  aa  to  an  equal  volume  of 
water;  that  a  aimihir  proportion  is  observed  with  respect  to  equal  weights  of 
tpermaoeti  oil  and  water ;  and  that  the  heat  which  gives  5  degrees  to  water  will 
raise  an  equal  weight  of  mercury  by  115  degrees,  beiuflr  the  ratio  of  I  to  33. 
Hence  if  equal  quantities  of  beat  be  added  to  equal  weignte  of  water,  sperma^ 
eeti  oil,  and  mercury,  their  temperatures  in  relation  to  each  other  will  be 
expressed  by  the  numbers  1,  2,  and  23 ;  or,  what  amounte  to  the  same,  in 
order  to  increase  the  temperature  of  equal  weighte  of  those  substenoes  to 
the  same  extent,  the  water  will  require  23  times  as  much  heat  as  the  mer- 
cury, and  twice  as  much  as  the  oil    The  peculiarity  exemplified  by  these 
sobstances,  and  which  it  would  be  easy  to  illustrate  by  other  examples,  was 
first  notlceid  by  Dr.  Black.    It  is  a  law  admitted  to  be  universal,  and  may 
be  thus  exprened ;  that  t^al  quantities  of  different  bodies  require  unequal 
quantitics.of  heat  to  heat  them  equally.    This  dLSsrence  in  bodies  was  ex^ 
pressed  in  the  language  of  Dr.  Black  by  the  term  capacity  for  heat,  a  word 
apparently  suggested  by  the  idea  that  the  heat  present  in  any  substance  is 
contained  within  ite  pores,  or  in  the  spaces  left  between  ite  particles,  and 
that  the  quantity  of  beat  is  regulated  by  the  size  of  the  pores.    And  indeed 
at  £rsi  new  there  appear  sufficient  grounds  for  this  opinion ;  for  it  is  oh. 
served,  that  very  compact  bodies  have  the  smallest  capacities  for  heat,  and 
that  the  capacity  of  the  same  substance  often  increases  as  ite  density  be- 
comes less.    But,  as  Black  himself  pointy  out,  if  this  were  the  real  cause 
of  the  difference,  the  capacities  of  bodies  for  heat  should  be  inversely  as 
their  densities.    Thus,  since  mercury  is  thirteen  times  and  a  half  denser 
than  water,  the  capacity  of  the  latter  for  heat  ought  to  be  only  thirteen 
^  times  and  a  half  greater  than  the  former,  whereas  it  is  twenty.three  times 
as  great    Oil  occupies  more  space  than  an  equal  weight  of  water,  and  yet 
the  capacity  of  the  latter  for  heat  is  double  that  of  the  former.    The  word 
capacity,  therefore,  is  apt  to  excite  a  wrong  notion,  unless  it  be  carefully 
borne  in  mind^  that  it  is  merely  an  expression  of  the  fact  without  allosion 
to  ite  cause  ruid  to  avoid  the  chance  of  error  from  this  source,  the  term 
9pecific  heat  has  been  proposed  as  a  substitute  for  it,  and  is  now  very  gene* 
rally  employed. 

The  singular  fact  of  substances  of  equal  temperature  containing  unequal 
quantities  of  heat  naturally  excites  speculation  about  ite  cause,^  and  various 
attempte  have  been  made  to  account  for  it  The  explanation  deduced 
from  the  views  of  Black  is  the  following.  He  conceived  that  heat  existe 
in  bodies  in  two  opposite  states :  in  one  it  is  supposed  to  be  in  chemical 
combinatioD,  exhibiting  none  of  ite  ordinary  characters,  and  remaining 
as  it  were  concealed,  without  evincing  any  signs  of  ite  presence ;  in  the 
other,  it  is  free  and  uncombined,  passing  readily  from  one  substance  to  an- 
other,  affecting  the  senses  in  ite  passage,  determining  the  height  of  the  ther- 
mometer, and  in  a  word  giving  rise  to  aU  the  phenomena  which  are  attri- 
buted to  this  active  principle. 

Though  it  would  be  easy  to  start  objections  to  this  ingenious  conjecture, 
it  has  the  merit  of  explaining  phenomena  more  satisftctorily  than  any  view 
that  has  been  proposed  in  ite  place.  It  is  entirely  consistent  with  analogy. 
For  since  heat  is  regarded  as  a  material  substance,  it  would  be  altogetoer 
anomalous  were  it  not  influenced,  like  other  kinds  of  matter,  b^  eheimcal 
affinity;  and.  if  this  be  admitted,  it  ought  certainl]^,  in  oombinmg,  to  lose 
some  of  the  properties  by  which  it  is  distinguished  in  ite  free  state.  Ac 
ooi^ng  to  thb  view,  it  is  intelligible  how  two  substances,  from  being  in  the 
time  ooi^tioii  with  respect  to  free  heat,  mit^  have  the  same  temperature;  and 
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yet  that  their  actual  quantities  of  heat  may  be  very  diiferent,  in  oonsequenee 
of  one  contaioing  more  of  that  principle  in  a  combined  or  latent  state  than 
the  other.  But  in  admitting  the  plausibility  of  this  explanation,  it  is  proper 
to  remember  that  it  is  at  present  entirely  hypothetical;  and  that  tlie  Ian- 
guage  suggested  by  an  hypothesis  should  not  be  unnecessorilv  associated 
with  the  phenomena  to  which  it  owes  its  origin.  Accordingly,  the  word 
uniibU  is  better  tlian  free  heat,  and  ituengibU  preferable  to  combined  or 
latent  heat ;  for  by  such  terms  the  fact  is  equally  well  expressed,  and  philo- 
sophical propriety  strictly  preserved.* 

It  is  of  imporunce  to  know  the  specific  heat  of  bodies.  The  most  oon- 
▼enient  method  of  discovering  it,  is  by  mixing  different  substances  together 
in  the  way  just  described,  and  obeervmg  the  relative  quantities  of  heat  re- 
quisite  for  beating  them  by  the  same  number  of  degrees.  Thus  the  caloric 
required  to  heat  equal  quantities  of  water,  spermaceti  oil,  and  mercury  by 
one  degree,  is  in  the  ratio  of  23, 11.5,  and  1,  and,  therefore,  their  specific 
heats  are  expressed  by  thoee  numbers.  Water  is  commonly  one  of  the 
materials  employed  in  such  experiments,  as  it  is  customary  to  compare  the 
specific  heat  of  other  bodies  with  that  of  water.t 


*  The  theory  of  latent  heat  of  Dr.  Black,  as  applied  to  the  explanation  of 
the  different  specific  heats  of  bodies,  would  seem  m  some  respects  to  be  un. 
philosophical.  If  Pictet's  theory  of  the  equilibrium  of  caloric  be  admitted, 
then  equality  of  temperature  in  any  two  bodies  merely  means  that  their 
Mloric  has  no  tendency  to  pass  from  one  to  the  other,  without  the  idea 
having  any  necessary  connection  with  the  absolute  quantity  of  caloric  con- 
tained in  them.  It  may  be  admitted  as  highly  probable  that  the  reason 
why  different  bodies  assbme  to  themselves  unequal  quantities  of  heat, 
when  this  principle  has  assomed  a  state  of  rest,  is  that  their  affinities  ' 
lor  caloric  are  different ;  yet  it  by  no  means  follows,  that  the  caloric  in 
such  bodies  is  in  two  different  states,  tentihU  or  /ree,  and  insennUe  or 
combined.  If  we  impart  ten  degrees  of  heat  to  eqaal  weights  of  water  and 
oil,  the  water  will  have  received  twice  as  much  caloric  as  the  oiL  Here 
the  **  actual  quantities  of  heat"  received  are  **  very  different  ;^  but  are  we 
on  this  account  to  suppose  that  part  of  the^  caloric  received  by  the  water  is 
in  an  insensible  or  combined  state  ?  It  will  at  once  be  evident  that  this 
cannot  be  the  case ;  for  if  the  equal  weights  of  water  and  oil,  after  being 
heated  ten  degrees,  be  allowed  to  cool  equally,  the  water  will  lose  twice  as 
much  actual  caloric  as  the  oil.  Now  all  the  caloric  lost  during  the  cooling 
becomes  free  caloric ;  fi>r  it  is  distributed  among  surrounding  bodies. 

The  &gI  is,  that  the  quantity  of  caloric  gain^  or  lost  by  any  number  of 
bodies,  in  being  heated  m*  cooled  through  the  same  number  of  degrees,  bears 
a  constant  proportion  to  their  several  specific  heats.  Hence  to  maintain  an 
equality  of  temperature  among  any  set  of  bodies,  the  quantity  of  caloric 
contained  by  each  must  be  directly  proportional  to  its  specific  beat.  What- 
ever gubrerU  this  relation  will  necessarily  change  the  temperature. 

It  sometimes  happens  that  the  loss  or  gain  of  caloric  by  a  body  is  exactly 
proportional  to  the  change  it  may  undergo  in  specific  heat  or  capacity. 
Thus,  if  a  body  receive  cdoric,  and  have,  at  the  same  time,  its  capacity  pro- 
portionably  increased,  its  temperature  remains  the  same,  though  it  be  con- 
stantly receiving  caloric ;  and  it  is  by  soch  cases  as  these  tfiat  the  doctrine 
of  insensible  or  combined  heat  is  most  plausibly  supported.  But,  upon 
taking  a  nearer  view  of  the  subject,  it  will  be  ^nd  that  the  temperature  re- 
mains the  same  in  conformity  with  the  principles  laid  down  in  this  note ; 
fi>r  the  capacity  and  heat  being  simultaneously  and  proportionably  increased, 
the  relation  between  them,  so  nur  from  being  ntbverted,  is  mamtained. — Ed, 

t  A  formula  for  such  calculations  is  thus  deduced : — ^Let  w,  f,  and  s,  be 
the  weight,  temperature,  and  specific  heat  of  the  warmer  body;  w',  f,  and  s', 
the  weight,  temperature,  and  specific  heat  of  the  colder  body ;  and  B  tho 
temperature  of  the  mixture.  Then  the  temperature  lost  by  the  warmer 
body  will  be  expressed  by  (t— S),  and  its  aetnal  loss  of  heat  by  •.  (1—6).  w; 
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Thif  metiiod  wu  first  stufgesled  by  Black,  and  was  afterwards  practised  to  a 
freat  extent  by  Drs.  Crawronl  and  Irvine.*  fiat  tbe  same  knowledge  may  be 
obtained  by  reversing  tbe  process, — by  noting  tbe  relative  qnantities  of  beat 
which  bodies  |rive  oat  in  cooling ;  fbr  if  water  require  23  times  more  beat 
than  mercury  to  raise  its  temperature  by  one  or  more  degrees,  it  must  also 
lose  23  times  as  much  in  cooling.  The  calorimeter,  invented  and  employed 
by  lAVoisier  and  I«aplace,  acts  on  this  principle.  The  apparatus  consists  of  a 
wire  cage,  suspended  in  the  centre  of  a  metallic  vessel  so  much  larger  than 
itself^  that  an  interval  is  left  between  them,  which  is  Bllcd  with  fragments  of 
ice.  The  mode  of  estimating  the  quantity  of  heat  which  is  emitted  by  a  hot 
body  placed  in  the  wire  cage,  depends  upon  the  fact,  that  ice  cannot  be  heated 
beyond  32^;  since  every  particle  of  beat  which  is  then  supplied  is  emploved 
in  liquefying  it,  without  in  the  least  aJOSscting  its  temperature.  If,  theremre, 
a  flask  of  boilingwater  be  put  into  the  cage,  it  will  gradually  cool,  the  ice 
will  oootinue  at  312^,  and  a  portion  of  ice-cold  water  will  be  ibrmed;  and  the 
same  change  will  ha|^n  when  heated  mercury,  oil,  or  any  other  substance 
is  substituted  fbr  the  hot  water.  The  sole  difference  will  consist  in  the 
quantity  of  ice  liquefied,  which  will  be  proportional  to  the  heat  lost  by  those 
bodies  while  they  cool;  so  that  their  capacity  is  determined  merely  by 
measuring  the  quantity  of  water  produced  by  each  of  them.  This  is  dono 
by  allowing  the  water,  as  it  forms,  to  run  out  of  the  calorimeter  by  a  tube 
filed  in  the  bottom  of  it,  and  carefiilly  weighing  the  liquid  which  issues. 

There  is  one  obvious  source  of  fiillacy  in  this  mode  of  operating,  against 
which  it  is  necessary  to  provide  a  remedy ;  namely,  the  ice  not  only  receives 
heat  from  tbe  substance  in  the  central  cage,  but  must  also  receive  it  from 
the  air  of  the  apartment  in  which  tlie  experiment  is  conducted.  This  in- 
oonvenience  is  avoided  by  surrounding  the  whole  apparatus  by  a  larger 
metallic  vessel  of  the  same  form  as  the  smaller  one,  and  of  such  a  size  that 
a  certain  space  is  left  between  them,  which  is  to  be  filled  with  pounded  ice 
or  snow.  No  external  heat  can  now  penetrate  to  the  inner  vessel ;  because 
all  the  heat  derived  from  the  apartment  is  absorbed  by  the  outer  one,  and  is 
empb^ed,  not  in  elevating  its  temperature,  but  in  dissolving  tbe  pounded  ice 
within  it. 

Notwithstanding  this  precaution,  however,  the  accuracy  of  the  calorimeter 
may  fairly  be  questioned.  For  it  is  essential,  in  order  to  obtain  correct  re« 
suits,  that  all  the  water  which  is  produced  should  flow  out  and  be  collected. 
But  there  is  reason  to  suspect  that  some  of  the  water  is  apt  to  freeze  again 
before  it  has  had  time  to  escape;  and  if  this  be  true,  as  d  ortori  is  very 
probable,  then  the  information  given  by  the  calorimeter  must  be  rejected  as 
useless. 

The  determination  of  the  specific  heat  of  gaseous  substances  is  a  problem 
of  importance,  and  has  accordingly  occupied  the  attention  of  several  experi- 
menters  of  great  science  and  practical  skill;  but  the  inquiry  is  beset  with 
so  many  difficulties  that,  in  spite  of  the  talent  which  has  been  devoted  to  it, 
oar  best  results  can  be  viewed  as  approximatioiH  only,  requiring  to  be  correct- 
ed  by  future  research.  Dr.  Crawford,  to  whom  we  are  indebted  for  the  first 
elaborate  investigation  of  the  subject,  conducted  his  experiments  in  the  fbl. 
lowing  manner.  He  obtained  two  copper  vessels  made  as  light  as  possible, 
r  and  exactly  of  the  same  form,  size,  and  weight ;  exhausted  one  of  them,  and 


while  the  temperature  acquired  by  the  colder  body  will  be  (6 — t').  and 
the  whole  heat  |^ed  will  be  represented  by  s".  (9—^).  w'.  As  the  beat 
gained  by  one  is  equal  to  that  lost  by  the  other,  it  fiJlows  that  s.  (t — d). 

t^^tf,  (S— f).  „;' ;  and  consequenUy  -^  «  ^F^  •    ^^  «^  ^^^^  weights 

w        ^*— dJ.'IS 
S     A      f 

beingequal,orir=is',tben--^-— ;    that  b,  fbr  equal  weights,  the  spe- 

cific  heats  are  inversely  as  the  variations  of  temperature. 
•  Crawford  on  Animal  Heat,  and  Irvine's  Oiemical  Essays. 
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611ed  the  other  with  the  gas  to  be  examined.  They  were  next  heated  to 
the  same  extent  by  immersion  in  hot  water,  and  then  plunged  into  equal 
quantities  of  cold  water  of  the  same  temperature.  Each  flask  heated  the 
water ;  but  while  the  exhausted  flask  communicated  solely  the  heat  of  the 
copper,  the  other  gave  out  an  equal  quantity  of  heat  from  the  metal  of  which 
it  was  made,  together  with  that  derived  from  the  put  in  its  interior.  The 
effect  produced  by  the  former  deducted  from  that  of  the  latter  gave  the  heat^ 
ing  power  of  the  confined  gas,  the  precise  information  wanted.  By  repeat- 
ing the  experiment  with  air  and  different  gases,  their  comparative  heatin|f 
powers,  or  their  specific  heats,  were  ascertained,  fiat  correct  as  is  the 
leading  principle  on  which  these  experiments  were  founded,  the  results  are 
DOW  universally  admitted  to  be  very  wide  of  the  truth,  and,  therefore,  it  can 
answer  no  useral  purpose  to  cite  them.  The  fitliacy  is  attributable  to  the 
circumstances  of  the  heat  derived  from  the  containing  vessel  being  so  ^reat 
compared  to  that  emitted  by  the  confined  gas,  that  the  effect  ascribed  to  the 
latter  is  confounded  with,  and  materially  influenced  by,  the  unavoidable 
errors  of  manipulation. 

The  same  subject  was  investigated  by  Lavoisier  and  Laplace  by  means  of 
their  calorimeter.  A  current  of  etka  was  transmitted  in  a  serpentine  tube 
through  boiling  water  in  order  to  he  heated,  and  was  then  made  to  circulate 
within  the  calorimeter  in  a  similar  tube  surrounded  with  ice.  Its  tempera- 
ture in  entering  and  quitting  the  calorimeter  was  ascertained  by  thermome- 
ters, and  the  heat  lost  by  each  |?as  was  estimated  by  the  quantity  of  ice  lique- 
fied. Their  expert  menls  are  of  course  liable  to  the  objections  already  made 
to  the  use  of  ice ;  but  a  similar  train  of  experiments,  not  exposed  to  this 
fiiUacy,  was  conducted  in  the  year  1813  with  extreme  care  by  Dclarocbe  a'nd 
B^rard.  (An.  de  Chimie,  lxxxv.  and  Annals  of  Phil,  ii.)  They  transmitted 
known  quantities  of  gas,  heated  to  212^,  in  a  uniform  current  through  the 
calorimeter;  and,  instead  of  ice,  surrounded  the  serpentine  tube  with  water, 
the  temperature  of  which,  as  well  as  of  the  gas  at  its  exit,  was  ascertained 
during  the  course  of  the  process  by  delicate  thermometers.  Bv  operating 
with  a  considerable  quantity  of  gas,  they  avoided  the  error  mto  which 
Crawford  fell;  and  the  experiments,  though  complicated  and  involving 
various  sources  of  error,  were  conducted  with  such  skill-  and  caution  that 
they  inspired  great  confidence,  and  are  still  admitted  to  be  more  accurate 
than  any  which  have  been  made  on  this  difficult  subject  Their  results 
are  contained  in  the  following  table ;  tlie  specific  heat  of  the  gases  being 
referred  to  atmospheric  air  as  unity  in  the  two  first  columns,  and  to  water 
in  the  third. 


Names  o^  Sulwtaiioes. 

Under  equal 
Volumes. 

Under  equal  Weights. 

Atmospheric  air  . 
Hydrogen  gas 
Oxygen  gas         .        .        . 
Nitrogen  gas 
Nitrous  oxide  gas 
Olefiant  gas    . 
Carbonic  oxide  gas 
Carbonic  acid  gas    . 
Water         .... 
Aqueous  vapour 

1.0000 
8.9033 
0.9765 
1.0000 
1.3503 
1.5530 
1.0340 
1.2583 

1.0000     .     .     0.2669 
12.3400     .     .    3ii936 
0.9848    .    .    0.2361 
1.0318    .    .    0i2754 
0.8878    .    .    Oi2369 
1.5763    .    .    0.4207 
1.0805    .    .    0.2884 
0.8280    .    .    OiKJlO 

1.0000 

0.8470 

Some  experiments  performed  by  Clement  and  Desormes,  and  published  in 
the  year  1819  in  the  Journal  de  Phynque,  lxxxix.  320,  were  confirmatory 
of  tlie  foregoing  results;  and  Dalton,  in  the  second  volume  of  his  Chemical 
PhOowphy,  page  282,  states  that  he  has  repeated  the  experiment  of  Delaroche 
wid  B^rard  on  the  specific  heat  of  atmospheric  air,  and  is  convinced  of  their 
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ettiioate  betng*  ^ery  near  the  truth.  But  the  accuracy  of  their  remilts  has 
been  questioned  br  others,  and  some  of  the  objections  are  by  no  means  de- 
ficient  in  force.  One  of  these  was  stated  by  Mr.  Haycraft  in  the  Edinborffh 
Phil.  Trans  for  18S4,  namely,  that  the  ^fases  were  employed  in  a  moist  m- 
stead  of  a  dry  state,  a  circumstance  which  would  doubtless  in  some  measure 
modify  the  result ;  and  others  have  been  mentioned  by  De  la  Rive  and  Mar« 
eet.  (An.  de  Ch.  et  de  Ph.  xzxv.  5.  and  zu.  78.)  For  example,  the  precise 
temperature  of  the  gfases  used  in  their  ezperimenta  was  not  ascertained  in 
an  unexceptionable  manner ;  because  a  thermometer  surrounded  by  gaseous 
matter  is  afiected,  not  only  by  contact  with  the  ^  itself,  but  likewise  by 
the  radiant  heat  emitted  or  absorbed  by  the  contaming  vessel.  It  is  also  to 
be  remarked  that  the  heated  gases,  in  passing  through  the  calorimeter, 
diminished  In  volume  in  proportion  as  they  cooled.  Mow  it  is  found  in- 
variably that  whenever  the  bulk  of  r  gas  is  diminished,  a  certain  portion  of 
insensible  heat  becomes  sensible ;  so  that  in  the  experiments  of  Delaroche 
and  B6rard,  the  heating  influence  of  the  ^ses  was  a  complex  phenomenon, 
partly  dependent  on  the  heat  lost  in  ooohng,  and  partly  on  that  developed 
fay  the  accompanying  diminution  in  volume.  This  last  source  of  heat 
ought  to  have  been  avoided,  and  in  the  experiments  of  Crawford  it  was  so ; 
for  the  heated  gases  with  which  he  operated,  being  confined  in  a  close  ves- 
sd,  underwent  no  change  of  volume  while  they  coded,  though  of  course 
their  elasticity  was  thereby  diminished. 

These  considerations  induced  De  la  Rive  and  Maroet  to  undertake  this 
difEeoil  inquiry.  In  their  experiments  the  gases  were  confined  in  a  thin 
fflobe  of  glass,  and  the  temperature  was  estimated,  not  by  a  thermometer, 
but  by  the  elastic  force  communicated  by  the  heat,  according  to  the  law  of 
Balton  and  Gay-Lussae  already  mentioned.  (Page  21.)  The  glass  vessel 
was  placed  in  the  centre  of  a  very  thin  copper  globe,  the  inner  snrfoce  of 
which  was  made  to  radiate  finely  by  a  coating  of  lamp-black,  and  the  air 
between  it  and  the  ghtss  globe  was  withdrawn  by  an  air-pump.  The  whole 
apparatus  being  brought  to  the  temperature  of  68^,  was  immersed  during 
exactly  five  minntes  in  vaster  kept  steadily  at  86° ;  and  the  heat  imparted  to 
the  copper  was  radiated  firom  its  inner  surfiice,  and  thus  reached  the  glass 
globe  in  the  centre.  By  always  operating  exactly  in  the  same  manner,  it 
was  ooncdved  that  the  same  volume  of  each  gas  would  receive  equal  quanti- 
ties of  heat  in  equal  times;  and  that  from  the  temperature  thus  communi- 
cated to  each,  its  specific  heat  might  be  inferred.  In  two  sets  of  experiments 
thus  conducted,  they  found  that  each  gas  acquired  the  same  elasticity,  or 
was  heated  to  the  same  degree;  and  thence  they  inferred  that  gases  in  gene- 
ral, for  equal  volumes  and  pressures,  have  the  same  capacity  for  heat  They 
also  operated  with  the  same  gas  at  different  densities ;  and  concluded  thiut 
the  specific  heat  of  each  gas,  for  equal  volumes,  diminishes  slowly  as  its 
density  decreases. 

In  Che  An.  deCh,etd€  Ph.  xi.i.  113,  Dulong  has  published  some  critical 
remarks  on  these  experiments.  He  argues,  in  the  first  pkce,  that  the  quan- 
tity of  gas  employed  was  so  small,  that  any  effect  arising  from  a  difference 
in  specific  heat  could  not  be  appreciated.  He  contends,  further,  that  the 
temperature  acquired  by  a  gas  m  such  experiments  is  not  influenced  by  its 
specific  heat  only,  but  in  part  by  the  relative  facility  with  which  heat  is 
transmitted  through  the  gas.  It  has  been  already  observed  that  heat  is 
conducted  by  gaseous  matter  with  extreme  slowness,  but  is  rapidly  difihsed 
through  it  in  consequence  of  the  mobility  of  its  particles.  Now  gases  differ 
considerably  under  this  point  of  view.  Hydrogen  acquires  the  temperature 
of  a  hot  body  placed  in  it  much  mora  rapidly  than  carbonic  add ;  and,  there- 
fore, were  the  same  volume  of  these  gases  exposed  for  an  equal  short  period 
to  equal  sources  of  heat,  the  fiwmer  would  acquire  a  higher  temperature 
simply  from  iU  conveying  heat  more  readily.  The  validity  of  these  Btno- 
tures  can  scarcely,  I  apprehend,  be  denied.  It  may,  therefore,  be  inferred 
from  the  foregoing  observaUons,  that  the  specific  hcaU  of  the  ^g»««  "«  »>J 
yet  accurately  known,  and  that  the  numbers  stated  by  pdarocfae  and  B^rard 
are  probably  the  best  approximations  hitherto  published. 
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The  circumttanoes  which  merit  pulicular  notice,  oonoerninff  the  epecifie 
heat  of  bodies,  may  be  arranged  under  the  eiffht  following  heads: — 

1.  Every  sabetanee  has  a  specific  heat  peculjar  to  itself ;  whence  it  follows, 
that  a  change  of  composition  will  be  attended  by  a  change  of  capacity  for 
heat 

2.  The  specific  heat  of  a  body  varies  with  its  form.  A  solid  has  a  snialler 
capacity  for  heat  than  the  same  substance  when  in  the  state  of  a  liquid';  the 
specific  heat  of  water,  for  instance,  being  9  in  the  solid  state,  and  10  in  the 
liquid.  Whether  the  same  weight  of  a  bodjr  has  a  greater  specific  heat  in  the 
solid  or  liquid  form  than  in  that  of  vapour,  is  a  circumstance  not  yet  decided. 
The  only  experiments  in  point  are  those  of  Crawford,  and  Delaroche  and 
Bc^rard.  The  former  estimated  the  specific  heat  of  vapour  at  1.55,  and  the 
French  philosophers  at  0.847,  compared  to  that  of  water  as  unity ;  nor  is  it 
possible  to  say  which  of  these  widclv  discordant  results  is  nearer  the  truth, 
as  neither  can  be  relied  on  with  confidence.* 

3.  When  a  given  weight  of  any  gas  is  made  to  vary  in  density  and 
Tolume  while  its  elasticity  is  unchanged,  as  when  air  confined  in  a  tuns  over 
mercury  is  heated  and  sufiered  to  expand  without  variation  of  pressure,  the 
specific  heat  is  believed  to  remain  constant  Gaseous  matter,  being  free 
from  the  disturbing  agency  of  cohesion,  is  very  equaUv  influenced  by  heat : 
according  to  our  best  observations,  equal  increments  of  heat,  when  the  elas- 
ticity is  constant,  give  rise  both  to  equal  increments  of  temperature  and 
equiJ  expansions. 

4.  Of  the  specific  heat  oi  equal  volumes  of  the  tame  gas  at  a  varying 
density  and  elasticity,  as  when  air  is  forced  into  a  bottle  with  different  de- 
grees of  force,  nothing  certain  has  been  established ;  for  the.  experiments  of 
De  la  Rive  and  Marcet,  above  described,  have  led  to  no  decisive  conclusion. 

5.  The  specific  heat  of  equal  weights  of  the  same  ^s  varies  as  the  density 
and  elasticity  vary.  Thus,  when  100  measures  of  air  expand  by  diminished 
pressure  to  200  measures,  its  specific  heat  is  increased ;  and  when  the  same 
quantity  of  air  is  compressed  into  the  space  of  50  measures,  its  specific  heat 
IS  diminished.  The  exact  rate  of  increase  is  unknown ;  but  according  to 
Delaroche  and  B^rard,  the  ratio  is  less  rapid  than  the  diminution  in  density; 
that  is,  the  specific  heat  of  any  gas  being  1,  it  is  not  2,  but  between  one  and 
two,  when  its  volume  is  doubled. 

6.  The  specific  heat  of  solids  and  liquids  was  formerly  thought,  especially 
by  Drs.  Crawford  and  Irvine,  to  be  constant  at  all  temperatures,  so  long  as 
they  suffer  no  change  of  form  or  composition.  Dr.  Dalton,  however,  (Che- 
mical Philosophy,  part  I.  p.  50,)  endeavours  to  show  that  the  specific  heat  of 
such  bodies  is  greater  in  high  than  at  low  temperatures ;  and  Petit  and  Du- 
long,  in  the  essay  already  quoted,  have  proved  it  experimentally  with  respect 
to  several  of  them.    Thus  the  mean  specific  heat  of  iron  between 

0^  Centigrade  and  100'>   Centigrade  is  0.1098 

Oo  .             .  200O           !  .  0.1150 

Oo  .              .  300O            .  .  ,     0.1218 

Oo  .              .  350«            .  .  0.1255 


*  The  question  here  referred  to  may  not  be  decided  experimentally  with 
rigid  accuracy,  and  yet  it  is  decided  with  much  plausibility  by  the  admitted 
doctrine  of  the  formation  of  vapours  from  liquids,  and  the  increased  specific 
heat  of  vapours  by  rare^tion.  Dr.  Turner  admits  that  tbe  specific  heat  of 
water  in  the  liquid  state  is  greater  than  in  that  of  ice.  Is  it  not  probable 
then  that  the  specific  heat  of  steam  is  greater  than  that  of  an  equal  weight 
of  water  ?  Conceding  that  the  increased  capacity  that  takes  place  as  water 
changes  into  steam,  is  not  conclusive  as  to  the  increased  specific  heat  of  the 
steam  itself  after  having  been  formed ;  yet  as  a  separation  of  the  particles 
of  steam  by  raiefiiction  is  admitted  to  increase  its  specific  heat,  a  fortiori  the 
greater  separation  of  the  aqueous  particles  in  passing  firom  water  to  steam 
might  be  supposed  to  be  attended  with  tbe  same  result-*£<2. 


BKAT. 


36 


in  the  foOewing  tiUe. 

Mean   Capacity 

Mean  Capacity 

between  (P  and  lOOO  c. 

between  Oo  and  aOQo  c. 

Jtfercory              • 

0.0330 

0.0350 

Zinc 

0.0927 

0.1015 

Antimony    . 

0.0507 

0.0549 

Silver      . 

0.0557 

0.0611 

Copper 

0.0949 

0.1013 

Platinam 

0.0335 

0.0355 

Gkas 

ai770 

0.1900 

It  u  difficult  to  determine  whether  the  increased  specific  heat  observed  in 
solids  and  liquids  at  hip^fa  temperatures  is  owin^f  to  the  accumulation  of  heat 
within  them,  or  to  their  dilatation.  It  is  asonbed  in  {general  to  the  latter, 
and  I  believe  correctly;  because  the  expansion  and  contraction  of  gases  by 
change  of  pressure,  without  the  aid  of  heat,  is  attended  with  corresponding 
changes  of  specific  heat 

7.  Change  of  specific  heat  always  occasions  a  change  of  temperature. 
Increase  in  the  former  is  attended  by  diminution  of  the  latter ;  and  decrease 
in  the  former  by  increase  of  the  latter.  Thus  when  air,  confined  within  a 
flaccid  bladder,  is  suddenly  dilated  by  means  of  the  air-pump,  a  thermometer 
plaoed  in  it  will  indicate  the  production  of  cold.  On  the  contrary,  when  air 
is  compressed,  the  corresponding  diminution  of  its  specific  beat  gives  rise  to 
increase  of  temperature ;  nay,  so  much  heat  is  evolved  when  the  compression 
IB  sodden  and  forciUe,  that  tinder  may  be  kindled  by  it  The  explanation 
of  these  fkcta  ia  obvious.  In  the  first  case,  a  quantity  of  heat  becomes  in- 
sensible, which  was  previously  in  a  sensible  state;  in  the  second,  heat  is 
evolved,  which  was  previously  latent 

8.  A  carious  relation  between  the  specific  heat  of  some  elementary  sub- 
stances and  their  atomic  weight  was  discovered  by  Dulong  and  Petit ;  namely, 
that  the  product  of  the  specific  heat  of  each  element  by  the  weight  of  its 
atom  is  a  constant  quantity.  This  relation,  if  general,  would  be  of  great 
interest,  as  leading  directly  to  the  inference  that  the  atoms  of  elementary 
substances  have  the  same  specific  heat,  and  enabling  chemists  to  calculate 
either  the  specific  heat  of  elements  from  their  atomic  weight,  or  conversely 
their  atomic  weight  fi-om  their  specific  heat  (An.  de  Ch.  ct  de  Ph.  x.  4Q3.) 
The  relation  above  alluded  to  was  exemplified  by  Dulong  and  Petit  by  a 
table  similar  to  the  subjoined. 

Product  of  the  ip.  heat 
Relative  Weights  of  each  element  by  the 

Bneeifie  Haat.  ' 

Ix»d 
Tin 
Zinc    . 
Tellurium 

IKcCl     . 
Iron 

Sulphur   . 
Platinum 
Bismath  . 
Cobalt  . 
Mcrenry 
SUver   . 
Gold 


Specifie  Heat 

0.0393 

X 

.     0.0514 

X 

0.0927 

X 

.      0.0912 

X 

0.0949 

X 

.      0.1035 

X 

0.U0G 

X 

.      0.1880 

X 

0.0335 

X 

.     0.0288 

X 

0.1498 

X 

.     00330 

X 

0.0557 

X 

.     0.0298 

X 

of  atoma. 

weight  of  iu  atom 

103.6 

as 

3.0354 

57.9 

ss 

2.9760 

32.3 

=1 

2.9942 

32.3 

sa 

2.9457 

31.6 

as 

2.9988 

29.5 

^ 

3.0532 

28 

IB 

3.0800 

16.1 

^ 

3.0268 

98.8 

BS 

3.3098 

71 

^ 

2.0448 

29.5 

^ 

4.4191 

202 

^ 

6.6660 

108 

^ 

6.0156 

199.2 

a 

5.9361* 

•ProfesK>r  A.  D.  Bacbe,  of  the  University  of  Pennsylvania,  poinfed  out 
m  1829,  that  the  coincidences  between  the  specific  heats  of  the  atoms  of 


86  HEAT. 

It  will  beobferred,  OD  intpectin^  the  last  coIqihb  of  the  table,  that  the  pco- 
duct  of  the  spedfic  beat  ioto  the  atomic  weight  is  very  nearly  3  for  the  first 
eight  eubetanoes.  Platinum  deviates  visibly  from  the  law,  and  bismuth  and 
omit  strikingly.  The  three  last  metals  would  nearly  coincide  with  the  lavr, 
were  their  respective  atomic  weight  estimated  at  half  the  number  given  in 
the  table.  It  is  singular  that  the  tabular  view  originally  framed  by  Dulongr 
and  Petit  exhibited  a  more  perfect  coincidence  than  appears  in  my  table,  and 
that  the  difference  arises  from  the  substitution  of  the  atomic  weights  now 
used  for  the  less  correct  ones  employed  by  them.  This  circumstance  is  so 
&r  un&vourable  to  the  notion  of  a  law ;  but  still  the  cases  which  do  coincide 
appear  too  numerous  to  be  the  result  of  chance.  Dr.  Dalton,  in  his  Cbcmical 
Philosophy  (iL  293,)  contends  that  the  law  cannot  be  true ;  since,  as  Dulongr 
and  Petit  have  shown,  the  specific  heat  of  a  substance  is  not  constant,  but 
varies  both  fixim  a  change  of  form,  and  even  with  variation  of  temperature 
without  chancre  of  form.  To  the  latter  part  of  the  criticism,  Dulong  and 
Petit  are  certainly  exposed ;  but  tliey  have  anticipated  the  former  by  remark- 
ing, that  the  law  is  not  affected  by  change  of  form,  provided  the  substances 
compared  are  taken  in  the  same  state,  ruture  observation  must  decide  on 
the  validity  of  this  position. 

LIQUEFACTION. 

All  bodies  hitherto  known,  are  either  solid,  liquid,  or  gaseous ;  and  the 
form  they  assume  depends  on  the  relative  intensity  of  cohesion  and  repul- 
sion. Should  the  repulsive  force  be  comparatively  fbeble,  the  particles  will 
adhere  so  firmly  together,  that  they  cannot  move  freely  upon  one  another, 
thus  constituting  a  solid.  If  cohesion  is  so  fiir  counteracted  by  repulsion, 
that  the  particles  move  on  each  other  freely,  a  liquid  is  formed.  And  should 
the  cohesive  attraction  be  entirely  overcome,  so  that  the  particles  not  only 
move  fi'eely  on  each  other,  but  would,  unless  restrained  by  external  pressure, 
separate  from  one  another  to  an  almost  indefinite  extent,  an.  a§rifi>rm  sub- 
stance will  be  produced. 

Now  the  property  of  repulsion  is  manifestly  owing  to  heat ;  and  as  it  is 
easy  within  certain  limits  to  increase  or  diminish  the  quantity  of  this  prin- 
ciple in  any  substance,  it  follows  that  the  form  of  bodies  may  be  made  to 
vary  at  pleasure :  that  is,  by  heat  sufficiently  intense  every  solid  may  be  con- 
verted into  a  fluid,  and  every  fluid  into  vapour.  This  inrerence  is  so  far  jus- 
tified by  experience,  that  it  may  safely  be  considered  as  a  law.  The  con- 
verse ought  also  to  be  true,  and,  accordingly,  several  of  the  gases  have 
already  been  condensed  into  liquids  by  means  of  pressure,  and  liquids  have 
been  solidified  by  cold.  The  temperative  at  which  lique^ctinn  takes  place 
u  called  the  melting  point,  or  point  of  fusion ;  and  that  at  which  liquids 
solidify,  their  point  of  congelation.  Both  these  points  are  different  for  difl 
ierent  substances,  but  uniformly  the  same,  under  similar  circumstances^  in 
the  same  body. 

The  most  important  circumstance  relative  to  liquefkction  is  the  discovery 
of  Dr.  Black,  that  a  large  quantity  of  heat  disappears,  or  becomes  insensible 
to  the  thermometer,  during  the  process.  If  a  pound  of  water  at  9Si9  be 
mixed  with  a  pound  of  water  at  172^,  the  temperature  of  the  mixture  will 
be  intermediate  between  them,  or  103°.    But  if  a  pound  of  water  at  VTQ9  be 


bodies  is  &r  less  striking  when  the  corrected  atomic  weights  are  employed, 
than  they  appear  to  be  in  Dulong  and  Petit's  table,  in  which  the  old  atomic 
numbers  are  used.  Dr.  Turner  here  gives  a  new  table,  as  a  substitute  for 
Dulong  and  Petit*s,  adopting  the  atomic  weights  according  to  the  latest 
determinations,  and  confirms  Professor  Bache*s  view.  A  number  of  errors 
in  the  atomic  weiffats  and  calculations  of  Dr.  Turner's  table  have  been  cor- 
rected. See  Pro^Bache's  paper  in  the  Jour,  of  the  Acad,  of  Nat.  Sciences 
of  Philadelphia,  for  Jan.  1839.— £d. 
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added  to  a  pound  of  ioe  at  3SP,  the  ice  will  quicUy  duaoKre,  and  on  placiiif 
a  IftenDometer  in  the  mixture,  it  will  be  found  to  etaod,  not  at  1039,  but  at 
39^.  In  this  experiment,  the  pound  of  hot  water,  which  was  originally  at 
172°,  actually  loses  140  degrees  of  heat,  all  of  which  enters  into  the  ioe,  and 
causes  its  liquefaction,  but  without  affecting  ita  temperature ;  whence  it  fol- 
lows that  a  quantity  of  heat  becomes  insensible  .during  the  melting  of  ice, 
sufficient  to  raise  the  temperature  of  an  equal  weight  of  water  by  140  do- 
grees  of  FahreoheiL  This  explains  the  well  known  fiict,  on  which  the  gni^ 
doation  of  the  thermometer  depends, — that  the  temperature  of  melting  ioe 
or  snow  ncycr  exceeds  33^  F.  All  the  heat  which  is  added  beoomes  insen^ 
BiUe,  till  the  liquefaction  is  complete. 

The  loos  of  sensible  heat  which  attends  liqoe&ction  seems  essentially 
neeessary  to  the  change,  and  for  that  reason  is  frequently  called  the  heat  of 
JluidiUf.  The  acAoal  quantity  of  heat  required  for  this  purpose  varies  with 
the  substance,  as  is  proved  by  the  following  results  obtained  by  Irvine. 
The  dcjgrees  indicate  the  extent  to  which  an  equal  weight  of  each  "Mitwisl 
may  be  heated  by  the  heat  of  fluidity  which  is  proper  to  it 


HeatofFlttJdity. 

Heat  of  Fluidity. 

Sulphur    . 

143.680F. 

Zinc    . 

,    493<^F. 

Spermaceti  • 

.    145° 

Tin 

500O 

Lead 

leao 

Bismuth 

.    550O 

Beeawax 

.    1750 

As  so  much  beat  disappears  during  liquefaction,  it  follows  that  heat  must 
be  evolved  when  a  liquid  passes  into  a  solid.  This  may  easily  be  proved. 
The  temperature  of  water  in  the  act  of  freezing  remains  at  32^,  though  ex- 
posed  Co  an  atmosphere  in  which  the  thermometer  is  at  zero.  In  order  that 
the  water  under  such  circumstances  should  preserve  its  temperature,  it  is 
necessary  that  heat  should  be  supplied  as  fast  as  it  is  abstracted ;  and  it  is 
obvious  that  the  only  source  of  supply  is  the  heat  of  fluidity.  Further,  if 
pure  recently  boiled  water  be  cooled  iferj  slowly,  and  kept  vefy  tranquil,  ita 
temperature  may  be  lowered  to  21°  without  any  ice  being  formed ;  but  the 
least  motion  causes  it  to  congeal  suddenly,  and  in  doing  so  its  temperature 
rises  to  32°.    (Sir  C.  Blagden  in  Phil  Trans.  1788.) 

The  explanation  which  Dr.  Black  gave  of  these  phenomena  constitutes 
what  U  called  hb  doctrine  of  latent  Mat,  which  was  partially  explained  on 
a  former  occasion.  (Pa^  29.)  He  conceived  that  heat  in  causing  fluidity 
loses  its  property  of  acting  on  the  thermometer  in  consequence  of  combin- 
ing chemically  with  the  solid  substance,  and  that  liquefaction  results,  be- 
cause the  compound  so  formed  does  not  possess  that  degree  of  cohesive  at- 
traction on  which  solidity  depends.  When  a  liquid  is  cooled  to  a  certain 
point,  it  parts  with  its  bnt  of  fluidity,  heat  is  set  free  or  beoomes  sensible, 
and  tiie  cohesion  natural  to  the  solid  is  restored.  The  same  mode  of  reason- 
ing was  applied  by  l)r.  Black  to  the  conversion  of  liquids  into  vapours,  a 
change  during  which  a  large  quantity  of  heat  disappears. 

A  difierent  exphmation  of  these  phenomena  was  proposed  by  Dr.  Irvine. 
Observing  that  a  solid  has  a  smaller  specific  heat  than  the  same  substance 
when  in  a  liquid  state,  he  ar^ed  that  this  circumstance  alone  accounts  for 
beat  becoming  insensible  during  liquefaction.  For  since  the  specific  beat  of 
ice  and  water,  or  in  other  worcu,  the  quantity  of  heat  required  to  raise  their 
temperature  by  the  same  number  of  degrees,  was  found  to  be  as  9  to  10,  Dr. 
Irvine  inferred  that  ioe  must  contain  one-tenth  less  heat  than  water  of  the 
same  temperature ;  and  that  as  this  di^rence  must  be  supplied  to  the  ice 
when  it  is  converted  into  water,  the  change  must  necessarily  be  accompa- 
aied  with  the  disappearance  of  heat  Dr.  Irvine  applied  the  same  argument 
to  the  liqne&etion  of  all  solids,  and  likewise  to  account  for  the  heat  which  is 
rendered  insensible  during  the  formation  of  vapour. 

Two  objections  may  properly  be  urged  against  the  opinion  of  Dr.  Irtine. 
In  the  first  pUce,  no  adequaU  reason  w  ass&ned  for  the  liquefrction.  It  ac- 
Ibff  the  dimppaavanMof  beat  whi<£  aeeompmiies  Uqm&ctaea,  but 
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does  not  explain  wby  the  %idy  becomes  liquid ;  whereaa  the  hypothesis  of 
Biaek  afibrdi  an  explanation  both  of  the  change  itseU|  and  of  the  phenomena, 
that  attend  it  But  the  second  objection  is  still  more  conclusive.  Pr.  Ir- 
▼ine  argued  on  the  belief  that  a  liquid  has  in  everj  case  a  greater  specific 
heat  than  when  in  the  solid  state ;  and  though  this  point  has  not  hewn  de- 
nonstrated  in  a  manner  entirely  decisive,  yet  from  the  experiments  hitherto 
made,  it  appears  that  liquids  in  general  have  a  greater  specific  heat  than  so- 
lids, and  that,  therefore,  Irvine's  assumption  is  probably  correct  In  like 
manner  he  believed  vapours  to  have  a  greater  specific  heat  than  the  liquids 
that  yield  them,  and  his  opinion  was  supported  l^  the  experiments  of  Craw- 
ford on  the  specific  heat  of  water  and  watery  vapour.  But  no  relianoe 
whatever  can  be  placed  on  the  researches  of  Crawford  on  this  subject ;  not 
only  because  his  result  is  so  difierent  from  that  obtained  bv  Delaroche  and 
B4rard,  but  because  all  his  other  experiments  on  the  specific  heat  of  elastic 
fluids  are  decidedly  erroneous.  (Page  32.)  Indeed  fh>m  the  fact  of  most 
gases  having  a  smaller  specific  beat  than  liquids,  it  is  probable  that  the  spe- 
cific heat  of  elastic  fluids  in  general  is  inferior  to  that  of  the  liquids  from 
which  they  are  derived.*  The  disappearance  of  heat  during  vaporization  is* 
tberefiire,  not  explicable  on  the  views  of  Irvine ;  it  is  necessary  to  employ 
the  theory  of  Dr.  Black  to  account  for  that  change,  and,  therefore,  the  same 
doctrine  should  be  applied  to  the  analogous  phenomenon  of  liquefiLction. 

In  speculating  on  liie  cause  of  the  specific  heat  of  bodies,  at  page  29, 1 
had  recourse  to  the  doctrine  of  latent  or  combined  heat.  Black  restricted 
the  use  of  this  hypothesis  to  explsin  the  phenomena  of  Uquefiiction  and  tb- 
porixati<m ;  but  I  apprehend  it  may  be  applied  without  impropriety  to  all 
eases  where  heat  passes  fi-om  a  sensible  to  an  insensible  state.  That  this 
may  happen,  when  heat  enters  a  body,  witliout  change  of  form,  is  easily  de- 
monstrated. Thus,  in  order  to  raise  an  equal  weight  of  water  and  mercury 
by  the  same  number  of  degrees,  it  n  necessary  to  add  23  times  as  much 
hieat  to  the  water  as  to  the  mercury ;  a  fact  which  proves  that  a  quantity  of 
heat  becomes  insensible  to  the  thermometer  when  the  temperature  of  water 
is  raised  by  one  degree,  just  as  happens  when  ice  is  converted  into  water,  or 
water  into  vapour .t  The  phenomena  arc  in  this  point  of  view  identical ; 
and,  therefore,  the  same  moide  of  reasoning  by  which  one  of  than  u  explain- 
ed, may  be  employed  to  account  for  the  othcf. 

The  loss  of  sensible  heat  in  liquefaction  is  the  basis  of  many  artificial 
processes  for  producing  cold.  All  of  them  are  conducted  on  the  principle  of 
liquefying  solid  substances  without  the  aid  of  heat  For,  the  heat  of  fluidity 
being  then  derived  chiefly  fbom  that  which  had  previously  existed  within 
the  solid  itself  in  a  sensible  state,  the  temperature  necessarily  falls.  The 
degree  of  cold  thus  produced  depends  upon  the  quantity  of  beat  which  die- 
appears,  and  this  a^in  is  dependent  on  the  quantity  of  solid  matter  lique- 
fied, and  on  the  rapidity  of  liquefaction. 

The  most  common  method  of  producing  cold  is  by  mixing  together  equal 
parts  of  snow  and  salt  The  salt  causes  the  snow  to  melt  by  reason  of  its 
afllnity  for  water,  and  the  water  dissolves  the  salt;  so  that  both  of  them  be- 
come liquid.  The  cold  thus  generated  is  32  degrees  below  the  temperature 
of  freezingwater ;  that  is,  a  thermometer  placed  in  the  mixture  would  stand 
at  lero.  This  is  the  way  originally  proposed  by  Fahrenheit  for  determining 
the  commencement  of  his  scale. 

Any  other  substances  which  have  a  strong  affinity  for  water  may  be  sub- 
stituted  for  the  salt;  and  those  have  the  greatest  eflfect  in  producing  cold 
whose  affinity  for  that  liquid  is  greatest,  and  which  consequently  produce 
the  most  rapid  liquefaction.  The  crystallized  chloride  of  calcium  proposed 
hj  Lowitz,  IS  by  fiu-  the  most  convenient  in  practice.  It  may  be  made  by 
dissolving  marble  in  muriatic  acid,  and  concentrating  the  solution  by  evapo- 

*  See  note,  page  34^  relating  to  this  point — Ed. 

t  See  note,  page  30,  where  this  view  of  the  sobject  is  eootrovtrtad.<^JBtf. 
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ntioot  tiOt  upon  letting  a  drop  of  it  &SL  upon  a  cold  laaoer,  it  beeomes  a  m- 
lid  inaM.  It  shouid  uen  be  withdrawn  from  the  fire,  and  when  oold  be 
apoodnjr  reduced  to  a  fine  powder.  From  its  extreme  deliqaeaoence  it  must 
be  preoerved  in  well-stopped  vessels.  The  fbUowinf  table,  firom  Mr. 
Walker's  paper  in  the  Philosophical  Transactions  fi>r  1^1,  contains  the  best 
proportions  €ar  producing  intense  cold. 

FfilGORIFiC  MIXTURES  WITH  SNOW.* 


Saa-sak 

Snow 


Parts 
by  weight 


Sea-aalt 

Muriate  uf  ammonia 


Muriate  of  ammonia 
itrate  of  i 


,  10 

5 

5 

24 


L-eak 
Itrate  of  ammonia 
Snow 


5 

5 
12 


Tbermoneler  sinks 


to    —50 


10—120 


to— 180 


to— 250 


Degree  of  Cold 
produced. 


Diluted  snlphoric  acidt 
Snow     .        •        .        « 


from  +32°  to  —230 


55  degrees. 


Concentrated  moriatic  add    5 
Snow     .        .        .        •        8 


from  +32°  to  —270 


Conoentraied  nitroui  acid      4 
Snow         ....    7 


from  -f-330  to  —30° 


Chloride  of  caleiom 
Snow 


62 


Cfjstallized  chloride  of 

calcium         .        .        .3 
Snow     ....        2 


from  +32°  to  — 40O 


72 


from  +320  to  — 50O 


82 


Fused  potassa 
Snow     . 


fit>m  4-320  to  — 51<3 


But  freexing  mixtures  maybe  made  by  the  rapid  solution  of  salts,  without 
the  use  of  mow  or  ioe;  and  the  following  table,  taken  from  Walker's  Essay 
in  the  FkiJosophtGal  Transactions  for  1795,  includes  the  most  important  of 
'"^  The  saks  most  he  finely  powdered  and  dry. 


*  The  snow  should  be  freshly  fiUlen,  dry,  and  uncompressed.    If  1 
CMinot  be  had,  finely  powdered  ice  may  be  substituted  lor  it 

f  Blade  of  strong  acid,  diluted  with  half  its  weight  of  snow  or  distilled 
water. 
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■irruui. 

Parts  Iqr 
Welfht 
Mariate  of  ammonia  .      o 
Nitrate  of  potasM  .          5 
Water         ...    16 

Temperature  falls 
from +50°  to +100 

Degree  of  Cold 
prodooed* 

40  degrees. 

Muriate  of  ammonia         5 
Nitrate  of  potaam             5 
Sulphate  of  aoda     .          8 
Water         ...    16 

from  +50O  to  +40 

46 

Nitrate  of  ammonia           1 
Water         ...      1 

from  +50°  to  +40 

46 

Nitrate  of  ammonia           1 
Carbonate  of  loda             1 
Water     ...          1 

from  +50O  to  —70 

57 

Sulphate  of  soda                3 
Diluted  nitroua  acid<         3 

from  +50O  to  —3° 

53 

Sulphate  of  eoda                6 
Muriate  of  ammonia         4 
Nitrate  of  potaaaa             2 
Diluted  nitrous  acid          4 

from  +500  to  —10° 

60 

Sulphate  of  soda                6 
Nitrate  of  ammonia          5 
Diluted  nitrous  acid    .      4 

from  +50°  to  — 14® 

64 

Phosphate  of  soda             9 
Diluted  nitrous  acid    .      4 

from  +500  to  — 120 

63 

Phosphate  of  soda             9 
Nitrate  of  ammonia    .      6 
Diluted  nitrous  acid           4 

from  +50°  to  —31° 

•31 

Sulphate  of  soda               8 
Muriatic  acid          .          5 

from  +500  to  00 

50 

Sulphate  of  soda                5 
DUuted  sulphuric  acidt      4 

from  +50O  to  +3o 

47 

These  arttficiai  processes  for  venerating  cold  are  much  more  effectual 
when  the  materials  are  previously  cooled  by  immersion  in  other  frirorific 
mixtuiea.  One  would  at  first  suppose  that  an  unlimited  degree  of  cold 
might  be  thus  produced;  but  it  is  found  that  when  the  difference  between 
Ihe  mixture  and  the  air  becomes  very  great,  the  communication  of  heat 
from  one  to  the  other  becomes  so  rapid,  as  to  put  a  limit  to  the  reduction. 
The  greatest  cold  produced  by  Mr.  Walker  did  not  ezoeed  100  degrees  be- 
tow  the  zero  of  Fahrenheit 

Though  it  is  unlikely  that  we  shall  ever  succeed  in  depriving  any  sub- 
stance  of  all  its  heat,  it  is  presumed  that  bodies  do  contain  a  certain  definite 
quantity  of  this  principle,  and  various  attempts  have  been  made  to  calculate 
its  amount  The  mode  of  conducting  such  a  calculation  may  be  shown  by 
the  process  of  Dr.  Irvine.  That  ingenious  chemist  proceeded  on  the  as- 
sumption,  that  the  actual  quantity  of  heat  in  bodies  is  proportional  to  their 
■peeific  heat,  and  that  the  specific  heat  remains  the  same  at  all  temperatures, 
provided  no  change  of  form  takes  place.    Thus,  as  the  specific  heat  of  ice 


*  Composed  of  fuming  nitrous  acid  two  parts  in  weight,  and  one  of  water ; 
the  mixture  being  allowed  to  cool  before  being  used. 

t  Compoeed  of  equal  wdghts  of  strong'  acid  and  water,  being  allowed  to 
cool  befi>re  use. 
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is  to  tliat  of  water  m  9  to  10,  it  ibUows,  acoordinsr  to  the  hjpothenB,  tkat 
ice  oontuns  l-lOth  lees  heat  than  water,  at  the  same  tempefature.  Now 
Or.  Bbck  aecertained  that  this  tenth,  which  is  the  heat  of  fluidify,  is  equal 
to  140  deffrees;  whence  it  was  inferred  that  water  at  3^  oontauis  10  timee 
140  or  1^  degnes  of  heat 

To  he  aatjafed  that  such  calcuUtions  cannot  he  trasted,  it  is  soffieient  to 
know,  thai  the  estimates  made  by  different  chemiste  respecting  the  aheolote 
quantity  of  heat  In  water  vary  from  900  to  nearly  8000  de^prees.*  Besides, 
did  even  the  estimates  agree  with  each  other,  the  principle  of  the  calcoktien 
would  stiU  be  onsatiBfiiclory;  for,  in  the  fint  place,  there  is  no  proof  that 
the  quantify  of  heat  in  bodies  is  in  the  ratio  of  their  speciflc  heate;  and, 
aecondy,  the  assumption  that  the  specific  heat  of  a  body  is  the  same  at  all 
temperatures,  so  long  as  it  does  not  experience  a  change  of  form,  has  been 
proved  to  he  erroneous  by  the  experiments  of  Dulong  and  Petit 

VAPORIZATION. 

Aeriform  substances  are  commonly  dhided  into  fapoors  and  gases.  The 
character  of  the  former  is,  that  they  may  be  readily  converted  into  liquids 
or  solids^  either  br  a  moderate  increase  of  pressure,  the  temperature  at 
which  they  were  formed  remaining  the  same,  or  by  a  moderate  diminution 
of  that  temperatore,  without  chaB|[e  of  pressure.  Grases,  on  the  contrary, 
letain  their  ekstic  state  more  obstinately;  they  are  always  gaseous  at  oom. 
mom  temperatures,  and,  with  one  or  two  exceptions,  cannot  be  made  to 
4diange  their  form,  unless  by  being  subjected  to  much  greater  pressure  than 
they  are  aatarally  exposed  to.  Several  of  them,  indeed,  have  hitherto  re- 
sisted  every  effort  to  compress  them  into  liquids.  The  only  difference  be- 
tween gases  and  vapours  is  in  the  relative  forces  with  which  they  resist 
condensation. 

Heat  appears  to  be  the  cause  of  vaporization,  as  well  as  of  liquefoction, 
and  it  is  a  general  o(nnion  that  a  sufficiently  intense  heat  would  convert 
every  liquid  and  solid  into  vapour.  A  considerable  number  of  bodies,  how- 
ever, resist  the  strongest  heat  of  our  furnaces  without  vaporizing.  These 
are  said  to  be  Hxed  in  the  fire :  those  which,  under  the  same  drcumstanoes, 
are  converted  mto  Taponr,  are  called  voUstUe. 

The  disposition  of  yarions  substances  to  yield  vapour  is  very  diflbrent; 
and  the  differetioe  depends  doubtless  on  the  relative  power  of  cohesion  with 
which  they  are  endowed.  Liquids  are,  in  general,  more  easily  vaporized 
than  solids^  as  would  be  expected  firom  the  weaker  cohesion  of  the  former. 
Some  solids,  such  as  arsenic  and  sal  ammoniac*  pass  at  once  into  vapour 
without  being  liquefied ;  but  most  of  them  become  liquid  before  assuming 
the  elastic  condition. 

Vapours  occupy  more  space  than  the  substances  from  which  they  were 
produced.  According  to  die  experimente  of  Gay-Lusaae,  water,  at  ite  point 
of  greatest  dexmty,  in  passing  into  vapour,  expands  to  1696  limes  ite  ¥a> 
Inme,  alcohol  to  659  times,  and  ether  to  443  times,  each  vaponjr  being  at  a 
temperature  of  ftifiP  F.  and  under  a  pressure  of  99S9  inches  of  mereury. 
This  shows  that  vapours  difl&r  in  densify.  Watery  vapour  is  lighter  than 
air  at  the  same  temperature  and  pressure,  in  the  proportion  of  1000  to  1604; 
or  the  density  of  air  being  1000,  that  of  watery  vapour  is  635.  The  yapour 
of  alcohol,  on  the  contrary,  is  half  as  heasr  again  as  air;  and  that  of  vther 
Ss  more  than  twice  and  a  half  as  heavy.  As  lUoohol  boils  at  a  lower  tempe- 
rature than  water,  and  ether  than  alcohol,  it  was  conceived  that  the  density 
of  vapours  might  be  in  the  direct  ratio  of  the  yolatility  of  the  liquids  whidi 
produoed  thenu  But  Gay-Lussaa  has  shown  that  this  law  does  not  hold  ge- 
neraOy;  since  bisulphuret  of  carbon  boils  at  a  higher  temperature  than 
ether,  and  nevertheless  it  yields  a  heavier  yapour. 


♦  Palton's  New  System  of  Chen»ical  PhUosophy, 
4* 
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The  dilftUlion  of  wponn  bf  beat  ma  finrnd  by  Gay-Luene  to  IbDow  the 
Mine  law  aa  gasee^  that  is,  tar  every  degree  of  Fahraoheit,  they  incraaae  bjr 
T^^th  of  the  ▼olame  they  oocnpied  at  33^.  But  the  law  does  not  hold  an- 
lass  the  qiuantiU  of  vapour  continue  the  same.  If  the  increase  of  tempenu 
ture  cause  a  fresh  portion  of  vapour  to  rise,  then  tlie  expansion  will  be 
greater  than  T^^r^h  for  each  degree ;  because  the  heat  not  only  dilates  the 
▼apour  previously  eTlsting  to  the  same  extent  as  if  it  were  a  real  gas^  but 
augments  its  bulk  by  adding  a  fresh  quantity  of  vapour.  The  contraction 
of  a  vapour  on  cooling  will  likewise  deviate  from  the  above  law,  whenever 
the  eold  converUi  any  of  it  into  a  liquid ;  an  efi^t  which  must  happen,  if 
the  space  had  orisinatty  contained  its  maximum  of  vapour.  The  circum. 
stances  just  explained  should  be  held  in  view,  whcneiq^r  the  influence  of 
heat  over  the  bulk  of  vapours  is  estimated  by  calculation.  The  formula  of 
page  91,  when  applied  to  vapours,  oflen  leads  to  a  result  which  would  be 
correct  for  any  gas,  but  which  may  be  untrue  in  the  case  of  vapour,  by 
reason  of  its  light  condensibility.  Thus  100  measures  of  steam  at  212^, 
and  when  the  barometer  is  at  30  inches,  would  theoretically  occupy  nearly 
73  measures  at  32°,  and  at  the  same  pressure ;  but  this  estimate  is  praetu 
evUy  untrue,  because  under  the  conditions  specified  water  cannot  exist  in 
the  stete  of  vapour.  The  calculated  result,  being  deduced  from  correct 
principles,  is  sometimes  employed  in  effectinsr  other  calculations. 

The  volume  of  vapour  varies  under  varying  pressure  according  to  the 
same  law  as  that  of  geses,  provided  always  tluit  the  gaseous  state  is  pre- 
served. This  law,  disoovered  by  fioyle  and  M ariotte,  b  more  fUUy  ex. 
plained  in  the  section  on  atmospheric  air,  and  merely  expresses  the  fact  that 
the  volume  of  gaseous  substances  at  a  constant  temperature  is  inversely  as 
the  pressure  to  which  they  are  subject.  If  100  measures  of  steam  at  219^, 
and  under  the  atmospheric  pressure,  be  exposed  to  a  pressure  of  two  atmo- 
spheres, the  vapour  will  be  entirely  condensed,  affording  an  instance  of  fiiiK. 
ure  in  the  law  in  consequence  of  the  gaseous  state  being  entirely  destroyed ; 
but  if  the  pressure  be  halved  instead  of  doubled,  the  100  measures  retain, 
ing  the  gaseous  form,  and  hence  acting  as  a  gas,  will  expand  to  200  mea. 
sures.  In  fiiot,  if  v  be  the  volume  corresponding  to  any  pressure  p,  expressL 
ad  in  inches  of  mercury,  we  shall  have  -j-j^ssAi;  and  hence  v^lOO.  ^^ 
This  formula  gives  the  change  of  volume  due  to  a  change  of  pressure  from 
90  to  ji,  the  temperature  being  supposed  at  212^  in  both  cases.  To  render 
the  preceding  paragraph  intelligible  to  the  young  student,  it  should  be  men- 
tioned that  pressure,  in  reference  to  the  volume  of  gaseous  matter,  is  usual- 
ly ecKpressed  by  the  length  of  a  column  of  mercury:  a  mercurial  column, 
90  inches  in  length,  presses  on  a  given  surface  with  the  same  force  as  the 
atmoephere  in  ita  ordinary  state;  and  hence  a  60-inch  column  is  equal  to 
two  atmospheres,  15  inches  to  half  an  atmosphere,  and  one  inch  to  1.30th 
of  the  atmospheric  pressure. 

Vaporization  is  conveniently  studied  under  two  heads, — Ebullition  and 
BnaporaHon.  In  the  first,  the  production  of  vapour  is  so  rapid  that  ita  es- 
cape  |[ives  rise  to  a  visible  commotion  in  the  liquid ;  in  the  second,  it  passes 
off  quietly  and  insensibly. 

BfmUiUian, — ^Thc  temperature  at  which  vapour  rises  with  sufficient  free- 
dom  for  causing  the  phenomena  of  ebullition,  is  called  the  boiUng  point.  The 
beat  requisite  ter  this  effect  varies  with  the  nature  of  the  liquid.  Thus,  sql- 
phurio  ether  boils  at  96°  F.,  alcohol  at  176^,  and  pure  water  at  212<' ; 
while  oil  of  turpentine  must  be  raised  to  316°,  and  mercury  to  662°,  before 
either  exhibita  marks  of  ebullition.  The  boiUng  point  of  the  same  liquid  is 
constant,  so  long  as  the  necessary  conditions  are  preserved ;  but  it  is  liable 
to  be  affbcted  by  several  circumstances.  The  nature  of  the  vessel  has  some 
iaflueiioe  upon  it  Thus  Gray-Lussac  observed  that  pure  water  boils  precisely 
at  212°  in  a  metallic  vessel,  and  at  214°  in  one  of  glass,  owing  apparently  to 
Ita  adhering  to  glass  more  powerfully  than  to  a  metaL  It  is  likewise  afifeoted 
by  the  presence  of  foreign  particles.  The  same  accurate  experimenter  found, 
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that  when  »  Aw  iron  fifian  are  throwa  into  water,  boiling  in  a  i^laai  xnMol, 
its  temperature  qaickly  fUls  from  214^  to  212<^,  and  remains  stationarf  at 
the  ktter  point  Bat  the  circumstance  which  has  the  greatest  infloence  over 
the  boiiing  point  of  fluids  is  variation  of  pressure.  All  bodies  upon  the  earth 
are  constantly  exposed  to  considerable  pressure ;  for  the  atmosphere  itself 
prceaes  with  a  finrce  equivalent  to  a  weight  of  15  pounds  on  every  square 
mch  of  surface.  Liquids  are  exposed  to  this  pressure  as  well  as  solids,  and 
their  tendency  to  take  the  fiirm  of  vapour  is  very  much  counteracted  by  it. 
In  fact,  they  cannot  enter  into  ebullition  at  all,  till  their  particles  have  ac- 
quired such  elastic  force  as  enables  them  to  overcome  the  pressure  upon  their 
sur&cee ;  that  is,  till  they  press  against  the  atmosphere  with  the  same  force 
as  the  atmosphere  against  them.  Now  the  atmospheric  pressure  is  variable, 
and  hence  it  follows  that  the  boiling  point  of  liquids  must  also  vary. 

The  pressure  of  the  atmosphere  is  equal  to  a  weight  of  15  pounds  on  every 
square  inch  of  surftce,  when  the  barometer  stands  at  30  inches,  and  then 
only  does  water  boil  at  212^^  F.  If  the  pressure  be  less,  that  is,  if  the  baro- 
meter  £dl  below  30  inches,  then  the  boiling  point  of  water,  and  of  every  other 
liquid,  will  be  lower  than  usual ;  or  if  the  barometer  rise  above  30  mcbes, 
the  temperature  of  ebullition  will  be  proportionally  increased.  This  is  the 
reason  why  water  boils  at  a  lower  temperature  on  the  top  of  a  hiU  than  in 
the  valley  beneath  it ;  for  as  the  column  of  air  diminishes  in  length  as  w6 
ascend,  its  pressure  must  likewise  suffer  a  proportional  diminution.  The 
ratio  between  the  depression  of  the  boiling  point  and  the  diminution  of  the 
atmospheric  pressure  is  so  exact,  that  it  has  been  proposed  as  a  method  for 
deteraiining  the  height  of  mountains.  An  elevation  of  530  feet  makes  a 
diminution  of  one  degree  of  Fahrenheit  (Mr.  Woilaston  in  PhiL  Trans,  for 
1817.) 

The  influence  of  the  atmosphere  over  the  point  of  ebullition  is  best  shown 
by  removing  its  pressure  altogether.  The  late  Professor  Robison  found  that 
liquids  boil  in  vatuo  at  a  temperature  140  degrees  lower  than  in  the  open 
air.  (Black's  Lectures,  p.  151.)  Thus  water  boils  in  vacuo  at  72^,  alcohol 
at  36°,  and  ether  at  — A4P  F.  This  proves  that  a  liquid  is  not  necessarily 
hot,  because  it  boils.  The  heat  of  the  hand  is  sufficient  to  make  water  boU 
in  a  yacunm,  as  is  exemplified  by  the  common  pulse-glass ;  and  ether,  under 
the  same  circumstances,  will  enter  into  ebullition,  though  its  temperature  be 
low  enough  for  freezing  mercury. 

Water  cannot  be  heated  under  common  circqmstances  beyond  212^^ ;  be- 
cause  it  then  acquires  such  expansive  fi>rce  as  enables  it  to  overcome  iho 
atmospheric  pressure,  and  fly  off  in  the  form  of  vapour.  But  if  subjected  to 
sufficient  pressure,  it  may  be  heated  to  any  extent  without  boiling.  This  is 
best  done  by  heating  water  while  confined  in  a  strong  copper  vessel,  called 
Pa{an*s  dig^ler.  In  this  apparatus,  on  the  application  of  heat,  a  large  quan- 
tity of  vapour  collects  above  the  water,  and  checks  ebullition  b^  the  pressure 
which  it  exerts  upon  the  surface  of  the  liquid.  There  in  no  limit  to  the  de- 
gree to  which  water  may  thus  be  heated,  provided  the  vessel  is  strong 
enough  to  confine  the  vapour ;  but  tho  expansive  force  of  steam  under  these 
circamstances  is  so  enormous  as  to  overcome  the  greatest  resistance. 

In  estimating  the  power  of  steam  it  should  be  remembered  that  vapour,  if 
separated  from  the  liquid  which  produced  it,  does  not  possess  greater  elasti- 
city than  an  equal  quantity  of  air.  If,  for  example,  the  digester  were  full  of 
steam  at  212°,  no  water  in  the  liquid  state  being  present,  it  might  be  heiUed 
to  any  degree,  even  to  redness,  without  danger  of  buivting.  But  if  water  be 
present,  unea  each  addition  of  heat  causes  a  fresh  portion  of  steam  to  rise, 
which  adds  its  own  elastic  force  to  that  of  the  vapour  previously  existing ; 
and,  in  consequence,  an  excessive  pressure  b  soon  exerted  against  the  inside 
of  the  vesseL  Professor  Robison  (Brewster*s  edition  of  his  works,  p.  25) 
ibnad  that  the  tension  of  steam  is  equal  to  two  atmospheres  at  244°,  and  ts 
three  at  270°  F.  The  resulU  of  Mr.  Southern's  experiments,  given  in  the 
same  ydUune*  fix  upon  250*3°  aa  the  temperature  at  which  steam  has  the 
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fytce  of  two  atmoipberM,  on  993.4^  for  four,  and  343*6^  lor  ei^ht  atmo- 


This  subject  has  been  lately  examined  by  a  commission  appointed  by  the 
Parisian  Academy  of  Sciences,  and  Dulonpr  and  Arago  took  a  leading  part 
in  the  inquiry.  The  results,  which  are  pven  in  the  following  table,  were 
obtained  by  experiment  up  to  a  pressure  of  25  atmospheres,  and  at  higher 
pressures  by  calculation.    (Brando's  Journal,  N.  S.  tU.  191.) 


Elasticity  of  tiM 
vapour,  takinf 
atmospherie 
presi.  ai  unity 

i* 
I* 
? 
? 

5i 
6 

64 

7 

74 

8 

9 
10 
11 
13 


T^mperataro  ac- 
cording to 
Faluenlieit. 

9120 

233.96 

250^ 

263.84 

275.18 

285.08 

293.72 

300i28 

307.5 

314.24 

320.36 

326i26 

331.70 

336.86 

341.78 

350.78 

358.88 

366.65 

374.00 


Elasticity  of  tbe 
vapour,  uking 
atmottpheric 

Temperatoie  i 
cording  to 
FkbroDlieit 

preas.  at  anity. 

13 

380.66O 

14 

386.94 

15 

392.86 

16 

398.48 

17 

403.82 

18 

408.92 

19 

413.78 

20 

418-46 

21 

422.96 

22 

427.28 

23 

431.42 

24 

435.56 

25 

43934 

30 

457.16 

35 

472.73 

40 

466.59 

45 

491.14 

50 

510.60 

The  elasticity  of  steam  is  employed  as  a  moving  power  in  the  steanip 
engine.  The  construction  of  this  machine  depends  on  two  properties  of  steam, 
namely,  the  expansive  force  communicated  to  it  by  heat,  and  its  ready  oon- 
version  into  water  by  coM.  The  effect  of  both  these  properties  is  well  shown 
by  a  little  instrament  devised  by  Dr.  Wollaston.  It  consists  of  a  cylindrical 
glass  tube,  six  inches  long,  nearly  an  inch  wide,  and  blown  out  into  a  spheric 
cal  enlargement  at  one  end.  A  piston  is  accurately  fitted  to  the  cylinder,  so 
as  to  move  up  and  down  the  tube  with  freedom.  When  the  piston  is  at  the 
bottom  of  the  tube,  it  is  forced  up  by  causing  a  portion  of  water,  previously 
placed  in  the  ball,  to  boil  bv  means  of  a  spirit-lamp.  On  dipping  the  baU 
into  cold  water,  the  steam  which  occupies  the  cylinder  is  suddenly  condensed, 
and  the  piston  forced  down  by  the  pressure  of  the  air  above  it  By  the  alter- 
nate  application  of  heat  and  cold,  the  same  movements  are  reproduced,  and 
may  be  repeated  for  any  length  of  time. 

The  moving  power  of  the  steam-engine  is  the  same  as  in  this  apparatos. 
The  only  essential  difference  between  diem  is  in  the  mode  of  condensing  Uie 
steam.  In  a  steam-engine,  the  steam  is  condensed  in  a  separate  veasel, 
called  the  condenser,  where  there  is  a  regular  supply  of  cold  water  lor  the 
purpose.  By  this  contrivance,  which  constitutes  the  great  improvement  of 
Watt,  the  temperature  of  the  cylinder  never  fidls  below  212^. 

The  formation  of  vapour  is  attended,  like  liquefaction,  with  loss  of  sensible 
heat  This  is  proved  by  the  well-known  fact  that  the  temperature  of  steam 
is  precisely  the  same  as  that  of  the  boiling  water  from  which  it  rises ;  so 
that  all  the  heat  which  enters  into  the  liquid  is  solely  employed  in  oonirert- 
ing  a  portion  of  it  into  vapour,  without  an^ctin^  th^  temperature  of  either  in 
the  slightest  degree,  provided  the  latter  is  permitted  to  escape  with  freedom. 
The  heat  which  then  becomes  latent,  to  use  the  language  of  Black,  is  again 
set  free  when'  the  vapour  is  condensed  into  water.    The  exact  quantity  of 
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beat  RMlered  iiuennble  by  YBporixatioii,  may,  therefore,  be  ueertaiaed  by 
^ondaumg  the  Tapour  in  oold  water,  and  observing'  the  rise  of  temperature 
which  ^soea.  From  the  experiments  of  Black  and  Watt,  conducted  on  this 
principle,  it  appeara  that  ateam  of  312^,  in  being  condensed  into  water  of 
213^,  girea  oat  aa  mach  heat  as  would  raise  the  temperature  of  an  equal 
weight  of  water  by  950  degrees,  all  of  which  had  previously  existed  in  the 
vapour  withoat  beinf  sensible  to  a  thermometer. 

Tbs  latent  beat  of  ateam  and  several  other  vapoors  has  been  examined  by 
Dr.  Vn,  whofle  resulta  are  contained  in  the  following  table.  (PhiL  Thma. 
fir  18ia) 

Latent  bsat. 

Yapoor  of  water  at  its  boiling  point  967^ 

Alcohol 442 

Ether 303-379 

Petroleum      .....  177*87 

Oil  of  Uurpeotine  .  .  177*87 

Nitric  acid     .....  531*99 

Liquid  ammonia  .  .  837*28 

Vinegar         .....  875 

The  (fisappemrance  of  heat  that  accompanies  vaporization  was  explained  by 
Black  and  Irvine,  in  the  way  already  mentioned  under  the  head  of  lique&c- 
tion ;  and  as  the  objections  to  the  views  of  the  latter  ingenious  chemist  were 
then  stated,  it  is  unnecessary  to  mention  them  on  the  present  occasion. 

The  variation  of  volume  and  elasticity  in  vapours  is  attended,  as  in  gasei^ 
with  a  change  of  specific  heat  and  a  consequent  variation  of  temperature. 
(Page  35.)  Thus  when  steam,  highly  heated  and  compressed  in  a  strong 
boiler,  ia  permitted  to  escape  by  a  large  aperture,  the  sudden  expansion  is 
attended  with  a  great  loas  of  sensible  heat :  its  temperature  instantly  sinks 
so  much,  that  the  hand  may  be  held  in  the  current  of  vapour  without  in- 
conveuicnoe.  The  same  principle  accounts  for  the  &ct,  first  ascertained  by 
Watt,  that  distillation  at  a  low  temperature  is  not  attended  with  any  saving 
of  fheL  For  when  water  boils  at  a  low  temperature  in  a  vacuum,  the  vapour 
is  in  a  highly  expanded  state,  and  contains  more  insensible  heat  than  steam 
of  greater  density.  From  some  experiments  by  Mr.  Sharpe  in  the  Man- 
chester Memoirs,  and  also  by  Clement  and  Desormes,  (Thenard*s  Chemistry, 
I  79,  5th  Ed.)  it  appears  that  the  sum  of  the  sensible  and  insensible  heat 
contained  in  equal  weights  of  steam  is  exactly  the  same  at  all  temperatures. 
Thua,  steam  at  21 2^,  when  condensed  and  reduced  to  32^,  gives  out  950  de- 
grees of  insensible  and  180  of  sensible  heat,  the  sum  of  which  is  1130. 
llie  same  weight  of  steam  at  250^,  on  being  condensed  and  cooled  to  32°, 
gives  out  likewise  1130  degrees,  of  which  218  are  sensible  and  912  insensible 
heat;  whereas  at  IQQP  iU  sensible  heat  is  only  68^,  and  insensible  1062°, 
ibrraimr  the  constant  sum  of  1130.  The  same  is  found  by  Despretz  to  be 
true  orvarious  other  vapours,  such  as  that  of  alcohol,  ether,  and  turpentine. 

Evaporation,  Evaporation  as  well  as  ebullition  consists  in  the  formation 
of  vapour,  and  the  only  assignable  difference  between  them  is,  that  the  one 
takes  i^aoe  quietly,  the  other  with  the  appearance  of  boiling.  Evaporation 
occurs  at  common  temperatures.  This  fact  may  be  proved  by  exposing 
water  in  a  shallow  vessel  to  the  air  lor  a  few  days,  when  it  will  gradually 
diminiih,  and  at  last  disappear  entirely.  Most  liquids,  if  not  all  of  them,  are 
niBceptible  of  this  gradual  dissipation ;  and  it  may  also  be  observed  in  some 
solids,  as  for  example  in  camphor.  Evaporation  is  much  morio  rapid  in 
tome  liquids  than  in  others,  and  it  is  always  found  that  those  liquids,  the 
boiling  point  of  which  is  lowest,  evaporate  with  the  greatest  rapidity.  Thus 
■loohd,  which  boils  at  a  lower  temperature  than  water,  evaporates  also  more 
freely;  and  ether,  whose  point  of  ebullition  is  yet  lower  than  that  of  aUx^], 
evaporates  with  still  greater  rapidity. 

The  chief  circumstances  that  influence  the  process  of  evaporation  are  ex- 
tent of  snr&ce,  and  the  state  of  the  air  as  to  temperature,  dryness,  stillness, 
and  density. 
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1.  Extent  of  mirftoe.  ETaporation  proooeds  only  ftom  the  ■or&oe  of 
liquida,  and,  therefore,  ctUerU  paribu$^  must  depend  upon  the  extent  of  sar- 
fiioe  expoeed. 

S.  Temperatore.  The  effect  of  heat  in  promoting  evaporation  may  easily 
be  i^own  by  putting  an  equal  quantity  of  water  into  two  eaucera,  one  q€ 
which  ia  placed  in  a  warm,  the  other  in  a  cold  situation.  The  former  will 
be  quite  dry  before  the  latter  has  suffered  appreciable  diminution. 

3.  State  of  the  air  as  to  dryness  or  moisture.  When  water  is  covered  hj 
a  stratum  of  dry  air,  the  evaporation  is  rapid  even  when  its  temperature  is 
low.  Thus  in  dry  cold  days  in  winter,  the  evaporation  is  ezoeedinffly  rapid  ; 
whereas  it  goes  on  very  tardily,  if  the  atmosphere  contain  much  vapoar« 
even  though  the  air  be  very  warm. 

4.  Evaporation  is  for  slower  in  still  air  than  in  a  current,  and  for  an  ob- 
vious  reason.  The  air  immediately  in  contact  with  the  water  soon  beoomes 
moist,  and  thus  a  check  is  put  to  evaporation.  But  if  the  air  be  removed 
from  the  surfoce  of  the  water  as  soon  as  it  has  become  charged  with  vapour, 
and  its  place  supplied  with  fresh  dry  air,  then  the  evaporation  continues  witl&- 
out  interruption. 

5.  Pressure  on  the  surfoce  of  liquids  has  a  remarkable  influence  over  eva- 
poration. This  is  easily  proved  by  placing  ether  in  the  vacuum  of  an  air- 
pump,  when  vapour  rises  so  abundantly  as  to  produce  ebullition. 

As  a  large  quantity  of  heat  passes  from  a  sensible  to  an  insensible  state 
during  the  formation  of  vapour,  it  follows  that  cold  should  be  generated  by 
evaporation.  The  fact  may  readily  be  proved  by  letting  a  fow  drops  of  ether 
evaporate  from  the  hand,  when  a  strong  sedation  of  cold  will  be  excited ;  or 
if  the  bulb  of  a  thermometer,  covered  with  lint,  be  moistened  with  ether,  the 
production  of  cold  will  be  marked  by  the  descent  of  the  mercury.  But  to 
appreciate  the  degree  of  cold  which  may  be  produced  by  evaporation,  it 
is  necessary  to  render  it  very  rapid  and  abundant  by  artificial  processes; 
and  the  best  means  of  doing  so,  is  by  removing  pressure  from  the  surfoce  of 
volatile  liquids.  Water  placed  under  the  exhausted  receiver  of  an  air-pump 
evaporates  with  great  rapidity,  and  so  much  cold  is  generated  as  would 
freeze  the  water,  did  the  vapour  oontinue.  to  rise  for  somn  time  with  the  same 
velocity.  But  the  vapour  itself  soon  fills  the  vacuum,  and  retards  the  eva- 
poration by  pressing  upon  the  surface  of  the  water.  This  difficulty  may  be 
avoided  by  putting  under  the  receiver  a  substance,  such  as  sulphuric  acid, 
which  has  the  property  of  absorbing  watery  vapour,  and  consequently  of 
removing  it  as  quickly  as  it  is  formed.  Such  is  the  principle  of  Leslie's  < 
method  for  freezing  water  by  its  own  evaporation.* 

The  action  of  the  cryophorus,  an  ingenious  cpntrivance  of  the  late  l>r. 
Wollaston,  depends  on  the  same  principle.  It  consists  of  two  glass  balla, 
perfectly  free  from  air,  and  joined  together  by  a  tube  as  here  represented. 


^ 


One  of  the  balls  contains  a  portion  of  distilled  water,  while  the  other  parts 
of  the  instrument,  which  appear  empty,  are  full  of  aqueous  vapour,  which 
checks  the  evaporation  from  the  water  by  the  pressure  it  exerts  upon  its  sur- 
foce. But  when  the  empty  ball  is  plunged  into  a  freezing  mixture,  all  the 
vapour  within  it  is  condensed ;  evaporation  commences  from  the  surfoce  of 
the  water  in  the  other  ball,  and  it  is  frozen  in  two  or  three  minutes  by  the 
oold  thus  produced. 

Liquids  which  evaporate  more  rapidly  than  water,  cause  a  still  greater 
reduction  of  temperature.    The  cold  produced  by  the  evaporation  of  ether 
» 

*  See  art  Cold,  in  the  Supplement  to  the  Encyclopedia  Britanniou 
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in  the  yacizmn  of  the  air-pump,  is  so  intsDse  as,  under  favoiirable  circum. 
steDoes,  to  freeze  mercury.* 

Seienti6c  men  have  differed  concerning  the  cause  of  evaporation.  It  was 
oDoe  supposed  to  be  owing-  to  chemical  attraction  between  the  air  and  water, 
and  the  idea  ia  at  first  view  plausible,  since  a  certain  decfree  of  affinity  does 
to  all  appearance  exist  between  them.  But  it  is  nevertheless  impossible  to 
attribute  the  effect  to  this  cause.  For  evaporation  takes  place  equally  in 
usciio  as  in  the  air ;  nay,  it  is  an  established  fact,  that  the  atmosphere  posi- 
tively retards  the  process,  and  that  one  of  the  best  means  of  accelerating  it^ 
18  by  removing  the  air  altogether.  The  experiments  of  Dalton  prove  that 
heat  is  the  true  and  only  cause  of  the  formation  of  vapour.  He  finds  that 
the  actual  quantity  of  vapour,  which  can  exist  in  any  riven  space,  is  de- 
pendent solely  upon  the  temperature.  If,  for  instance,  a  little  water  be  put 
into  a  dry  glass  flask,  a  quantity  of  vapour  will  be  formed  proportionate  to 
the  temperature.  If  a  thermometer  placed  in  it  stands  at  32^,  the  flask  will 
OQOtain  a  Tery  small  quantity  of  vapour.  At  40<^,  more  vapour  will  exist  in 
it;  at  50°  it  will  omtain  still  more;  and  at  60°,  the  quantity  will  be  still 
fiuiher  augmented.  If^  when  the  thermometer  is  at  60°,  the  temperature  of 
the  flask  be  suddenly  reduced  to  40°,  then  a  certain  portion  of  vapour  will 
be  converted  into  water ;  the  quantity  which  retains  the  elastic  form  bei^g 
precisely  the  same  as  when  the  temperature  was  originally  at  40°. 

It  matters  not,  with  regard  to  these  changes,  whether  the  flask  is  full  of 
air,  or  allogtstber  empty ;  for  in  either  case,  it  will  eventaalJy  contain  the 
same  quantity  of  vapour,  when  the  thermometer  is  at  the  same  height  The 
only  effect  of  a  difference  in  this  respect,  is  in  the  rapidity  of  evaporation. 
The  flask,  if  prcrioosly  empty,  acquires  iti  full  complement  of  vapour,  or,  in 
eonimon  language,  becomes  saturated  with  it,  in  an  instant ;  whereas  the 
presence  of  air  affords  a  mechanical  impediment  to  its  passage  from  one 
part  of  the  flask  to  another,  and,  therefbre,  an  appreciable  time  elapses  before 
the  whole  space  is  saturateid. 

Dalton  found  that  the  tension  or  elasticity  of  vapour  is  alwajrs  the  same, 
however  much  the  pressure  may  vary,  so  long  as  the  temperature  remains 
constant,  and  there  is  liquid  enouffh  present  to  preserve  the  state  of  satura- 
tion proper  to  the  temperature.  Iff  for  example,  in  a  flaccid  bladder  contain- 
ing a  little  water,  the  pressure  on  its  surfoce  be  diminished,  the  vapour  in 
the  interior  will  expand  proportionally,  and  consequently  fbr  the  moment 
win  diminish  in  elasticity,  because  the  tension  of  gaseous  substances  at  a 
constant  temperature  diminishes  in  the  same  ratio  as  the  volume  increases, 
or,  in  other  words,  the  elasticity  varies  inversely  as  the  volume ;  but  the  va- 
pour in  the  bladder  will  speedily  recover  its  original  tension,  since  the  water 
will  yield  an  additional  quantity  of  vapour  proportional  to  the  increase  of 
space.  Again,  if  the  pressure  on  the  bladder  be  increased  so  as  to  diminish 
its  capacity,  the  temperature  remaining  constant,  the  tension  of  the  confined 
vapoar  win  still  continue  unchanged,  because  a  portion  of  it  will  be  con- 
densed proportional  to  the  diminution  of  space;  so  that,  in  fiict,  the  remain- 
ing space  contains  tlie  very  same  quantity  of  vapour  as  it  did  originally. 
The  same  law  holds  good,  whether  the  vapour  is  pure,  or  mixed  with  air  or 
anyother  gas. 

The  elaisticity  of  watery  vapour  at  temperatures  below  212°  was  care- 
fully examined  by  Dalton,  (Manchester  Memoirs,  vol.  v.) ;  and  his  results, 
together  with  those  since  published  by  Dr.  Ure,  in  the  Philosophical  Trans- 
actions for  1818,  are  presented  in  a  tabular  form  at  the  end  of  the  volume. 
They  were  obtained  by  introducing  a  portion  of  water  into  the  vacuum  of  a 
common  barometer,  and  estimating  the  tension  of  its  vapour  by  the  extent 
to  which  it  depressed  the  column  of  mercury  at  different  temperatures.  But 
Dalton  did  not  confine  his  researches  to  wster;  he  extended  them  to  the 
vapour  of  various  liquids,  such  as  ether,  alcohol,  ammonia,  and  solution  of 

*8ee  a  paper  by  the  late  Dr.  Marcet, in  Nicholson's  Journal,  voL  xx^v. 


48  HEAT. 

chloride  of  calciam,  and  he  inferred  from  them  the  fonowingr  law : — ^that  th« 
force  of  vapour  from  all  liquids  is  the  same,  at  equal  distancee  above  or  be- 
low the  several  temperatures  at  which  they  boil  in  the  open  air.  Subae* 
quent  observations  by  Dr.  Ure,  Despretz,  and  others,  have  proved  that  the 
law  is  far  from  universal,  and  that  it  fails  remarkably  at  temperatures  dis- 
tant from  the  point  of  ebullition :  it  has,  indeed  been  abandoned  by  Dalton 
himself. 

A  knowledge  of  the  influence  of  heat  and  pressuje  over  the  volume  of 
flraseous  matter  is  elegantly  employed  in  calculating  the  density  of  vapour  ; 
but  before  giving  the  mode  of  making  the  calculation,  it  will  be  useful  to 
explain  what  is  meant  by  deruity.  This  term  is  generally  used  synony- 
mously with  specific  gravity^  and  indicates  the  compactness  of  a  suMtance, 
or  the  quantity  of  ponderable  matter  contained  in  a  body  compared  with  the 
space  which  it  occupies.  The  density  of  a  substance  is  found  by  dividing 
its  weight  by  its  volume.  Thus,  if  d,  to,  v,  represent  the  density,  weight, 
and  volume  of  aqueous  vapour,  and  tP,  to',  i/,  the  density,  weight,  and  volume 

to  tt/ 

of  air,  then  <2ss9— -«  and  li's— ;.    Hence,  comparing  these  densities,  d  : 

to   to' 
o  : :  — ;-ri  if  the  volumes  are  equal,  then  d  :  cI'  : :  to  :  to' ;  and  if  the 

weights  are  equal,  d  :  d'  :  : — :  — ;.  Consequently,  the  density  of  sub- 
stances which  have  an  equal  volume,  is  directly  as  their  weight ;  and  when  the 
weights  are  equal,  the  densities  are  inversely  as  the  volumes.  Accordingly, 
if  we  weigh  an  equal  volume  of  any  number  of  substances,  temperature  and 
pressure  being  the  same  in  all,  the  density  of  each  respectively  will  be  re- 
presented by  its  weight  Thus,  Gay-Lussac  ascertained  that  if  a  certain  vo- 
lume of  air  at  212°  and  30  Bar.  weigh  1000  mins,  an  equal  volume  of 
aqueous  vapour,  at  the  same  temperature  and  pressure,  vi-ill  weigh  6S25 
grains;  and,  therefore,  the  density  of  steam  is  625  compared  to  that  of  air 
as  1000.  Atmospheric  air  is  universally  taken  as  a  term  of  comparison  for 
the  density  of  gaseous  substances,  and  pure  water  for  that  of  liquids  and 
solids. 

As  gases  expand  and  contract,  from  varying  temperature  and  pressure, 
according  to  the  same  laws,  it  follows  that  the  densities  found  at  any  one 
temperature  and  pressure  are  constant  for  all  others.  Thus  if  air  is  twice 
as  heavy  as  an  equal  volume  of  a  certain  gas,  both  being  weighed  at  32^ 
and  30  bar.,  the  same  ratio  will  be  found  at  3Sb  and  15  Bar.,  and  at  212° 
and  30  Bar.  The  same  remark  applies  to  vapours,,  except  when  they  suffer 
condensation.  For  example,  the  density  of  air  and  steam,  both  bein^  weigh- 
ed  at  212°  and  30  Bar.,  is  expressed  by  1000  and  625 :  the  same  ratio  is  pre- 
served at  212°  and  at  any  other  pressure  less  than  30  Bar^  because  in  that 
case  the  vsponr  will  expand  like  air ;  but  if  the  pressure  be  increased,  or  the 
temperature  diminished,  condensation  occurs,  and  the  density  of  the  vapour 
falls  below  625.  Hcnco  it  happens  that  the  density  of  vapours  varies  with 
the  temperature,  as  is  exemplified  by  the  following  table,  showing  the 
greatest  density  of  aqueous  vapour  at  the  temperatures  stated,  the  corre. 
sponding  elasticities  agreeably  to  Dalton*s  table,  and  the  weight  of  100 
cubic  inches  of  the  vapour. 


Elasticity  in 

Weight  of 

Temp. 

inches  of  mercury. 

Density. 

100  cubic  inches. 

380F. 

0.9 

5.7292 

0.13716  grains. 

50O 

0.375 

10.3539 

05478 

60O 

0.524 

1418306 

0.3394 

lOOo 

1.860 

46.6697 

1.117 

160O 

7.43 

170.61 

4.084 

912e 

30 

625 

14.96 

In  calculating  these  densities,  it 
panaion  by  varying  heat  and  presai 

is  assumed  that  the  laws  of  gaseous  ex- 

BEAT.  49 

31S°  F.  and  30  Bar.  is  G25,  oomptred  to  air  at  the  aame  tempentim  and 
1000,— and  that  100  cubic  inches  of  air  at  2\^  and  30  Bar. 


W9igli  23.94  i^rains.  The  formuJa  for  the  calculation  is  thus  deduced: — If 
4  is  the  density  of  aqueous  vapour  at  any  pressure  p^  then  since  hoth  the 
density  and  ehisticity  of  gaseous  substances  Tary  inversely  as  their  volume, 
the  density  and  elasticity  arc  proportional  to  each  other ;  so  that  d  :  625  : : 

p 
p  I  30,  and  hence  d=s625.^.    This  gives  the  density  of  aqneoos  vapour  at 

21S9^  and  with  an  elasticity  equal  top.  In  this  state  the  vapour  is  rarefied, 
and  will  admit  of  being  cooled  down  to  a  certain  point,  but  not  lower,  say  to 
t  degrees  above  32^,  without  condensation ;  and  when  it  has  reached  that 
point,  its  density  has  acquired  a  maximum.  Its  elasticity  remains  un- 
chained, because  the  loss  of  tension  due  to  loss  of  heat  is  oompensaled  lor 
by  diminution  of  volume.  Iti  density  has  incressed  exactly  in  the  same 
ratio  as  its  vohioie  has  diminished,  and,  therefore,  the  formula  of  page  21  in- 
wted  will  give  the  increased  density  owing  to  decrease  of  temperature. 

p  480+180 
Henoe  we  shall  have  ^^^^^^^Tl — '    ^^'  example,  if  we  wish  to  cal- 
culate Ute  greatest  density  of  aqueous  vapour  at  100°  F.,  then  ts€8,  and  the 
elasticity  of  that  vapour  by  Dalton*8  table  is  1.86.    Inserting  these  values  of 

1  8o  660 
(  and  p  in  the  preceding  formula,  we  shall  find  d»625.-^'=2gts46X697. 

It  admits  of  inquiry  whether  liquids  of  weak  volatility,  such  as  mercury 
and  oil  of  vitriol,  give  off  any  vapour  at  common  temperatures.  An  opinion 
has  prevailed,  that  evaporation  not  only  takes  place  from  the  sur&ce  of  these 
and  simiiar  liquids  at  all  times,  but  that  vapour  of  exceedingly  weak  ten. 
aion  U  emitted  at  common  temperatures  from  all  f u^istances  however  fixed 
in  the  fire,  even  from  the  earths  and  metals,  when  they  are  either  in  a  va^ 
conm,  or  surrounded  by  gaseous  matter.  It  has  accordingly  been  supposed, 
that  the  atmosphere  contains  diffused  through  it  minute  quantities  of  the  va- 
pours of  all  the  bodies  with  which  it  is  in  contact;  and  this  idea  has  been 
made  the  basis  of  a  theory  of  the  origin  of  meteorites.  But  thu  doctrine  has 
been  successfully  combated  by  Mr.  Faraday,  in  his  essay  On  the  Existence 
of  a  Limit  to  Vaporization,  published  in  the  Philosophical  Transactions  for 
1826l  The  argument  employed  by  Mr.  Faraday  u  founded  on  the  principle 
by  which  the  Ute  Dr.  Wollaston  accounted  for  the  limited  extent  of  the  at- 
mosphere.  Since  the  volume  of  gaseous  substances  is  dependent  on  the 
pressure  to  which  they  are  subject,  the  air  in  the  higher  regions  of  the  atmo- 
sphere most  be  much  more  rare  than  that  in  the  lower,  because  the  former 
sDstatns  tlie  piessme  of  a  shorter  atmoimheric  column  than  the  latter ;  so 
that  in  ascending  upwards  from  the  earth,  each  successive  stratum  of  air,^ 
bmng  less  compressed  than  the  foregoing,  is  likewise  more  attenuated.  Now 
it  is  /band  experimentally,  that  the  elasticity  or  tension  of  any  gaseous  mat- 
ter diminishes  in  ihe  same  ratio  as  its  volume  increases ;  and,  accordingly, 
whenever  the  tenuity  of  a  portion  of  air,  owinff  to  its  distance  from  the 
earth's  sur&ce,  or  any  other  cause,  is  exceedin|^y  great,  its  tension  is  ex- 
oeedingly  small.  Reasoning  on  thu  principle,  Wollaston  conceived  that  at 
a  certain  altitude,  probably  at  a  distance  of  40  or  50  miles  from  the  surfkce 
<tf  the  earth,  the  rarefaction  and  consequent  loss  of  elastic  force  is  so  ex- 
treme,  that  the  mere  gravity  of  the  particles  becomes  equal  to  their  elas- 
ticity and  thus  puts  a  limit  to  their  separation. 

What  WoUaston  suggested  of  aerial  particles,  Mr.  Faraday  supposes  to 
occur  in  all  substances ;  and  this  supposition  is  perfectly  legitimate,  because 

SKotts  matter  in  general  is  subject  to  the  same  law  of  expansion,  and  m 
ewise  under  the  mfluence  of  jzravity.  He  infers  that  every  kind  of  mat- 
ter ceaaes  to  assume  the  elastic  form,  whenever  the  gravitation  of  its  parti- 
cles is  stronger  than  the  eUsticity  of  its  vapour.  The  loss  of  tension  ne- 
oesaary  lor  effecting  this  object  may  be  accom]rfished  in  two  ways,  either 
by  eztteme  dilatstioo,  or  by  oold.    For  substances  of  great  volatility,  sueh 
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as  mir  and  most  ^tes,  the  former  oondiiimi  is  naoearar/  ;  becauas  the  de- 
gree of  cold  which  we  can  command  at  the  earth*a  surlace  diminishes  their 
tension  in  a  degree  quite  insufficient  to  destroy  their  elasticity.     Bui  the  to- 
latilitj  of  numerous  bodies  is  so  small,  that  tneir  yapoor  at  cxinanaon  tempe- 
ratures approximates  in  rarity  to  the  air  at  the  limits  of  the  atmosphere,  and 
a  small  degree  of  cold  may  suffice  for  rendering  its  elasticitj  a  force  inferior 
to  its  opponent,  gravity.    In  that  case,  the  vapoQr  would  be  entirely  con- 
densed.   Mr.  Faraday  found  that  mercury,  at  a  temperature  varying  from 
60^  to  80°r  yields  a  small  quantity  of  vapour ;  but  in  winter  no  trace  of  ▼a.' 
pour  could  be  detected.    Hence  it  is  inferred,  that  at   the  former  tempera- 
ture  the  elasticity  of  mercurial  vapour  is  slightly  superior  to  the  gravity  of 
its  particles,  and  that  in  cold  weather  the  utter  power  preponderates,  aad 
puts  an  entire  check  to  the  evaporation  of  mercury.    The  earths  and  metals, 
which  are  more  fixed  than  mercury,  have  vapours  of  such  feeble  tensioot 
that  the  highest  natural  temperature  is  unable  to  convert  them  into  vapour. 
Another  force,  which  co-operates  with  gravity  in  overcoming-  elasticity,  is 
the  attraction  of  aggregation,  or  the  attraction  exerted  by  a  solid  or  liquid 
on  the  contiguous  particles  of  the  same  substance  in  the  gaseous  form. — ^Tbis 
argument  affords  very  sufficient  grounds  for  believing  that  the  vapours  of ' 
earthy  and  metallic  substances  are  never  present  in  the  atmosphere ;  and 
Mr.  Faraday  has  proved  that  several  chemical  asents,  kept  in  a  confined 
space  with  moisture  during  four  vears,  did  not  undergo  the  slightest  evapo- 
ration.    ^Journal  of  the  R.  Inst  I. :  N.  S.) 

The  presence  of  vapour  has  a  considerable  influenee  over  the  bulk  of 
gases;  and  as  chemists  generally  determine  tlie  quantity  of  ffaseous  sub- 
stances by  measure,  it  is  important  to  estimate  the  increase  of  volume  due 
to  the  presence  of  moisture.  The  mode  by  which  a  vapour  acts  is  obvious. 
When  two  gases,  which  do  not  act  chemically  on  each  other,  are  intermin- 
gled, each  retains  the  elasticity  suited  to  its  volume,  exactly  as  if  the  other 
gas  were  absent;  so  that  the  elasticity  of  the  mixture  is  the  sum  c^  the 
elastic  forces  of  its  ingredients.  The  same  remark  applies  to  the  mixture 
of  gases  and  vapours.  If  a  few  drops  of  water  are  added  to  a  portion  of  dry 
air,  confined  in  a  glass  tube  over  mercury,  the  air  will  speedily  become 
saturated  with  vapour,  and  must  in  consequence  be  increased  in  bulk.  For 
the  elastic  power  of  the  vapour  being  added  to  that  previously  exerted  by 
the  gas  alone,  the  mixture  will  necessarily  exert  a  stronger  pressure  upon 
the  mercury  that  confines  it,  and  will  therefore  occupy  a  greater  space.  It 
is  equally  clear  that  the  degree  of  augmentation  will  depend  on  the  tempera- 
tare  ;  for  it  is  the  temperature  alone  which  determines  (he  elasticity  of  the 
v»pour. 

As  the  elasticity  of  vapour  is  not  at  all  affected  by  mere  admixture  with 
gases,  it  is  easy  to  correct  the  fallacy  to  which  its  presence  gives  rise,  by 
means  of  the  data  furnished  by  the  experiments  of^  Dalton.  The  formuia 
for  the  correction  is  thus  deduced.  Let  n  be  the  bulk  of  dry  air  or  other 
gas  expressed  in  the  degrees  of  a  graduated  tube ;  p  the  elasticity  of  the 
dry  air,  equal  to  the  atmospheric  pressure  as  measured  by  a  barometer;  n' 
the  bulk  of  the  air  when  saturated  with  watery  vapour,  and  /  the  elasticity 
of  thai  vapour.  (Biot*s  Traite  de  Fhys.  i.  303.)  Now  as  the  elasticity  of  a 
gas  for  oc|ual  temperatures  is  inversely  as  its  volume,  it  follows  that  when 
3ie  dry  air  increases  in  bulk  from  n  to  n',  its  elasticity  will  diminish  in  the 
ratio  of  n'  to  n.    Hence  its  elasticity  ceases  to  be  s=  p,  and  is  expressed  by 

^:  p  b  thens^-f/;  that  is,  the  elasticity  of  the  moist  air,  added  to 

the  elasticity  of  the  vapour  present,  is  equal  to  the  pressure  of  the  atmo- 
sphere.   From  this  last  equation  are  deduced  the  following  values :  pn-\-fiif 

tspn^ipn^pn* — fh'i  andnss — ^ — i^*  One  example  will  snffios  for 

showing  the  use  of  this  formula,    mving  100  measures  of  air  saturated 
with  watery  vapour  at  60^  F^  the  barometer  standing  at  30  inches,  how 
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many  meuores  would  the  mir  oecupj  if  qaite  dry?  »'  as  100;  p  v  30;  /» 
0.594,  the  tension  of  wtlery  vapour  at  60^,  according  to  Dalton'a  table. 
„                 100  X  (30—0^4)      300  X  29.476      ^^^      ^.  ,  .     , 
BeDoe  •=  ^-i^g -'= ~ =  Saas,  which  u  the  an- 

vwer  reqou^ed. 

The  praoeding  fbrmnla  is  true  only  when  the  g«8  is  confined  in  a  space 
winch  reaifily  enlarges  proportionally  to  the  additional  pressure,  as  when  a 
tuAe  ffan  of  air  is  inverted  over  mercury.  If  the  gas  is  contained  in  a  space 
which  does  not  admit  of  enlarcement,  and  a  drop  of  water  is  admitted,  the 
aqueous  vapour  adds  its  elastic  force/ to  that  of  the  gas  p,  causing  tlie  pres- 
auro  against  the  containing  vessel  to  be  equal  to  p  4'/* 

The  presence  of  aqueous  vapour  in  the  atmosphere  is  owing  to  evapora- 
tion. AU  the  accumulations  of  water  upon  the  surfiice  of  the  c^rth  are  sub- 
jedsd  by  its  uieans  to  a  natural  distillation ;  the  impurities  with  which  they 
nre  inpregnaled  remain  behind,  while  the  pure  vspour  ascends  into  the  air, 
gives  rise  to  a  multitude  of  meteorological  phenomena,  and  aAer  a  time  da- 
aeenda  again  upon  the  earth.  As  evaporation  goes  on  to  a  certain  extent 
even  at  low  temperatures^  it  is  probaUe  that  the  atmosphere  b  never  abao- 
luirir  fifce  fi-om  vapour. 

lie  quantity  of  vapour  present  in  the  atmosphere  is  very  variaUe,  in  con- 
uequence  of  the  continual  change  of  temperature  to  which  the  air  is  subfecL 
But  even  when  the  temperature  is  the  same,  the  quantity  of  vapour  is  stiU 
firand  to  vary ;  ior  the  air  is  not  always  in  a  state  of  saturation.  At  one 
time  it  is  excessively  dry,  at  another  it  is  fully  saturated ;  and  at  other  times 
it  variea  between  these  extremes.  This  variable  condition  of  the  atmosphere 
as  to  saturation  b  ascertained  by  the  hygrometer. 

A  great  many  hygrometers  have  been  invented ;  but  they  may  all  be  re- 
Senta  to  three  pnnctples.  The  construction  of  the  first  kind  of  hygrome- 
ter is  fimnded  on  the  property  possessed  by  some  subatanees  of  expanding 
la  a  liunrid  atmosphere,  owing  to  a  deposition  of  moisture  within  them ;  and 
uf  parting  with  it  again  to  a  dry  air,  and  in  consequence  contreeting.  AJ- 
mast  an  bodies  have  the  power  of  attracting  moisture  from  the  air,  though 
In  different  proportions.  A  piece  of  glass  or  metal  weighs  sensiblv  1ms 
when  carefoUy  dried,  than  after  exposure  to  a  moist  atmosphere ;  though 
neither  of  them  is  dilated,  because  the  water  cannot  penetrate  into  their  in- 
terior. Dilatation  from  the  absorption  of  moisture  appears  to  depend  on  a 
deposition  of  it  within  the  texture  of  a  body,  the  particles  of  which  are  mo- 
derately soft  and  yielding.  The  hygroraetric  property,  therefore,  belongs 
chiefly  to  or^nic  substances,  such  as  wood,  the  beard  of  com,  whalebone, 
hair,  and  ammal  membranes.  Of  these,  none  is  better  than  the  human 
hair,  which  not  only  elongates  freely  from  imbibing  moisture,  but,  by  reason 
of  its  elasticity,  recovera  its  original  length  on  drying.  The  hygrometer  of 
Sanasure  u  made  with  this  material. 

The  second  kind  of  hygrometer  points  out  the  opposite  states  of  dryness 
and  mckainn  by  the  rapidity  of  evaporation.  Water  does  not  evaporate  at 
all  when  the  atmosphere  is  completely  saturated  with  moisture;  and  the 
freedom  with  which  it  goes  on  at  other  times,  is  in  proportion  to  the  dryness 
of  the  air.  The  hygrometric  condition  of  the  air  may  be  determined, 
therefi>re,  by  observing  the  rapidity  of  evaporation.  The  most  convenient 
method  c^  doing  thu  is  by  covering  the  bulb  of  a  thermometer  with  a  piece 
of  silk  or  linen,  moistening  it  with  water,  and  exposing  it  to  the  air.  The 
descent  of  the  mercury,  or  the  cold  produced,  will  correspond  to  the  quantity 
of  vapour  formed  in  a  given  time.    Leslie*8  hygrometer  is  of  this  kind. 

The  third  kind  of  hygrometer  is  on  a  principle  entirely  different  from  the 
foregoing.  When  the  air  is  saturated  with  vapour,  and  any  colder  bodv  is 
brought  into  contact  with  it,  deposition  of  moisture  immediately  takes  place 
on  its  surfiioe.  This  is  often  seen  when  a  glass  of  cold  spring  water  is  car- 
ried  into  a  warm  room  in  summer  {  and  the  phenomenon  is  witnessed  dury 
ing  the  formation  of  dew,  the  moisture  appearing  on  those  substances  only 
which  ara  colder  (hao  tiip  air,    The  degree  iodio*^  ^1  ^^  thermometer 
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when  dew  be^s  to  be  deposited,  is  called  the  deto-pohU.  If  the  Mtinatkm 
be  complete,  the  least  diminutioQ  of  temperature  is  attended  with  the  forma, 
tion  of  dew;  but  if  the  air  is  dry,  a  body  most  be  several  degfrees  colder  be- 
fore moisture  is  deposited  on  its  surface;  and  indeed  the  drier  the  atmo- 
sphere, the  greater  will  be  the  difference  between  its  temperature  and  tfaa 
dew-point  Attempts  were  made  to  estimate  the  hygnmetric  state  of  the 
air  on  this  principle  by  the  Florentine  Academicians,  but  the  first  accurmtn 
method  was  introduced  by  M.  le  Roi,  and  since  adopted  by  Dalton.  It  oom- 
sists  simply  in  putting  cold  water  into  a  glass  Tcssel,  the  outside  of  which 
is  carefoliy  dried,  and  marking  the  temperature  of  the  liquid  at  which  dew 
begins  to  be  deposited  on  the  glass.  The  water  when  necessary  is  cooled 
either  by  means  of  ice  or  a  freezing  mixture.  A  convenient  form  of  appa- 
ratus is  a  small  cup  made  of  thin  silver,  nicely  gilt  on  the  outside,  capable 
of  holding  about  half  an  ounce  of  water,  and  fitted  into  a  case  of  turned 
wood  UnA  with  cloth,  which  serves  as  a  stand  for  the  cup  during  an  obser- 
vation. The  water  is  cooled  by  successively  adding  a  few  grains  of  a 
powder  made  of  equal  parts  of  nitre  and  sal  ammoniac  intimately  mixed, 
stirring  with  the  bulb  of  a  small  thermometer.  As  soon  as  dew  is  deposited, 
the  temperature  is  noted ;  and  the  first  observation  is  corrected  by  waiting 
until  the  cup  and  its  contents  prrow  warmer,  and  observing  the  temperature 
at  which  the  dew  begins  to  disappear.  The  last  observation  is  the  most 
trustworthy.  This  method,  when  deliberately  performed,  so  that  the  cup, 
the  solution,  and  the  thermometer,  should  have  time  to  acquire  the  same 
temperature,  is  susceptible  of  great  precision. 

The  hygrometer  of  Professor  Daniell,  described  in  his  Meteorological  Eb* 
says,  acts  on  the  same  principle.  It  consiste  of  a  cryophorus,  as  described  at 
page  46,  but  modified  somewhat  in  form,  and  containing  ether  instead  of 
water.  Within  one  of  ite  balls  is  fixed  a  delicate  thermometer,  the  bulb  of 
which  is  partiallv  immersed  in  the  ether  so  as  to  indicate  ite  temperature, 
and  the  other  ball  is  covered  with  muslin.  When  the  instrument  is  used, 
the  muslin  is  moistened  with  ether,  and  the  cold  produced  by  ite  evaporation 
condenses  the  vapour  within  the  cryophorus,  and  causes  the  ether  to  evapo- 
rate rapidly  in  the  other  ball.  The  cold  thus  generated  chills  the  ether  itself 
and  the  ball  conteining  it ;  and  in  a  short  time  ite  temperature  descends  so 
low,  that  dew  is  deposited  on  the  surface  of  the  glass.  As  soon  as  this  takes 
place,  the  temperature  is  observed  by  the  thermometer. 

The  same  object  is  atteined  in  a  stiU  easier  way  by  means  of  a  oontri- 
vanoe  described  by  Mr.  Jones  of  London  in  the  Philos.  Trans,  for  1836,  and 
soon  after  in  the  Edin.  Philoe.  Journal,  No.  xvii.  p.  155,  by  Dr.  Coldstream 
of  Leith.  It  consiste  of  a  delicate  mercurial  thermometer,  the  bulb  of  which 
is  made  of  thin  black  glass,  and,  excepting  about  a  fourth  of  ite  surface,  is 
covered  with  muslin.  On  moistening  the  muslin  with  ether,  the  temperature 
of  the  bulh  and  mercury  fiills,  and  the  uncovered  portion  of  the  bulb  is  soon 
rendered  dim  by  the  deposition-  of  moisture.  The  temperature  indicated  at 
that  instent  by  the  thermometer  is  the  dew-point  It  appears  from  some 
remarks  by  Professor  DanicU  in  the  Quarterly  Journal  of  Science,  that  this 
hygrometer  was  originally  invented  in  Germany,  so  that  Mr.  Jones  and  Dr. 
Coldstream  are  second  inventors.  Professor  Daniell  considers  the  instrument 
inaccurate,  believing  that,  as  the  ether  is  applied  to  a  part  only  of  the  bulb, 
the  mercury  within  will  be  cooled  unequally ;  that  the  portion  corresponding 
to  t^o  covered  part  of  the  bulb  will  be  colder  than  the  mercury  opposite  to 
the  exposed  part ;  and,  consequently,  that  the  dew-point  will  appear  lower 
than  it  ought  to  be.  This  objection  oerteinly  applies  when  the  muslin  is 
rendered  very  moist  with  ether,  and  the  temperature  of  the  bulb  is  rapidly 
reduced ;  but  when  the  cooling  is  slowly  effected,  I  believe  the  indications  of 
this  hygrometer  to  be  at  least  as  correct  as  those  afforded  bv  the  very  elegant, 
3ret  more  costly  and  less  portable,  apparatus  of  Professor  l!Nuiiell.  For  facte 
confirmatory  of  this  opinion  the  reader  may  consult  an  essay  in  the  £!din- 
burgh  Journal  of  Science,  No.  xiii.  p.  36,  by  Mr.  Foggo,  junior,  of  Leith. 

It  is  desirable  on  some  occasions,  not  merely  to  know  the  hygrometric 
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ixmStixm  of  sir  or  gaiea,  but  akn  to  depri? e  them  entirely  of  their  Taponr. 
This  may  be  done  to  a  fireat  extent  bjr  exposing  them  to  intense  cold;  bat 
Ibe  method  now  generally  preferred  is  by  bringing'  the  moitl  gas  in  contact 
with  aome  substance  whicli  has  a  powerful  chemical  attraction  ibr  water. 
Of  these  none  is  preferable  to  chloride  of  calcium. 


CONSTITUTION  OF  GASES  WITH  RESPECT  TO  HEAT. 

The  experiments  of  Mr.  Faraday,  on  the  liquefaction  of  gaseoos  substances, 
appear  to  justify  the  opinion  that  gases  are  merely  the  Tapours  of  extremely 
volatile  liquids.  Most  of  these  liquids,  however,  are  so  ▼olatile,  that  their 
boiKng  point,  nnder  the  atmospheric  pressure,  is  lower  than  any  natural 
temperatare ;  and  henee  they  are  always  fbund  in  the  gaseous  state.  By 
subjecting  them  to  great  pressure,  their  elasticity  is  so  fiir  counteracted  that 
they  become  liquid.  But  even  when  thus  compressed,  a  very  moderate  heat 
is  soflicient  to  make  them  boil ;  and  on  the  removal  of  pressure  they  resome 
the  elastic  form,  most  of  them  with  such  violence  as  to  cause  a  report  like  an 
explosion,  and  others  with  tbe  appearance  of  brisk  ebullition.  Intense  cold 
is  produced  at  the  same  time,  in  consequence  of  their  heat  passing  from  a 
eeosible  to  an  ineensibie  state. 

Tbe  process  for  condensing  gases  (Philos.  Trans,  for  1833)  consists  in  ex- 
posing them  to  the  pressure  of  their  own  atmospheres.  The  materials  fix* 
producing  the  gas  are  put  into  a  strong  glass  tube,  which  is  afterwards 
eealed  IwrmeticaHy^  and  bent  in  tim 
middle,  as  represented  by  the  figure. 
Tbe  gas  is  generated,  if  necessary,  by 
the  application  of  heat,  and  when  the 
premore  becomes  sufficiently  great,  the  fiquid  is  formed  and  collects  in  the 
f^  end  of  the  tube,  which  is  kept  cool  to  fiicilitate  the  condensation.  Most 
cf  these  experiments  are  attended  with  danger  from  the  bursting  of  the  tubes,' 
against  which  the  operator  most  protect  himself  by  the  use  of  a  mask- 

The  pressure  required  to  liquefy  gases  is  very  variable,  as  will  appear  firom 
the  foUowing  table  of  the  results  obtained  by  Mr.  Faraday, 

Sniphuroivi  acid  gas    . 
Sulphuretted  hydrogen  ( 
Carbonic  acid  gas 
Chlorine  gas 
Nitrous  oxide  gas 
Cyanogen  gas     . 


Mnriatie  acid  gas 


450  F. 

17    .    .    . 

50° 

,36    .    .    , 

390 

4    .   .   . 

609 

.50    .   .   , 

45P 

3.6  . 

45P 

6.5   ..   . 

509 

.   40    .   .   . 

50^ 

*  The  general  law  in  regard  to  the  elasticity  or  tension  of  naop  is  that 
Ihis  property  is  directly  proportional  to  the  compressing  force.  Oersted,  howr 
ever,  has  shown,  that  it  does  not  always  hold ;  for  he  ascertained  that  con.- 
densabie  gases,  subjected  to  a  pressqre  approaching  to  that  at  which  their 
condensaUoa  would  take  place,  QQdergo  a  greater  diminution  of  rolome  thai> 
is  proportional  to  the  pressiuie,  Berzeuus  accounts  for  this  fact  by  supposing 
ikU  the  dose  proximity  of  the  molecules  of  a  gas,  occasioqed  hy  grjsat  presr 
sore,  brings  the  particles  more  completely  within  tbe  sphere  of  e»ch  other's 
attraction,  and  thus  cpunteracts  the  separating  power  of  the  caloric,  which 
he  conceives  to  act  under  unfiivourable  circunistances.  vnless  the  ponderable 
partides  are  at  a  certain  distance  apart  (Berzelios,  Traits  de  Chimie,  i.  83, 
36.)    Tbe«  views  hvrp  «  bearing  oa  the  experiments  of  Af r.  Faraday  citej 
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SOURCES  OF  HEAT. 

The  aouroee  of  heat  may  be  reduced  to  six.  1.  The  ena.  2.  CombiMtiaii. 
3.  Electricity.  4.  The  bodies  of  aDimala  during  life.  5.  Chemical  aoCion. 
€.  Mechanical  action.  All  these  means  of  procuring  a  supply  of  heat,  eoc- 
oept  the  last,  will  be  more  couTeniently  considered  in  other  parts  of  the  ywork. 

The  mechanical  method  of  excitingr  heat  is  by  friction  and  percoasioD. 
When  parts  of  heavy  machinery  rub  against  one  another,  the  heat  excited,  if 
the  parts  of  contact  are  not  well  greased,  is  sufficient  for  kindling  w^ood. 
The  axle-tree  of  carriages  has  been  burned  from  this  cause,  and  the  ndes  of 
ships  are  said  to  have  taken  fire  by  the  rapid  descent  of  the  ceble.  Ck>ont 
Rumfbrd  has  given  an  interesting  account  of  the  heat  excited  in  boring  csan- 
noB,  which  was  so  abundant  as  to  heat  a  considerable  quantity  of  water  to  its 
boiling  point    It  appeared  from  his  experiments  that  a  body  never  ceases  to 

E'  re  out  heat  by  friction,  however  long  the  operatbn  may  be  continued ;  and 
infened  from  this  ohiervation  that  heat  cannot  be  a  material  subetanoeB 
but  is  merely  a  property  of  matter.  Pictet  observed  that  solids  alone  produee 
heat  by  friction,  no  elevation  of  temperature  taking  place  from  the  mere  ngi- 
tation  of  fluids  with  one  another.  He  found  that  the  heat  excited  by  friction 
IS  not  in  proportion  to  the  hardness  and  elasticity  of  the  bodies  employed. 
On  the  contrary,  a  piece  of  brass  rubbed  with  a  piece  of  cedar  wood  produced 
more  heat  dian  when  rubbed  with  another  piece  of  metal;  and  the  heat  was 
BtiU  greater  when  two  pieces  of  wood  were  empbyed. 


SECTION  II. 

LIGHT. 

Optics,  from  WrofAUt,  I «««,  is  the  science  which  treats  of  light  and  i 
Of  the  nature  of  lisht  two  rival  theories  are  entertained.  According  to  some, 
and  this  was  the  &eory  sanctioned  by  the  great  authority  of  NevTton,  light 
is  an  emanation  from  luminous  bodies,  such  as  the  sun,  Uie  fixed  stars,  and 
incandescent  substances;  and  consists  of  inconceivably  minute  particles, 
which  are  too  subtile  to  exhibit  the  common  properties  of  matter,  travel  in 
straight  lines  with  immense  velocity,  and  produce  the  sensation  of  light  by 
passing  into  the  eye,  and  striking  against  the  expanded  nerve  of  vision,  the 
retina.  Others  deny  to  light  a  separate  material  existence,  and  ascribe  ite 
eflfects  to  the  vibrations  or  undulations  of  a  subtile  ethereal  medium  universally 
present  in  nature,  the  pulses  of  which,  in  some  way  excited  b^  luminous  ob- 
jectf,  pass  through  space  and  transparent  bodies,  and  give  rise  to  vision  by 
impressing  the  retina,  in  the  same  way  as  pulsations  of  air  impress  the  norve 
of  hearing,  and  produce  the  sensation  of  sound.  The  latter,  the  unduUUitry 
ihmry  of  lights  which  was  formerly  maintained  by  Descartes,  Huygens,  and 
Euler,  but  subsequently  fell  into  disuse,  has  of  late  received  powerfUl  support 
from  Sir  John  Hcrschel  and  Professor  Airy,  who  in  their  analytic  researches 
on  polarized  light  find  the  'phenomena  more  fully  explicable  on  the  undula- 
tory  than  by  the  Newtonian  theory.  In  this,  however,  as  in  some  other  de. 
partmento  of  science,  either  of  two  theories  serves  the  purpose  of  classifying 
fkcts  and  explaining  most  of  the  phenomena,  the  advantage  lying  sometimes 
on  one  side  and  sometimes  on  the  other.  At  present,  the  stron^st  evidenoe 
is  in  favour  of  the  undulatory  theoiy;  but  as  the  views  of  Newton  are  still 
generally  used  and  understood,  and  readily  apply  to  all  the  subjecto  which 
Uie  design  of  this  work  admite  of  being  noticed  here,  I  shall  continue  to 
adopt  it,  referring  those  who  are  prepar<^  to  study  the  undulatory  theory  to 
Sir  J.  Herschers  article  on  light  m  the  Encyclopedia  MetropoUUma^  and  to 
the  Mathematical  Tracts,  3nd  edition,  of  Professor  Airy. 


IXfiuim  9f  IAghti—\A^\  u  emitted  by  ff^f/n  TimUe  poiat  of  a  Inmiaoat 
obfeet,  and  is  equally  distribated  on  all  sides,  if  not  intercepted,  dlverfisf 
Jil^  ndli  drawn  from  the  centre  to  the  circomferenee  of  a  circle.  Thna,  if 
a  nngle  laCDinous  point  were  placed  in  the  centre  of  a  hollow  sphere,  e^ery 
point  of  its  concavity  would  be  illuminated,  and  eqoal  areas  would  reoeifv 
eqnal  quantities  of  light  The  smallest  portion  of  light  which  oaa  be  sepa* 
Fated  from  contigrooas  portions,  is  called  a  ray  of  IvAl.  Each  ray,  wImh  not 
inlermpCed  in  its  courae,  and  while  it  remains  in  the  same  mediom,  mei?ea 
in  a  etraiffat  line ;  aa  is  obrioos  by  the  appearance  of  shadows  cast  by  the 
side  of  a  house,  or  of  a  sun-beam  admitted  through  a  small  apertore  into  a 
<hrk  room.  Owing  to  these  modes  of  distribution,  it  follows  that  the  qmii- 
tity  of  light  'which  faUs  upon  a  given  surface  decreases  as  the  square  of  its 
dutanee  from  the  luminous  object  increases,  the  same  law  which  leguktas 
the  heating  power  of  a  hot  body.  (Pago  9.) 

The  passage  of  light  is  progressive,  time  being  teqoired  lor  its  motioa 
from  one  place  to  another.  By  astronomical  obsenratioas  it  is  fbuad  that 
light  travels  at  the  rate  of  nearly  195,000  miles  in  a  second  of  time,  and 
would  require  about  eight  minutes  to  pass  from  the  sun  to  the  earth.  Owiag 
to  this  prodigious  velocity,  the  light  emitted  in  the  firing  of  a  eannou  or  a 
sky-rocket  is  seen  by  di&rent  spectators  at  the  same  instant,  whatever  may 
he  their  respective  distances  from  the  rocket,  the  time  required  for  light  to 
travel  100  or  1000  miles  beinr  inappreciable  to  our  senses. 

^When  light  fails  upon  any  body,  it  may,  like  radiant  heat  (page  9,^  dis- 
pose of  itself  in  three  difierent  ways,  being  rtJUcttd^  refracted^  or  mUorbed, 
xhe  phenomena  connected  with  the  two  former  modes  of  distribution  I  shall 
piwceud  to  consider  in  succession ;  wliile  those  of  absorbed  light  wiU  be  in- 
eluded  mder  the  head  of  Decomfontmn  tf  Light. 

REFLECTION  OF  LIGHT. 

Light,  so  &r  as  is  known,  ib  not  reflected  by  purely  gaseous  bodies ;  but  it 
is  reflected  by  air  containing  floating  particles  of  moisturo  in  the  form  of 
clouds,  and  by  all  solids  and  liquids,  though  in  Yerj  different  degrees.  Bright 
metallic  surfaces,  such  as  polished  brass  and  silver,  or  clean  mercury,  reflect 
nearly  all  the  rays  which  fall  upon  them ;  while  those  which  are  dull  and 
tuugh,  reflect  but  few  of  the  rays.  The  reflection  of  light,  like  that  of  heat, 
takes  place  at  the  sor&ce  of  bodies,  and  appears  influenced  rather  by  the 
condition  of  the  surface  than  by  the  nature  of  tlie  reflecting  body.  The  di- 
rection  of  the  reflected  ray,  whatever  may  be  the  nature  or  figure  of  the  re- 
flecting sur&ce,  is  regulated  by  these  two  laws. 

I.  TIm  incident  and  reflected  ray  always  lie  in  the  same  plane,  which 
plane  is  perpendicular  to  the  reflecting  surface. 

IL  The  incident  and  reflected  ray  always  form  equal  angles  with  the  re. 
fleeting  sarfice;  or,  what  aroounto  to  the  same,  the  angle  of  incidence  is 
always  equal  to  the  angle  of  reflection. 

Let  AS,  figure  1,  represent  a  pkme  mirror,  id  the  direction  of  a  ray  falling 
on  AS  at  the  point  d,  and  dp  a  line  perpendicular  Fig.  1. 

to  the  mirror  am.    Then  a  i^ne  passing  through  r  .  />  -» 

iw  wffl  be  perpendieobr  to  At,  and,  by  (he  first  ^\  '^  ^^ 

law,  the  reflected  ray  na  will  lie  wmewkere  in       X 
that  plane.    Also,  by  the  second  law,  tlie  angle  \ 

of  rediection  u>r  must  be  equal  to  the  angle  of  >^ 

incidence  idp.    Hence,  as  soon  as  the  direction 

of  the  incident  ray  is  given,  that  of  the  reflected  Miwrnimiia        

ray  is  known  also.  JL  JD  J3 

Hieoe  laws  apply  equally  to  convex  and  eoooave  mirrors.    A  cirele  or  any 
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eunra  may  be  viewed  m  a  ptAygan  with  very  thmti  n^et  cireamaeriliiEf  Ike 
eurre,  u  shown  in  oi,  fig.  3 ;  and  on  this  prin-  Pif .  s. 

eiple  a  tangent  Uf  at  any  point  d  of  a  carre  ab, 
may  be  taken  as  identical  at  the  tonching  point 
with  the  carve  itself.  Similarly,  may  a  plane,  tan- 
gent to  a  curved  sar&ce,  be  considered  as  part  of 
tnat  surface  at  the  point  of  contact  The  action 
of  a  curved  mirror  may  hence  be  referred  to  that 
of  a  number  of  tangent  planes,  which^wiU  reflect 
li^ht  agreeably  to  the  two  laws  above  mentioned, 
llius,  let  AB,  ng.  3,  be  a  convex  mirror,  being  a  segment  of  a  sphere,  the 
oei\tre  of  which  is  c ;  let  id,  i'd'  Fig.  3. 

be  parallel  rays,  incident  at  d,  d'. 

The  dotted  lines  dp,  d>'  will  be  ^^ 

respectively  perpendicular  to  the 
tangent  at  d,  d'  ;  the  angles  of  in- 

cidence  are  idp,x  i^d'p'  ;  and  pna,  J^^''  T 

p'dV,  the  angles  of  reflection.  ^^-  ^ 

Parallel  rays  flulinflr  on  a  convex  ^^-  -  '  ' 
mirror  are  obvious^  scattered  or  '    " "  *  ..  ^  Bt^' 

made  to  diverge.  "  "■  *  -M^ J 

On  the  same  principle   must  jf 

parallel  rays  falling  on  a  ooooave  -^ 

spherical  mirror,  as  represented 
by  fig.  4,  be  BO  reflected  as  to  con- 
verge  and  meet  together  at  one  point  p,  which  is  called  its  faeu»  for  paraUd 
ray^  or  its  prineipdl  foeu9^  and  is  situated  midway  between  the  centre  o,  and 


the  axis  of  the  mirror  K.  The 
dotted  lines  represent  the 
perpendicular  to  the  tangent 
at  the  respective  points  of 
incidence,  d,  d'  d,  (f .  From 
the  same  figure  it  is  obvious 
that  the  diverging  rays  emit- 
ted  by  a  light  placed  in  the 
fbcuB  of  a  concave  mirror 
are  rendered  parallel  by  re. 
flection.  If  the  light  be  pla- 
ced  between  i  and  r,  then 


Fif.  4. 


^^-^. 

1: 

C^^c 

4' 

V--'' 

J' 


the  rays  will  continue  divergent  afier  reflection.  On  placing  the  light  be- 
tween w  and  c,  the  incident  rays,  diverging  less  rapidly  than  when  the  liffht 
was  at  p,  will  converge  after  reflection,  and  meet  at  some  point  beyond  o, 
which  point  is  more  remote  from  c  the  nearer  the  light  is  to  r.  When  the 
light  is  at  c,  all  the  rays  are  reflected  back  to  o ;  since  each  ray  will  then  be 
perpendicular  to  the  tangent  at  iu  point  of  incidence.  The  student  will 
easily  comprehend  these  statements,  if  he  will  but  take  rule  and  oompass, 
and  draw  a  few  figures  for  himself. 

The  statement  above  made,  that  parallel  rays  are  ooUsetcd  into  mm  point 
by  reflection  from  a  concave  spherical  mirror,  is  not  strictly  oorreet    When 


Plf.5. 


the  mirror  is  very  flat,  being  a 
small  segment  of  a  Urge  sphere, 
the  rays  meet  very  nearly  in  one 
point;  but  they  are  far  from  doing 
so  wlien  the  curvature  of  the  mir- 
ror  is  considerable.  This  defect 
ef  spherical  mtrron*  which  arises 
fVom  their  form,  and  is  termed 
^ipk^rieal  aberration^  is  exhibited 
in  fig.  5,  where  the  rays  uf,  t'^, 
near  the  axis,  meet  at  p;  whereas 
'*«  remoter  rays  in,  I'e',  are  ooUeoted  at  /.    The  oonsaquanoe  oC  audi  aber- 
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I  is  a  eonliued  image,  a  defect  wliidi  it  remedied  ht  diminiaiuDg  cur- 
vature, and  catting  off  by  Bcrecns  t|ie  rajs  most  distant  jrom  tbe  axis.  IV 
rabolic  raflectors^  when  accorately  made,  are  entirely  free  from  this  inooo- 


Tlie  positioa  in  which  objects  are  seen  after  being  reflected  will  now  be 
easily  understood.  LetiiN,Gg.6,beanarrow 
plaoed  before  a  phme  mirror  as,  s  the  eye  of 
■n  obserrer,  ue  im  rays  emanating  from  tlie 
point  of  the  arrow,  and  iff  nd  rays  proceed- 
ing  from  its  shaft  The  only  reflected  rays 
which  reach  the  eye  are  those  that  fiiU  be- 
tween the  points  e  and  d.  Those  issuing 
from  any  single  point,  m,  continue  to  diverge 
at  the  same  rate  afier  as  before  reflection; 
and,  thoogh  they  are  reflested  and  enter  the 
eye  separately,  they  are  collected  together  by 
the  refracting  power  of  that  organ,  and  ap- 
pear to  tiie  cKserver  to  issue  from  a  point  m, 
at  which,  if  continued  back,  they  would  in- 
tersect. The  same  is  true  of  rays  issuing 
from  ir,  and  from  all  points  intermediate  between  m  and  n.  By  inspecting 
the  figure  it  will  be  seen  that  each  part  of  the  image  ma  is  at  the  aame  dis- 
tanee  beliind  the  mirror  ss  the  object  us  is  before  it,  and  that  the  image  and 
object  hare  the  same  length ;  consequences  which  flow  necessarily  from  the 
laws  of  reflection  and  the  known  properties  of  triangles. 

Again,  let  the  arrow  mn,  6g.  7,  represent  a  high  distant  object,  towarda 
FSg.  7. 
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which  a  spherical  mirror  ab  is  directed.  Rays  emanating  from  m  and  falling 
on  tbe  mirror  at  a,  b,  and  a,  will  be  so  reflected  that  they  all  meet  at  a  point 
m ;  rays  diverging  from  n,  and  reaching  the  same  points  of  the  mirror,  will 
be  collected  at  n;  and  all  points  intermediate  between  m  and  n  will  be  repre- 
sented alonj^  tbe  line  mn^  forming  a  small  inverted  image  of  the  object.  As 
the  rays  pnor  to  reflection  were  divergent,  their  focal  points  will  be  nearer 
the  centre  c  than  tbe  focus  for  parallrl  rays.  The  image  mny  will  be  much 
smaller  than  the  object,  the  ratio  of  their  lengths  being  directly  as  their  dis- 
tances from  the  mirror,  a  relation  which  tbe  geometric  reader  will  discover 
for  himself  by  inspecting  the  figure :  if  mn  be  1000  feet  from  the  mirror, 
and  mn  at  one  feot,  the  image  will  be  diminished  in  length  1000  times. 
Hence,  as  tbe  size  and  position  of  the  image  can  be  measured,  the  distanoe  of 
the  object  may  be  calculated  if  we  know  its  size;  or  its  size  may  be  inferred 
from  a  knowledge  of  its  distance. 

^  The  construction  of  the  simple  reflecting  telescope  depends  on  the  prin- 
ciple just  explained.  The  small  size  of  the  image  is  compensated  for,  partly 
by  its  brightness,  since  each  point  is  formed  by  the  concentration  of  many 
rays,  and  partly  by  the  advantage  of  placing  the  eye  close  to  it.  In  order 
to  see  the  image  mn,  the  observer  may  pUce  in  the  focus  a  piece  of  ground* 
glass  or  tissue-paper ;  or,  a  hole  being  cut  in  the  mirror  at  a,  the  image 
may  be  received  on  a  small  plane  mirror  placed  in  the  focus,  and  be  reflect- 
ed to  the  observer  at  x.  Instead  of  using  a  plane  mirror  for  this  purpose, 
ma  may  be  considered  as  a  new  otjeetj  and  be  reflected  by  a  second  smaller 
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oonctve  mirror  placed  between  nm  and  c,  and  in  front  of  AB;  tor  the  eon^ 
ver^n^  rays  which  meet  at  any  pointgn  of  the  image,  croea  each  other  at 
that  point,  and  then  diverge  exactly  aa  though  the  place  of  the  image  were 
occupied  by  a  real  arrow.  The  aecond  mirror  may  be  so  plaoed  aa  to  ma|^- 
nify  the  image  m»;  and  the  aecond  image  may  be  atill  further  enlarp[ed  by 
a  eonvez  lena.  Compound  reflecting  teleaoopea  are  constructed  on  thia  prin- 
eiple. 

The  arrangement  displayed  by  figure  7  is  exactly  that  of  a  simple  reflect* 
ing  microscope,  provided  mn  be  viewed  as  a  small  real  object,  and  mn  aa 
ita  magnified  inverted  image.  If  mn  were  placed  in  the  principal  fbcoa,  the 
reflected  rays  would  be  parallel,  and  hence  could  not  meet  to  form  en 
image )  but  if  situated  rather  beyond  the  principal  focus,  as  in  the  fiffure, 
then  the  rays  converge  after  reflection,  and  give  an  enlarged  imapre  or  the 
small  object  The  ratio  of  the  length  of  the  object  and  image  will,  aa  be- 
fore,  be  aa  their  reapective  distancea  from  the  mirror. 

REFRACTION  OF  LIGHT. 

Light  traverses  the  same  transparent  medium,  such  as  air,  water,  or 
glass,  in  a  straight  line,  provided  no  reflection  occurs,  and  there  ia  no 
change  of  density ;  but  when  it  passes  from  one  medium  into  another,  or 
from  one  part  of  the  same  medium  into  another  of  a  different  density,  a 
change  of  direction  always  ensues  at  the  place  of  junction  of  the  media, 
except  when  the  ray  is  perpendicular  to  that  pldme.  For  instance,  let 
AS  a'b',  fig.  8,   represent  a  vertical  Fig.  K 

section  of  a  vessel  (Ull  of  water,  and 
pp'  the  perpendicular  to  the  surface 
of  the  water  at  the  point  o.  Should 
a  ray  of  light  enter  toe  water  perpen- 
dicularly  to  ita  surface,  aa  in  the  line 
of  po,  it  will  continue  on  its  course 
to  p'  without  deviation ;  but  if  it  de- 
scend  obliquely,  aa  in  the  direction  of 
ic,  it  will  suffer  a  bend  at  o,  and  j^ 
proceed  to  k,  instead  of  advancing  JP'GrtJ 

along  the  dotted  line  to  f.  Converse- 
ly, were  a  ray  of  light  to  emanate  from  i  and  emerge  at  c,  it  would  not 
advance  to  e,  but  take  the  direction  of  ct.  By  comparing  the  direction  of 
the  refracted  ray  in  these  two  cases  in  relation  to  the  vertical  pp',  it  will  be 
aeen  that  the  ray  approaches  tlie  perpendicular  in  entering  from  air  into 
water,  and  recedes  from  it  in  passing  out  of  water  into  air.  The  same  re- 
mark  applies  to  the  passage  of  light  from  or  into  air  into  or  out  of  solid 
«r  Hquid  media  in  general 

Bodies  differ  in  their  power  of  refracting  light  In  general,  the  denser 
a  substance  is,  the  greater  is  the  deviation  which  it  produces.  If  in  fig.  8 
sulphuric  acid  were  mixed  with  the  water,  the  ray  lo  would  be  refracted  to 
some  point  between  i  and  o ;  and  if  a  solid  cake  of  glass  were  substituted 
for  that  liquid,  the  refracted  ray  would  be  bent  down  to  og.  But  this  i^  fiir 
from  universal : — alcohol,  ether,  and  olive  oil,  which  are  lighter  than  water, 
have  a  higher  refractive  power.  Observation  has  shown  it  to  be  a  law,  to 
which  no  exception  is  yet  known,  that  oils  and  other  highly  inflammable 
bodies,  such  as  hydrogen,  diamond,  phosphorus,  sulphur,  amber,  olive  oil, 
and  camphor,  have  a  refractive  power  which  is  from  two  to  seven  times' 
greater  than  that  of  incombustible  substances  of  equal  density.  But  what- 
ever m^  be  the  refractive  power  of  bodies  in  relation  to  each  other,  re- 
fraction is  always  governed  by  the  two  following  laws,  discovered  in  1618, 
by  Snell,  though  usually  ascribed  to  Descartes. 

1.  The  direction  of  the  incident  and  refracted  ray  is  always  in  a  plane 
perpendicular  to  the  surface  common  to  the  media. 
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S.  The  me  of  the  angle  of  ineideiioe  and  the  mbo  of  the  angle  of  refrae- 
tioD  are  in  a  conalant  report  for  the  eame  media. 

The  fint  law  in  similar  to  the  first  law  of  reflection  already  explained — 
(Pife  55.)  To  explain  the  second  law, 
let  AXB,  fi^.  9,  bo  a  Tertical  section  of  a 
refiraetiag  mediom,  rr^  the  perpendieolar 
to  it,  ic  a  ray  of  lig^ht  incident  at  o;  and 
CB  the  refracted  ray.  Then  icp  is  the 
OMie  tf  inddenee,  and  Bcr'  the  angle  of 
r^meHmu  Also  from  c,  as  a  centre, 
with  any  radios  ci,  and  in  the  plane  of  ' 
the  ray  ks,  draw  a  circle;  and  from  the 
points  I  and  k,  where  the  course  of  the 
ray  eots  the  circle,  let  fidl  lo,  ic  at  rin^ht 
angles  to  rr'.  Then  may  m  be  consider- 
ed the  trae  of  the  angle  of  incidence, 
and  ne  the  wm  of  the  angle  of  refraction. 
The  second  law  denotes  that  these  lines  axe  for  each  substance  in  a  constant 
ratio,  whatever  may  be  the  direction  of  the  incident  ray.  In  the  figure  the 
■ne  of  the  angle  of  refivction  is  to  the  sine  of  the  angle  of  iocidenoe  as 
1  to  2;  and  this  ratio  being  once  determined,  each  ray  must  conform  itself 
to  it,  so  that  any  angle  of  incidence  being  given,  the  direction  of  the  refiract- 
ed  ray  may  be  foretold.  Thus,  if  to  bo  a  second  ray  incident  at  c,  of  which 
i^  is  the  one  of  the  angle  of  incidence,  the  ray  will  be  bent  into  such  a 
course,  that  ed  shall  betotftaslistoS.  This  ratio  is  nearly  that  observed 
in  glass  made  of  one  part  of  flint  to  three  of  oxide  of  lead.  In  common 
flint-glass  the  ratio  is  nearly  as  1  to  1.6;  in  water  it  b  as  1  to  1.336;  in  oil 
of  cassia  as  1  to  1.641;  in  diamond  as  1  to  2.755;  in  phosphorns  as  1  to 
2J824;  and  in  melted  su)|^ur  as  1  to  S.148.  By  tbua  representing  the  sine 
of  the  aiufle  of  refraction  by  1,  the  sines  of  the  angle  of  incidence  in  all 
bodies  refer  to  the  same  unit  of  comparison,  and  are,  therefi>re,  at  once  oom- 
paiable  with  each  other:  such  numbers  are  called  xndieeB  cf  refraetumt  and 
indicate  the  degree  of  refractive  power.  For  example,  the  index  of  rtfrae- 
ften,  for  water  is  1.336 ;  fi>r  flint-glass  1.6 ;  and  for  diamond  2.755. 

"By  means  of  Snell's  laws  of  refraction,  and  with  a  knowledge  of  the  in-  ' 
dices  of  refivcticm,  the  course  of  a  ray  of  light  throush  any  medium  may 
be  indicated,  whatever  may  be  the  nature  or  figure  of  that  medium,  or  the 
direction  of  the  ray.  The  refracting  substance  most  used  in  optics  is  glass, 
which  is  ground  into  difierent  forms,  such  as  prisms  and  lensies,  socording 
to  the  purpoee  for  which  it  is  designed.    One  of  the  simplest  cases  is  the 


Fig.  10. 


refraction  of  a  plane  glass,  such  as  Uie  pane  oi  a  window. 
Let  10,  fig.  10,  be  a  ray  incident  on  the  ~ 

Xside,  AS,  of  a  pbme  glass,  and  cm  the 
ted  ra^ :  at  its  exit  at  the  under  side, 
aV,  which  IS  parallel  to  ab,  it  will  be  le- 
fru^  to  the  same  amount  as  at  its  en- 
trance,  and  will  pass  on  in  the  direction  of 
tt,  appearing  to  an  observer  at  e  to  have 
come  along  the  line  i'e,  parallel  to  its  real 
course  ic.  Hence,  in  looking  at  an  object 
through  a  window  it  is  not  seen  in  its  real 
position;  but  as  all  the  rays  are  similarly 
aifeeted,  the  object  is^not  distorted,  provided 
the  opposite  sides  of  the  glass  are  really 

In  studying  the  influence  of  curved  media  on  light  the  same  rule  is  to  be 
obaerved  as  in  reflection  by  curved  mirrors  (page  56):  a  plane,  tangent  to 
the  curved  surfiioe  at  each  point  of  incidence,  is  to  be  drawn  or  imagined, 
and  the  direction  of  the  ray  deduced  in  reference  to  that  plane.  On  apply- 
bg  this  rule  to  convex  and  concave  knses,  it  is  found  that  the  former  act 
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like  ooncave  mirrors,  tnd  tanci  to  coUeet  tho  refracted  rays  tofetber;  wUawj- 
•fl  a  concave  lens,  like  a  convex  mirm',  tenda  to  scatter  them.  Figure 
11  represents  parallel  rays  fallingr 
upon  a  doubly  convex  lena,  the  two 
curved  surfaces  of  which  are  shown 
by  the  vertical  section  as.  The  ray 
«F,  which  &1l8  perpendicularly,  goes 
without  deviation  through  the  mid- 
dle or  axU  of  the  lens.  The  other 
rays  enter  and  quit  the  lens  so  as  to 
form  a  smaller  angle  on  one  side 
than  on  the  other,  and  the  acute 
angle  obviously  lies  on  the  side  towards  the  axis ;  everv  ray  is  bent  towards 
that  axis  by  both  surfaces;  and  as,  from  the  figure  of  the  lens,  the  rays  most 
distant  from  the  axis  approach  the  lens  at  the  smallest  angle,  they  also 
maSor  the  greatest  refraction.  The  result  is,  that  the  rays  converge  and 
meet  at  a  point  r,  termed  the  foeu8  o£  parallel  rays,  or  the  nrincipalfocua. 
Its  distance  from  o  varies  both  with  tne  curvature  of  the  lens  and  the  re- 
fracting power  of  the  glass  with  which  it  itf  made.  With*  glass  of  tlie 
same  quality  the  focal  distance  depends  on  the  figure  of  the  lens,  the 
greatest  convexity  eiving  the  shortest  focal  distance. 

As  the  lens  in  figure  11  brings  parallel  rays  into  a  focus  at  f,  it  is  ob- 
vious  that  rays  diverging  from  a  lummous  object  placed  at  w  will  be  render- 
ed  parallel  by  the  same  lens,  the  course  of  the  rays  being  simply  reversed. 
Were  a  light  situated  between  w  and  c,  its  rays  would  diverge  so  much  that 
the  lens  could  not  render  them  parallel,  and  they  would  continue  divergent 
after  refraction.  On  removing  Uie  light  to  the  right  of  p,  the  incident  rays 
have  such  diminished  divergence  that  they  converge  afler  refraction,  and 
meet  at  a  certain  dutance  to  the  left  of  the  lens,  which  distance  diminishes 
as  the  light  recedes  from  r ;  until  at  length,  when  the  luminous  object  is  so 
far  on  the  right  side  of  the  lens  that  the  incident  rays  may  be  considered 
parallel,  they  will  be  bent  into  a  focus  at  f^. 

Convex  lenses  are  subject  to  the  defect  called  tpkerieal  aberration  equally 
with  concave  mirrors  (page  56),  and  from  the  same  cause.  The  spheric«l 
figure  of  a  convex  lens  causes  undue  refitiction  of  the  ravs  incident  near  its 
margin,  so  that  such  rays  have  a  shorter  focal  distance  than  those  incident 
near  its  axis.  The  defect  is  more  conspicuous  in  lenses  of  consideraUe  curva- 
ture than  in  flat  ones;  and  it  may  be  remedied  by  intercepting  the  marginal 
rays  with  an  opaque  screen,  or  by  forming  such  a  combination  of  lenses,  as 
ma^  augment  the  convergence  of  the  rays  near  the  axia  without  equally 
justing  on  those  more  distant  from  it  In  the  eye  this  evil  is  averted  by  the 
substance  of  the  lens  increasing  in  density  from  its  margin  to  the  axis. 

The  action  of  concave  lenses.  Fig.  IS. 

fig.  12,  is  the  opposite  to  that 

of  convex  lenses.     Drawing  a  ■«  A     ^..^^"^^ 

tangent  to  any  point  of  the      X  .  ■        ''mm  '"""'^  ^d 

curve,  and   construcUng    the      -f  ""mh 

Sines  of  incidence  and  refrac-  ^     ''-^'"""^M 

J?^"*  "  >°  figure  9,  it  wUl  be  ^  y^-'^^-'v.- Ji 

found  that  parallel  rays  wiU      1/  ^  'W-^^--^-^^^ 

fore  the  V^  i  ^'^erge  as  if  they  had  emanated  fix)m  a  common  point  w  be. 
the  refracUiJi-  "^^  **"  principal  focus,  the  posiUon  of  which  depends  on 
ture.  ConverJe?''^*'^  °^  ^^^  substance  of  the  lens,  as  well  as  on  iu  carva- 
ftwus  F  of  .  doiifi  ****  ^y'  ^'  ^'  ^  ^'^  converging  towards  the.  principal 
their  orie-inal  ^  concave  lens,  will  be  rendered  parallel  by  such  lens :  if 
tion ;  but  if  th?''^^''^'^^  ^ere  less  rapid,  they  would  diverge  afler  refrac- 
still  converreiS^  *^"Jvergenco  were  to  a  point  between  F  and  c,  they  would 
point  leas  ^m^^  i^^fraction,  and  meet  somewhere  along  the  axis  fb,  at  a 
ote  the  greater  the  original  convergence.    Rays  already  di- 
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vwgflDt  will  diverge  still  more  after  pumng  through  a  ooneaTo  lens.  Ilnis 
tiie  influenoe  of  concave  lenses,  whether- concave  on  both  sides  or  on  one 
oDiv,  is  exactly  opposed  to  that  of  convex  lenses.  The  former  tend  to  dimir 
niso  or  destroy  converfrence,  and  to  render  diverging  rays  still  more  diver- 
gent; whereas  the  latter  diminish  or  destroy  divergence^  and  give  increased 
eoovergence  to  rays  already  convergent  pjg,  1^ 

The  refracting-  properties  of  convex 
leases  are  extensively  applied  in  the  con- 
straction  cit  refiraeting  telescopes  and  micro- 
scopes, the  object  being,  as  in  r^eeting  te- 
lescopes and  microscopes,  to  obtain  a  dis- 
tinct small  image  of  a  large  distant  object,  or 
amagnified  representation  of  a  near  small  ob- 
jeeL  The  nature  of  each  combinations  is  illus- 
tiated  by  the  annexed  wood-cat.  Fig.  13,  in 
which  a6  is  a  doubly  convex  lens  acting  on 


rays  firom  a  distant  object  represented  by 
the  arrow  mn.     As  the  incident  rajs  are 


rays  i 

not  parallel,  bat  divergent,  the  rays  from 

each  point  of  mn  will  be  collected  into  a  fo- 

eiis   at  a  distance    behind   oA,  somewhat 

greater  than  the  fbcos  of  parallel  rays/; 

and  an  inverted  image  iim  will  be  produced. 
The  length  of  the  image  to  that  of  the  oh- 
jeet  will  be  directly  as  their  respective  dis- 
tances  from  the  centre  of  tlie  lens  a6,  ex- 
aelly  as  in  the  reflecUng  telescope  (page 
57).  If  Mir  is  well  illuminated,  its  image 
will  be  bright,  since  each  point  is  formed 

^by  the  oimfloence  of  many  rays.  The 
image  will  be  inverted,  the  rays  which 
emanate  from  the  upper  part  of  the  object 
filming  the  lower  part  of  the  image,  and 
oonversely.  The  direction  in  which  the 
rays  firom  any  point  m  meet,  may  be  found 
by  drawing-  a  straight  line  from  m  through 
the  centre  e  of  the  lens  ab;  for  as  the  ray 
IK  enters  the  lens  above  the  axis  at  the 
same  distance  as  it  quits  it  below  the  axis, 
the  second  refraction  is  exactly  the  reverse 
of  the  first,  and  the  ray  emerges  as  though 
it  had  passed  through  a  plane  glass  (fig.  10), 
— moving  onwards,  not  strictly  in  the  same 
itraJrht  line,  (though  for  convenience  it  is 
Qsamy  represented  as  such,)  but  in  a  line 
parallel  to  it  Figure  13  likewise  exhibits  the  application  of  a  convex  lens 
in  the  construction  of  a  microscope.  For  if  nm  be  a  siftall  object  placed  a 
little  beyond  the  principal  focus  of  the  lens  a6,  the  rays  will  be  so  refracted 
as  to  form  a  large  inverted  image  hn,  the  sixe  of  which  is  determined  by 
the  rule  above  mentioned. 

A  convex  lens  fitted  into  the  wall  of  a  darkened  chamber  constitutes  the 
arrangement  of  a  camera  obecura^  the  inverted  images  of  external  objects 
being  received  on  a  disk  of  paper  or  a  white  board.  In  the  simple  telescope 
the  lens  is  placed  at  the  extremity  of  a  tube  of  such  length  that  the  image 
may  be  formed  witlun  the  tube,  and  the  observer  looks  from  the  other  end 
at  the  image  filmed  in  the  air.  The  eye  acts  on  the  same  principle.  Lu- 
minous rays  entering  the  transparent  parts  of  the  eye  are  refracted  by  the 
eomea  and  crystalline  lens,  and  are  brought  into  a  focus  at  the  bottom  of 
the  eye,  an  inverted  image  of  external  objects  being[  formed  upon  the  retina 
asontbetaUeofacameradbseonu    For  distinct  vision  it  is  necessary  that 
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this  image  shoold  be  formed  exactly  on  the  retina.  Henoe  were  the  eye  an 
ordinary  lens,  having  an  invariable  focus,  oar  range  of  vision  would  be  very 
naiTow :  «n  eye  fitted  for  seeing  at  a  distance,  would  be  useless  for  near 
objects ;  and  persons  who  could  see  near  objects,  would  be  blind  to  remote 
ones.  Two  rays  emanating  from  a  distant  point  cannot  both  fall  upon  so 
small  an  object  as  the  eye,  unless  they  are  nearly  parallel ;  for  if  they  di- 
verged by  even  a  very  small  angle,  they  would  before  reaching  the  eye  sfipa- 
rate  by  ^o  interval  exceeding  the  diameter  of  the  cornea.  On  the  contrary, 
rays  in  rapid  divergence  may  enter  the  eye,  provided  the  point  from  which 
they  emanate  be  close  to  it ;  and  the  nearer  the  object,  the  more  divergent 
the  rays  which  enter.  When,  therefore,  we  observe  a  distant  landscape, 
then  successively  notice  nearer  and  nearer  objects,  and  lastly  cast  the  e^es 
upon  the  page  of  a  book  only  six  inches  distant,  we  receive  rays  commg 
from  a  multitude  of  different  objects,  each  set  of  rays  having  its  own  pecu- 
liar divergence,  and  requiring  a  separate  focus ;  and  yet,  so  wonderful  is  the 
adjusting  power  of  the  eye,  a  single  minute  suffices  for  distinctly  seeing  all 
the  objects  so  beheld,  without  the  consciousness  of  an  effort 

The  adjustment  of  the  eye  for  difierent  distances  appears  to  depend  on  a 
power  of  increasing  or  decreasing  the  distance  between  the  posterior  part  of 
the  eye  and  the  lens,  though  the  mechanism  by  which  this  is  accomplished 
is  unknown.  Some  ascri^  it  to  a  change  in  the  figure  of  the  whole  eye- 
ball,  produced  by  the  muscles  which  move  the  eye ;  but  Sir  D.  Brewster,  I 
think  with  better  reason,  considers  the  position  of  the  lens  to  be  varied  by 
the  same  contractile  tissue  which  determines  the  movements  of  the  iris  and 
the  sixe  of  the  pupil.  To  this  adjusting  power,  however,  there  is  a  limit. 
The  distance  at  which  most  persons  see  small  objects  distinctly  is  about  six 
inches :  at  shorter  distances  the  rays  are  so  divergent,  that  their  fiscal  point 
falls  behind  the  retina,  and  indistinct  vision  is  the  consequence.  Persons 
called  long-tighted  are  unable  to  see  near  objects  distinctly,  owing  to  a  weak 
refracting  power  of  the  eye,  due  to  deficient  convexity  or  density  in  the  hu- 
mours of  the  eye.  This  is  the  infirmity  of  advancing  life,  and  is  remedied 
by  convex  glasses,  which  cause  diverginjf  rays  to  be  parallel  or  slightly  con- 
vergent. In  •hortsighted  persons  the  refractive  poweV,  either  from  undue 
convexity  or  undue  density  of  the  cornea  and  lens,  is  so  powerful,  that  all 
rays  which  do  not  diverge  rapidly  are  brought  to  a  focus  before  they  reach 
the  retina.  Youth  is  the  period  most  obnoxious  to  this  imperfection,  and 
assistance  is  derived  from  a  concave  glass,  which  causes  parallel  rays  to  di- 
verge, and  thereby  counteracts  the  refracting  influence  of  the  eye. 

Objects  are  seen  erect  though  their  images  on  the  retina  are  inverted. 
The  direction  in  which  each  point  of  an  object  is  seen,  may  depend  either 
on  the  direction  of  the  rays  which  form  it,  or  on  the  part  of  the  retina  which 
is  impressed.  On  inspecting  the  image  mn,  figure  13,  it  will  be  seen  that 
any  point  n  is  formed  by  a  multitude  of  rays  lying  within  the  angle  6na, 
each  of  which  has  a  difierent  direction  from  the  others;  and  yet  when  a 
similar  collection  of  rays  is  formed  on  the  retina,  the  observer  sees  only  one 
point  N,  situated  nearly  in  the  direction  of  ncs.  Such  and  similar  conside- 
rations justify  the  belief,  that  the  direction  in  which  a  luminous  point  is 
seen  depends  not  on  the  direction  of  the  rays  as  they  enter  the  eye,  but  on 
the  part  of  the  retina  which  is  impressed.  Sir  D.  Brewster  contends  that 
the  line  of  visible  direction  is  always  perpendicular  to  that  part  on  which  a 
ray  falls ;  and  that,  as  the  eye-ball  is  nearly  a  perfect  sphere,  these  perpendicu- 
lars  must  all  pass  through  the  centre  of  the  eye,  which  he  regards  as  the  eentrt 
of  maibU  dvrtciion.  To  me  his  arguments  do  not  appear  conclusive.  Were 
this  opinion  true,  the  point  m'  of  an  arrow  mV,  figure  14,  would  be  seen 
along  the  dotted  line  mop,  appearing  at  a  spot  very  remote  from  its  real  po- 
sition. It  seems  more  consistent  with  observation  to  take  the  centre  of  the 
crystalline  lens,  or  rather  of  the  collective  humours  of  the  eye  regarded  aa 
one  lens,  as  the  centre  of  visible  direction.  Through  that  centre  c,  fig.  14, 
all  the  directions  pass  from  each  part  of  an  image,  and  these  cross  each 
other :  the  lowest  part  of  an  image  is  the  highest  of  the  object,  and  the 
highest  of  the  image  the  lowest  of  the  object    It  has  been  supposed  that  in 
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in&ntf  we  actnallv  see  erect  objects  inverted,  and  onlj  disoorer  that  they 
are  not  so  bj  the  nabitua]  conection  derived  from  experience;  but  this  fal. 
hcj  has  been  fully  corrected  by  observation  on  persons  bom  blind,  who 
first  obtained  the  power  of  vision  ivhen  of  an  age  to  express  what  thejr  saw. 

The  apparent  size  of  objects  depends  on  their  dis- 
tance from  the  eye.  Let  mc,  nc,  fig.  14,  be  rays  from  '*«•  "• 
the  extreme  points  of  the  arrow  mn,  which  cross  within 
the  eye  at  c :  then  the  angle  mcn  is  termed  the  etnioZ 
an^.  Mere  inspection  of  the  figure  shows  that  the 
lar^r  that  angle  is,  the  greater  will  be  the  arc  on  the 
retma  occupied  by  the  imafe  mn;  and  also  the  greater 
that  image,  the  greater  wiU  be  the  angle  included  by  ^  '  O 
the  lines  of  viaiUe  direction.  The  visual  angle  in  fact 
varies  exactlj  as  the  arc  of  the  image ;  and  as  that  an- 
gle  may  be  found  with  sufficient  accuracy  by  drawing 
Unes  from  the  eye  to  the  extremity  of  an  object,  it  a^ 
fiirds  a  convenient  expression  for  the  length  of  the  image : 
when  the  angles  are  small,  the  linear  magnitudes  of  two 
objects  are  nearly  in  the  same  ratio  as  their  visud  an- 
gles. If  a  second  arrow  m'n',  twice  as  long  as  mn,  be 
placed  parallel  to  mn,  and  at  double  its  distance  from  the 
eye,  then,  by  the  properties  of  similar  triangles,  their 
visual  angles  will  be  equal,  and  their  apparent  magni- 
tode  identical  Conversely,  if  the  two  arrows  be  paraU 
lei,  have  the  same  visual  angle  or  apparent  magnitude, 
and  one  be  twice  as  distant  as  the  other,  the  more  re- 
mote  one  must  be  twice  as  long  as  the  other.  The  ap. 
parent  magnitude  of  the  aame  object  at  different  dis- 
tances  may  be  inferred  on  the  same  principles.  Thus 
if  Mir  approach  the  eye,  remaining  upriffht  all  the  time, 
the  visoal  angle  will  enlarge,  and  at  half  the  distance  iU 
length  will  appear  double ;  or  if  mn  recede  from  the  eye. 
It  will  be  seen  under  a  smaller  angle,  and  appear  pro- 
portiooally  smaller,  until  at  double  the  distance  it  will 
seem  to  be  half  of  its  original  length.  In  fact,  the  ap- 
parent length  of  an  object  increases  in  the  same  ratio  as 
Its  distance  from  the  eye,  or  more  strictly  from  the  point 
c  within  the  eye,  decreases.  A  large  object  seems  a  ft 
mere  speck  at  a  great  distance;  and  a  minute  object  is 
mviaible  unless  brought  close  to  the  eye.  To  bring  an 
object  near  the  eye  is  to  magnify  it  A  tower  which  ap- 
P^  100  feet  high  to  a  person  4  miles  distant,  will  seem  200  feet  high  at  2 
mjJe8,and400atl  mile;  and  the  type  of  a  book  which  at  12  inches  appears  a 
line  in  length,  will  appear  two  Unes  at  6  inches.  In  these  cases  it  is  the  linear 
magnitude  which  varies  inversely  as  the  distance :  the  superficial  extent,  or 
aroL,  will  vary  inversely  as  the  square  of  the  distance. 
^  The  foregoing  considerations  account  for  many  optical  phenomena.  Short- 
J^htfid  persons  see  minute  objects  better  than  those  who  hare  a  long  sight, 
because,  from  the  greater  refractive  power  of  their  eyes  (page  62),  they  can 
bnng  the  object  closer  to  the  ete  than  those  who  are  long-sighted,  and  there- 
fore see  it  under  a  greater  angle.  But  byaid  of  a  convex  lens  a  lonff-sighted 
person  may  attain  tiie  same  end.  Let  him  place  the  object  in  the  focus  of  a 
convex  lens,^  and  the  eye  at  a  distance  behind  convenient  for  receiving  all 
the  rays  which  pass  through  it :  the  diverging  rays,  rendered  parallel  by  the 
lens,  are  readily  formed  by  the  eye  into  an  image  on  the  retina,  and  the  ob- 
ject is  seen  under  the  same  angle  as  though  the  eye  had  occupied  the  posi- 
tion  of  the  lens.  This  arrangement  is  shown  by  %ure  13,  where  mn  is  the 
object,  AS  the  lens,  and  k  the  eye  of  the  observer.  If  the  focal  distance  of 
the  lens  be  I  inch,  we  gain  the  same  advantage  as  though  the  eye  itself  were 
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plaoed  at  one  inch ;  and  takiofr  6  inches  as  the  shortest  distance  of  distinct 
Tision  with  the  nnaided  eve,  the  apparent  length  of  the  arrow  will  he  in- 
creased  in  the  ratio  of  1  to  o.  With  a  lens  of  huf  an  inch  focus,  the  increase 
will  bea8J|to6,  orltol2;  and  if  the  focos  is  JLtli  of  an  inch,  the  increase 
will  be  as  1  to  6,  or  1  to  60.  CunTcz  lenses  are  hence  frmiliarly  known 
by  the  name  of  magnifying  glattes. 

Convex  lenses  are  similarly  employed  in  the  construction  of  compound 
microscopes  and  telescopes.  In  figure  13,  let  nm  represent  a  small  object 
formed  by  the  lens  ah  into  an  enlar^  image  us :  that  image  may  be  viewed 
by  the  eye  at  the  distance  of  6  inches ;  but  by  interpoein?  a  second  lens  as 
of  1  inch  focal  distance,  the  effect  is  the  same  as  though  the  eye  were  at  1 
inch,  and  thus  the  image  is  further  increased  in  the  ratio  of  1  to  6.  The 
lens  AB  is  called  the  eye.g'Ioss,  and  ab  the  ohject-glaM,  Again,  in  a  teleseope, 
a  large  distant  object  is  represented  as  a  minute  image,  and  so  far  its  mag. 
nifying  power  depends  o^  the  eye  being  able  to  inspect  a  small  iniag^e  at  6 
inches  instead  of  the  large  object  at  a  great  distance.  For  instance,  a  tower 
400  feet  high,  formed  into  an  image  1  foot  long,  is  thereby  shortened  400 
times ;  but  as  that  image  can  be  seen  distinctly  at  the  distance  of  }  a  foot 
instead  of  the  object  at  400  feet,  the  elongation  due  to  this  cause  alone  is  as 
1  to  800.  The  apparent  height  of  the  tower  is  thus  diminished  400  times 
by  one  cause,  and  increased  800  times  by  another ;  so  that  the  compound 
effect  is,  that  it  is  doubled.  But  by  employing  a  second  lens  with  a  Teiy 
short  focus,  the  image  msy  be  still  further  magnified  to  a  great  eztenL 

Double  Refraction, — If  on  a  piece  of  paper  with  a  black  line  on  its  sor- 
face  we  place  a  rhombohedron  of  loeland-spar,  and  then  look  at  the  fine 
through  the  crystal,  it  will  be  found  that  in  a  certain  position  the  line  ap- 
pears  single  as  when  seen  through  water  or  glass ;  but  in  other  positions  of 
the  crystal  two  lines  are  visible  parallel  to  each  other,  and  separated  by  a 
distinct  interval.  The  light  in  passing  through  the  crystal  is  divided  into 
two  portions,  one  of  whidi  obeys  the  laws  of  refraction  already  explained 
(page  58) ;  whereas  the  other  portion  proceeds  in  a  wholly  different  direc- 
tion,  and  hence  gives  the  appearance  of  two  objects  instead  of  one.  Tl» 
former  is  termed  the  ordinary^  the  latter  the  extraordinary  ray.  This  phe- 
nomenon is  known  by  the  name  of  double  refraction^  and  has  been  witnessed 
in  many  crystallized  substances,  as  in  minerals  and  artificial  salts. 

Light,  transmitted  through  Iccland-spar  or  other  doubly  refracting  sub- ' 
stances,  is  found  to  have  suffered  a  rcmorkable  change.  In  this  state  it  is 
distinguished  from  common  light  by  the  circamstance,  that  when  it  falla 
upon  a  plate  of  glass  at  an  angle  of  56°  IT,  it  is  almost  completely  reflected 
in  one  position  of  the  glass,  and  is  hardly  reflected  at  all  in  another:  if  re- 
flected^ when  the  plane  of  reflection  is  vertical,  no  reflection  ensues  when  the 
reflecting  plane  is  horizontal,  the  incident  angle  being  maintained  at  56°  11'. 
This  curious  properly,  so  different  from  common  light,  has  been  theoreti- 
cally  ascribed  to  a  kind  of  polarity  of  such  sort,  that  each  side  of  a  ray  of 
light  is  thought  to  have  a  character  different  from  the  two  adiacent  sides  at 
ri^ht  angles  to  it;  and  hence  the  origin  of  the  term  polarized  %At,  by  which 
this  property  is  distinguished.  Light  is  polarized  by  reflection  from  many 
substances,  such  as  glass,  water,  air,  ebony,  mother-of-pearl,  and  many  crys- 
tallized substances,  provided  the  light  is  incident  at  a  certain  angle  peculiar 
to  each  surface,  and  which  is  colled  the  polarizing  angle.  Thuf»,  the  polar- 
izing angle  for  glass  is  56°  11',  ond  for  water  53°  14';  that  is,  common 
light  reflected  by  glass  and  water  at  the  angles  stated  will  be  polarized. 

The  phenomena  of  double  refraction  and  polarized  light  constitute  a  de- 
partment of  optics  of  great  and  inerca«ing  interest;  but  it  is  too  remote  fVom 
the  pursuits  of  a  chemical  student  to  be  treated  of  at  length  in  this  work. 
Those  interested  in  such  studies  will  find  an  excellent  guide  in  Sir  D,  Brew- 
ster's Treatise  on  Optics  in  the  Cabinet  Cyclopedia, 
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DECOMPOSITION  OF  UGHT. 

The  analysis  of  light  may  be  effected  either  by  refraction  or  absorption 
Newton,  who  discovered  the  compound  nature  of  solar  light,  eficcted  its  de- 
composition  by  refraction,  employing  a  solid  piece  of  glass  bounded  by  three 
plane  snrfiices,  well  known  under  the  name  of  the  prism.  His  mode  of  ope- 
rating coDsisted  in  admitting  a  ray  of  light  lo,  fig.  15,  into  a  dark  chamber 

Fig.  15. 


tbrouzh  a  window-shutter  dkf,  and  interposing  the  prism  acb,  so  that  the 
ray  should  pass  obliauely  through  two  surfaces,  and  be  refracted  by  both. 
On  receiving  the  renracted  ray  upon  a  piece  of  white  paper  lm,  there  ap. 
peared,  inst^  of  a  spot  of  white  lig^t,  an  oblong  coloured  sur&ce  composed 
of  seven  difierent  tints,  called  the  prismatic  or  wlar  spectrum.  On  subiect- 
ing  each  of  these  colours  to  refraction,  no  further  separation  was  accomplished; 
but  on  causing  the  rays  separated  by  one  prism  to  pass  through  a  second  of 
the  same  power  and  in  an  inverted  position  csa,  the  seven  colours  disappear- 
ed, and  a  spot  of  white  lis^t  appeared  at  h,  in  the  very  position  which  it 
would  have  occupied  had  both  prisms  been  absent.  From  such  and  similar 
experiments  Newton  inferred  that  white  li^ht  is  a  mixture  of  seven  eciorifie 
rays, — ^red,  orange,  yellow,  green,  blue,  indigo,  and  violet ;  and  that  the  sepa- 
ration of  these  primary  or  simple  rays  depended  on  an  original  difference  of 
refrangibility,  violet  being  the  most  refrangible  and  red  the  least  so. 

Though  a  prism  is  the  most  convenient  instrument  for  decomposing  li^ht, 
the  separation  of  the  coloured  rays  is  more  or  less  effected  by  refracting 
media  in  generaL  Lenses,  accordingly,  disperse  the  colorific  rays  at  the 
same  time  that  they  refract  them ;  and  this  effect  constitutes  one  of  the 
greatest  difficulties  in  the  construction  of  telescopes,  in  so  much  as  the  sepa- 
ration or  dispersicn,  as  it  is  termed,  of  these  rays  diminishes  the  distinctness 
of  the  image.  The  combinations  by  which  the  defect  is  remedied  are  called 
aehromatie. 

Newton*s  analysis  of  light  led  him  to  explain  the  origin  of  the  colours  of 
natural  objects.  Of  opaque  bodies,  those  are  black  which  absorb  all  the 
light  that  mla  upon  them,  and  those  white  which  reflect  it  unchanged  ;  the 
various  combinations  of  tints  are  the  consequence  of  certain  rays  being  ab- 
sorbed, while  those  alone  whose  intermixture  produces  the  observed  colour 
are  reflected.  The  same  applies  to  transparent  media,  which  are  colourless 
like  pure  water  when  the  light  passes  through  unchanpred,  but  are  coloured 
when  some  rays  are  transmitted  and  others  absorbed.  This  absorption  of  cer- 
tain rays  by  coloured  media,  such  as  glass  of  different  tints,  affords  another 
mode  of  decomposing  light ;  and  Sir  D.  Brewster  has  ingeniously  applied  it  to 
analyze  the  seven  colours  which  compose  the  prismatic  spectrum.  He  has 
proved  by  such  experiments,  what  has  been  maintained  before,  that  the  seven 
colours  of  the  spectrum  are  occasioned  not  by  seven  but  by  three  simple  or 
primary  rays;  namely,  the  red  yellow,  and  blue.    These  rays  are  concen- 
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trated  in  those  ports  of  the  speetnim  where  each  primary  coloar  respectively 
appears;  but  each  spreads  more  or  less  over  the  whole  spectrum,  the  mix- 
lure  of  red  and  yellow  f^iving  orange,  of  yellow  and  blue,  green,  and  red 
with  blue  and  a  Utile  yellow  caosing  the  violet 

The  prismatic  colours,  according  to  the  experiments  of  Sir  W.  Herscfael, 
differ  in  their  illuminating  power :  the  orange  iilaminates  in  a  higher  de- 
gree than  the  red,  the  yellow  tlian  the  orange.  The  maximum  of  illumina- 
tion lies  in  the  brightest  yellow  or  palest  green.  The  green  itself  is  almost 
equally  bright  with  the  yellow ;  but  beyond  the  full  deep  green  the  illumi- 
nating power  sensibly  decreases.  The  blue  is  nearly  equal  to  the  red,  the 
Indigo  is  inferior  to  the  blue,  and  the  violet  is  the  lowest  on  the  scale.  (PhiL 
Trans.  1800.) 

Solar  light,  both  direct  and  diffused,  possesses  the  property  of  exciting 
beat  as  well  as  light  This  effect  takes  place  only  when  the  ray  is  absorb- 
ed, tlie  temperature  of  transparent  substances  tlirough  which  it  passes,  or  of 
opaque  ones  that  reflect  it,  remaining  unchanged.  Hence  the  burning-glaas 
and  concave  reflector  are  themselves  nearly  or  quite  .cool,  though  at  the 
same  time  intense  heat  is  developed  at  the  focus.  The  intense  coldness  of 
the  higher  strata  of  the  air  arises  from  the  same  cause :  the  sun*s  rays  pass 
on  unabsorbed  through  the  atmosphere ;  and  its  lower  strata  would  also  be 
▼ery  cold,  did  they  not  receive  heat  by  contact  from  the  earth. 

Tlie  absorption  of  light  is  much  influenced  by  the  nature  of  the  sur&ce 
on  which  it  fkllB ;  and  it  is  remarkable  that  those  substances  which  absorb 
radiant  heat  most  powerfully,  are  also  the  best  absorbers  of  light  Difference 
of  colour  has  still  greater  influence  over  the  absorption  of  light  than  of  sim- 
ple heat  That  dark-coloured  substances  acquire  in  sunshine  a  higher  tern- 
perature  than  light  ones,  may  be  inferred  from  the  general  preference  given 
to  the  latter  as  articles  of  dress  during  tiie  summer;  and  this  practicet 
founded  on  the  experience  of  mankind,  has  been  justified  by  direct  experi- 
ment  Dr.  Hooke,  and  subsequently  Dr.  Franklin,  proved  the  fact  by 
placing  pieces  of  cloth  of  the  same  texture  and  size,  but  of  different  colours, 
upon  snow,  and  allowing  the  sun*s  rays  to  fall  upon  them.  The  dark- 
coloured  specimens  always  absorbed  more  heat  than  the  light  ones,  the 
Koow  beneath  the  former  having  melted  to  a  greater  extent  than  under  the 
others;  and  it  was  remarked  that  the  effect  was  nearly  in  the  ratio  of  the 
depth  of  shade.  Sir  H.  Davy  also  examined  the  subject,  and  arrived  at  the 
same  conclusions. 

Calorific  Rays  of  the  Spectrvm. — ^The  rays  of  the  prismatic  spectrum  dif- 
fer from  each  other  in  their  heating  power  as  well  as  in  colour,  a  fact  first 
observed  by  Sir  W.  Herschel,  whose  attention  was  attracted  to  it  by  the  cir- 
cumstance, that,  in  viewing  the  sun  with  large  telescopes  through  differently 
coloured  glasses,  he  sometimes  felt  a  strong  sensation  of  heat  with  little 
light,  and  at  other  times  he  had  a  strong  light  with  little  heat.  This  obser- 
vation led  to  his  celebrated  researches  on  the  heating  power  of  the  prismatic 
colours.  (Phil.  Trans.  1800.)  The  experiments  were  made  by  transmitting 
a  solar  beam  through  a  prism,  receiving  the  spectrum  on  a  table,  and 
placing  the  bulb  of  a  very  delicate  thermometer  successively  in  the  different 
parts  of  it  While  engaged  in  this  inqairj,  he  observed  not  only  that  the 
red  was  tlie  hottest  ray,  but  that  there  was  a  point  a  little  beyond  the  red, 
altogether  out  of  the  spectrum,  where  the  thermometer  stood  higher  than  in 
the  red  itself.  By  repeating  and  varying  the  experiment,  he  found  that  the 
most  intense  heating  power  was  always  beyond  the  red  ray,  where  there 
was  po  light  at  all;  and  that  the  heat  progressively  diminished  in  passing 
from  the  red  to  the  violet,  where  it  was  least  He  hence  inferred  that  there 
exists  in  the  solar  beam  a  distinct  kind  of  ray,  which  causes  heat  but  not 
light ;  and  that  these  rays,  from  being  less  refrangible  than  the  luminous 
ones,  deviate  in  a  smaller  degree  from  their  original  direction  in  passing 
through  the  prism. 

All  succeeding  experimenters  confirm  the  statement  of  Sir  W.  Herschel, 
that  the  prismatic  colours  differ  in  heating  pqwer;  but  U)cy  do  not  agree  as 
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to  the  spot  where  the  heat  is  greatest  Sir  M.  Englefield,  Davy,  and  others 
affirmed  with  Uerschel  that  it  is  beyond  the  red  rav  ;  while  others,  and  in 
partieolar  Leslie,  contended  that  it  is  in  the  red  itself.  The  observations  of 
the  late  Dr.  Seebeck  (Edin.  Jour,  of  Science,  i.  358),  have  explained  those 
contradictory  statements,  by  showing  that  the  point  of  greatest  beat  varies 
with  the  kind  of  prbm  which  ia  employed  for  forming  the  spectrum.  When 
he  used  a  prism  of  fine  flint-glass,  the  greatest  heat  was  anifbrmly  beyond 
the  red ;  with  a  prism  of  crown-glass,  the  rod  itself  was  the  hottest  part ; 
and  with  a  prism  externally  of  glass,  bat  containing  water  within,  the  niaxi- 
mum  heat  was  neither  in  the  red  itself,  nor  beyond  it,  but  in  the  yelkyw. 
These  experiments  have  been  confirmed  by  Mellon i,  who  has  succeeded  with 
«.  prism  of  rock-salt  in  separating  the  spot  of  maximum  heat  from  tlie  colour- 
ed  part  of  the  spectrum  by  a  much  greater  interval  than  had  been  done  pre- 
▼ioosly :  his  curious  and  surprising  results  appear  to  me  to  dissipate  all  re- 
maining doubt  as  to  the  existence  in  solar  light  of  calorific  rays  distinct 
from  those  rays  which  produce  colour.  He  also  traces  the  cause  of  the  vt- 
tying  position  of  the  maximum  heat  to  the  unequal  absorptive  power  of  di£. 
lerent  transparent  media.  Roek-salt  is  freely  transmissible  to  the  least  re- 
frangihle  calorific  rays  in  solar  light,  but  absorbs  a  greater  proportion  of 
those  which  are  more  refrangible;  whereas  the  latter  pass  more  easilr 
through  flint-glass,  yet  more  readily  through  crown-glass,  and  with  still 
greater  freedom  through  water.  Hence  in  successively  employing  a  prism 
of  these  fimr  substances  in  the  order  stated,  the  spot  of  greatest  heat  is  found 
,  to  be  iar  beyond  the  red,  then  approaches  the  red,  next  in  the  red  itself|  and 
lastly  is  in  the  yellow  part  of  the  spectrum. — The  precedine  fiicts  go  &r  to 
prove  that  most,  if  not  all,  of  the  heating  power  ascribed  to  Tight  is  due,  not 
to  tbe  absorption  of  luminous  rays,  but  to  that  of  the  heat  by  which  they  are 
accompanied. 

Ckamiad  Bays^ — It  has  long  been  known  that  solar  light  is  capable  of 
producing  powerful  chemical  changes.  One  of  the  most  striking  instances 
of  it,  is  its  power  of  darkening  the  white  chk>ride  of  silver,  an  effect  which 
takes  place  slowly  in  the  diffused  light  of  day,  but  in  the  course  of  two  or 
three  minutes  by  exposure  to  sunshine.  This  effect  was  once  attributed  to 
the  influence  of  the  luminous  rays;  but  it  appears  from  tbe  observations  of 
Ritter  and  WoUaston,  that  it  is  owing  to  the  presence  of  certain  rays  that 
excite  neither  heat  nor  li|-ht,  and  which,  from  their  peculiar  agency,  are 
termed  ekemical  rays.  It  is  found  that  the  greatest  chemical  action  is  ex- 
erted just  beyond  or  at  tlie  verge  of  the  violet  part  of  the  prismatic  spec 
trum ;  that  the  spot  next  in  energy  is  the  violet  itself;  and  that  the  property 
gradually  diminishes  in  advancing  to  the  green,  beyond  which  it  seems 
whoDy  wanting.  It  hence  follows  that  the  chemical  rays  are  still  more  re- 
firangible  than  the  luminous  ones,  in  consequence  of  which  tliey  are  dis- 
persed in  part  over  the  hlue,  indigo,  and  violet,  but  in  the  greatest  quantity 
at  the  extreme  border  of  the  latter. 

MagneUxing  Rayf, — ^The  more  refrangible  rays  of  light  have  been  thought 
to  possess  the  propeily  of  rendering  steel  and  iron  magnetic.  The  existence 
of  this  property  was  first  asserted  by  Dr.  Morichini  of  Rome.  Other  ob- 
servers subsequently  failed  in  obtaining  the  same  results ;  but  in  the  year 
1826  the  fact  appeared  to  be  decisively  established  by  the  learned  and  ac- 
complished Mrs.  Somerville,  in  an  essay  published  in  tbe  Transactions  of 
the  Royal  Society.  Since  that  period  the  subject  has  been  re-examined  by 
MM.  Kiess  and  Moser.  They  object  to  Mrs.  SomerviHe's  results,  that  her 
method  of  ascertaining  tbe  magnetic  state  of  tbe  needles  used  in  the  experi- 
ments was  not  sufficiently  precise :  they  found  that  the  duration  of  the  oscil- 
lations of  needles  is  exactly  the  same  whether  they  are  made  to  oscillate  in  ' 
the  shade  or  under  exposure  to  the  concentratpd  violet  ray  of  the  spectrum,  a 
result  which  could  not  occur  had  even  a  feeble  degree  of  magnetism  been 
exehed;  and  they  accordingly,  deny  the  supposed  magnetiring  power  of 
Jigfat.    (Edin.  Joum.  of  Science,  ii.  925.) 
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TERRESTRIAL  LIGHT. 

Under  thia  head  are  included  all  kinds  of  artificial  li|rht.  The  common 
method  of  obtaining*  such  light  is  by  the  combustion  of  inflammable  matter, 
which  gives  out  so  much  heat  that  the  burning  substance  is  rendered  iamU 
nous  in  the  act  of  being  burned.  All  bodies  begin  to^mit  light  when  beat 
is  accumulated  within  Uiem  in  great  quantity;  and  the  appearance  of  glow- 
ing or  shining,  which  they  then  assame,  is  called  incande»cence.  The  tern- 
perature  at  which  solids  in  general  begin  to  shine  in  the  dark  is  between 
600<'  and  700°  F;  but  they  do  not  appear  luminous  in  broad  daylight  tiU 
they  are  heated  to  about  1000^.  The  colour  of  incandescent  bodies  varies 
with  the  intensity  of  the  heat  The  first  degree  of  lumioousness  is  an  ob. 
Bcure  red.  As  the  heat  augments,  the  redness  becomes  more  and  more  vivid, 
till  at  last  it  acquires  a  fiiU  red  glow.  If  the  temperature  still  increase,  the 
character  of  the  glow  changes,  and  by  degrees  it  becomes  white,  shining 
with  increasing  brilliancy  as  the  heat  augments.  Liquids  and  gakes  likewise 
become  incandescent  when  strongly  heated ;  but  a  very  hiffh  temperature  is 
required  to  render  a  gas  luminous,  more  than  is  sufficient  for  heating  a  solid 
body  even  to  whiteness.  The  difierent  kinds  of  flame,  as  of  the  fire,  candles, 
and  gas  light,  are  instances  of  incandescent  gaseous  matter. 

Artificial  lights  differ  in  colour,  and  accordingly  exhibit  difierent  appear- 
ances  when  transmitted  through  a  prism.  The  white  light  of  incandescent 
charcoal,  which  is  the  principal  source  of  the  light  from  candles,  oils,  and 
the  illuminating  gases,  contains  the  three  primary  colorific  rays,  the  red, 
yellow,  and  ffreen.  The  dazzling  light  emitted  by  lime  intensely  heated, 
first  proposed  by  Lieut  Drummond  for  the  trigonometrical  survey  (PfaiL 
Trans.  183U),  and  of  late  so  successfully  applied  by  Messrs.  Cooper  and  Carey 
for  their  gas  microscope,  gives  the  prismatic  colours  almost  as  bright  as  io 
the  solar  spectrum.  The  light  emitted  by  iron  feebly  incandescent  consists 
principally  of  the  blue  and  red  rays,  as  docs  the  red  light  obtained  by  means 
of  strontia  and  lithla ;  that  from' ignited  boracic  acid  is  such  a  mixture  of  the 
blue  and  yellow  rays  as  constitutes  green ;  and  incandescent  soda  emits  a 
yellow  light,  almost  wholly  firee  from  the  rays  which  cause  the  red  and  blue 
colours. 

Artificial  light  differs  from  solar  light  in  containing  beat  in  two  states.  It 
contains  simple  radiant  heat  like  that  radiated  from  a  body  not  luminous, 
and  which  may  be  separated  by  transmission  through  a  plate  of  moderately 
thick  glass ;  but  the  light  so  purified  still  heats  any  body  which  absorbs  it, 
and  is  thus  believed  to  possess  calorific  rays  associated  with  its  luminous 
rays  like  those  in  solar  light,  and  like  them  to  be  susceptible  of  refraction  by 
transparent  media.  Thus,  Mr.  Daniell  found  that  the  rays  from  incandes- 
cent lime  were  concentrated  by  convex  lenses,  and  set  fire  to  phosphorus 
placed  in  the  focus.  (Phil.  Mag.  N.  S.  ii.  59.)  The  heat  excited  under  such 
circumstances  may  of  course  bo  ascribed  to  the  absorption  of  luminous  rays; 
but  the  experiments  of  Herschel  with  s<jlar  light  suggest  the  idea  that  calori- 
fic rays  capable  of  transmission  through  glass  may  also  exist  in  artificial 
Ittht,  and  this  opinion  has  been  verified  by  the  late  researches  of  Melloni. 
Nothing  could  show  the  fact  in  a  more  distinct  point  of  view  than  the  disco- 
very, by  this  ingenious  experimenter,  that  transparent  media  are  UMqually 
permeable  by  colorific  and  calorific  rays :  substances  almost  opaque  in  re- 
gard to  light,  were  found  to  give  free  passage  to  calorific  rays ;  while  others 
of  the  most  perfect  transparency  are  little  permeable  to  heat  Melloni  has 
consequently  introduced  a  diftinct  name,  diathermanous  (from  //a  and  d-»f- 
fA,aLit»)  to  denote  free  permeability  to  heat,  just  as  diaphanous  is  formed  from 
StQ  and  ^tf/»d*.  Rock'Salt  is  remarkably  diathermanous  or  transcalent^ 
greatly  more  so  than  glass  of  far  greater  transparency.  Chloride  of  sulphur 
of  a  reddish-brown  tint  is  more  diathermanous  than  nut  and  olive  oil  of  a  light 
yellow  colour,  and  these  than  the  purest  ether,  alcohol,  and  water,  the  trans- 
parency  of  these  substances  being  in  the  opposite  order.  A  great  many  facts 
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of  a  like  kind  are  ennmerated  in  Melloni's  essay,  which  is  highly  deserviny 
ofattention.  The  soorce  of  heat  was  an  argand  oil-lamp,  and  the  tempera- 
tore  measured  by  the  thermo-multipUer  (page  11).  (Aa.  de  Ch.  et  de  Ph. 
liiLS.) 

The  chemical  agency  of  artificial  light  is  analogous  to  that  from  the  sm. 
In  general  the  former  is  too  feeble  for  producing  any  Tiaible  e£fect ;  hot  light 
efecHisiderable  intensity,  soch  as  that  from  ignited  lime,  darkens  chloride  of 
silver,  and  seems  capable  of  exerting  the  same  chemical  agencies  as  solar 
l^bt,  though  in  a  degree  proportionate  to  its  inferior  brilliancy.  (An.  of 
PhiL  xxviL  451.) 

Light  is  emitted  by  some  substances  either  at  common  temperatures  or  at 
a  6emc  of  heat  disproportioned  to  the  effect,  giving  rise  to  an  appearance 
wfai&  is  called  j^osphoreteenee.  This  u  exemplified  by  a  composition  termed 
CamtmCa  pkotphonUy  made  by  mixing  three  parts  of  calcined  oyster-sheUs 
with  one  of  the  flowers  of  sulphur,  and  exposing  the  mixture  fi>r  an  hoar  to 
a  strong  heat  in  a  covered  crucible.    The  same  property  is  possessed  by 
chloride  of  calcium  (Hombcrg*8  phosphorus),  anhydrous  nitrate  of  lime 
(Baldwin^s  phosphorus),  some  carbonates  and  sulphates  of  baryta,  strontia,  and 
lime,  the  diamond,  some  varieties  of  fluor-spar  called  cAIoropAane,  apatite, 
boracic  acid,  borax,  sulphate  of  potasaa,  sea-salt,  and  by  many  other  sub- 
stances.   Scarcely  any  of  these  phospbori  act  unless  they  have  beoi  pre- 
Tumsly  exposed  to  light :  for  some,  diffused  day-light  or  even  lamp-hght 
wiD  suffice ;  while  ot£ers  require  the  direct  solar  hght,  or  the  light  of  an 
electric  discharge.    Exposure  for  a  few  seconds  io  sunshine  enables  Canton*s 
phosphorus  to  emit  light  visible  in  a  dark  room  for  several  hours  afterwards. 
Warmth  increases  the  intensity  of  liffht,  or  will  renew  it  after  it  has  ceased ; — 
bttf  it  diminishes  the  duration.    When  the  phoepborescenoe  has  ceased  it 
niay  be  restored,  and  in  general  for  any  number  of  times,  by  renewed  expo- 
sure to  sunshine ;  and  the  same  effect  may  be  produced  by  paesing  electric 
(fischarges  through  the  phosphorus.    Some  phospbori,  as  apatite  aiA  chloro- 
phane,  do  not  shine  until  they  are  gently  healed ;  and  yet  if  exposed  to  a  red 
heat,  they  lose  the  property  so  entirely  that  exposure  to  solar  li(^t  does  not 
restore  it    Mr.  Pearsall  has  remark^  that  in  these  minerals  the  phospho- 
rescence, destroyed  by  heat,  is  restored  by  electric  discharges ;  that  speci> 
mens  oi  fluor-spar,  not  naturally  phosphorescent,  may  be  rendered  so  by 
^kciri(Aiy ;  and  that  this  agent  exalts  the  energy  of  natural  phosphori  in  a 
^'cTj  remarkable  degree.    (R.  losL  Journal,  N.  S.  i.) — ^The  theory  of  these 
phenomena,  Uke  that  of  light  itself,  is  very  obscure.    They  have  been  attri- 
buted to  direct  absorption  uf  light,  and  its  subsequent  evolution  ;  but  the  fiict, 
that  the  colour  of  the  light  emitted  is  more  dependent  on  the  nature  of  the 
phosphoresoent  body  than  on  the  colour  of  the  light  to  which  it  was  exposed, 
seems  inconsistent  with  this  explanation.    Chemical  action  is  not  connected 
with  the  phenomena;  for  the  phosphori  shine  in  vacuo,  and  in  gases  which 
do  not  act  on  tbentj  and  some  even  under  water. 

Another  kind  of  phosphorescence  is  observable  in  some  bodies  when 
strongly  heated.  A  piece  of  lime,  for  example,  heated  to  a  degree  which 
would  only  make  other  bodies  red,  emits  a  brilliant  white  light  of  such  in> 
tensity  that  the  eye  cannot  support  its  impression. 

A  third  species  of  phosphorescence  is  observed  in  the  bodies  of  seme  ani- 
mals, either  in  the  dead  or  living  state.  Some  marine  anioiols,  and  particu- 
larly fish,  possess  it  in  a  remarkable  degree.  It  may  be  witnessed  in  the 
body  of  tlie  herring,  which  begins  to  phosphoresce  a  day  or  two  afler  death, 
and  before  any  visible  sign  of  putrefaction  has  set  in.  Sea- water  is  capable 
of  dissolving  the  luminous  matter ;  and  it  is  probably  from  this  cause  that 
the  waters  of  the  ocean  sometimes  appear  luminous  at  night  when  agitated. 
This  appearance  is  also  ascribed  to  the  presence  of  certain  animalcules, 
which,  like  the  glow-worm  of  this  country,  or  the  fire-fly  of  the  West  Indies, 
are  naturally  phosphorescent 

Light  is  sometimes  evolved  during  the  process  of  crystallixation.  This  is 
exemplified  by  a  tepid  solution  of  sulphate  of  potassa  in  the  act  of  crystal- 
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Ihdnff ;  and  it  has  been  likewise  witnessed  under  similar  circomstanoes  in  a 
solution  of  fluoride  of  sodium  and  nitrate  of  strontia.  Another  instance  of 
the  kind  is  afforded  by  the  sublimation  of  benzoic  acid.  Allied  to  this  phe- 
nomenon is  the  phosphorescence  which  attends  the  sudden  contraction  of 
porous  substances.  Thus,  on  decomposing^  by  heat  the  hydrates  of  ziroonio, 
peroxide  of  iron,  and  grreen  oxide  of  chromium,  the  dissipation  of  the  water 
is  followed  by  a  sudden  increase  of  density  suited  to  the  changed  state  of  the 
oxide,  and  a  vivid  glow  appears  at  the  same  instant  The  essential  conditions 
are,  that  a  substance  should  be  naturally  denser  after  decomposition  than  it 
was  previously,  and  that  the  transition  from  one  mechanical  state  to  the  other 
should  be  abrupt 

It  is  sometimes  of  importance  to  measure  the  comparative  intensities  of 
light,  and  the  instrument  by  which  this  is  done  is  called  a  Photometer,  Tbe 
omy  photometer  which  is  employed  for  estimating  the  relative  strength  of  the 
sun*s  light  is  that  of  Leslie.  It  consists  of  bis  differential  thermometer, 
with  one  ball  made  of  black  jj^lass.  The  clear  ball  transmits  all  the  light  that 
fails  upon  it,  and,  therefore,  its  temperature  is  not  affected ;  they  are  all  ab- 
sorbed, on  the  contrary,  by  the  black  ball,  and  by  heating  and  expanding  the 
air  within,  cause  the  liquid  to  ascend  in  the  opposite  stem.  The  whole  in- 
strument is  covered  with  a  case  of  thin  glass,  the  object  of  which  is  to  pre- 
▼ent  the  balls  from  being  affected  by  currents  of  cold  air.  The  action  of 
this  photometer  depends  on  the  heat  produced  by  the  absorption  of  light 
Leslie  conceives  that  light  when  absorbed  is  converted  into  heat ;  but  accord- 
ing  to  the  experiments  already  referred  to,  the  effect  must  be  attributed,  not 
so  much  to  the  Uflrht  itself,  as  to  the  absorption  of  the  calorific  rays  by  which 
it  is  accompanied. 

Sir  J.  Leslie  recommended  his  photometer  also  for  determining  the  relative 
intensities  of  artificial  light,  such  as  that  emitted  by  candles,  oil,  or  gas. 
This  application  of  it  differs  from  the  foregoing,  because  light  prooeemng 
from  terrestrial  sources  contains  heat  under  two  forms.  One  portion  is  ana- 
logous to  that  emitted  by  a  hot  body  which  is  not  luminous ;  the  Gtlner  is 
similar  to  that  which  accompanies  solar  light  It  is  presumed  that  the  first 
form  of  heat  will  not  prove  a  source  of  error ;  that  these  rays  are  wholly  in- 
tercepted by  the  outer  case  of  glass;  or  that,  should  a  fow  penetrate  into  the 
interior,  they  will  be  absorbed  equally  by  both  balls,  and  will  therefore  heat 
them  to  the  same  extent  It  is  probable  that  this  reasoning  is  not  wide  of  the 
truth ;  and,  consequently,  the  photometer  will  give  correct  indications  so  &r 
as  regards  the  new  element — ^non-luminous  heat    But  it  is  not  applicable  to 

Sjrbts  which  difier  in  colour,  because  the  relation  between  the  heating  and 
uminatinsr  power  of  such  lights  is  exceedingly  variable.  Thus,  the  light 
emitted  by  burning  cinders  or  red-hot  iron,  even  after  passing  through  glass, 
contains  a  quantity  of  calorific  rays,  which  is  out  of  all  proportion  to  the 
luminous  ones ;  and,  consequently,  they  may  and  do  produce  a  greater  effect 
on  the  photometer  than  some  lights  whose  illuminating  powers  are  &t 
stronger. 

The  second  kind  of  photometer  is  on  a  totally  different  principle.  It  de- 
termines the  comparative  strength  of  lights  by  a  comparison  of  their  sha- 
dows. This  instrument  was  invented  by  Count  Rumford,  and  is  described 
by  him  in  his  Essays.  It  is  susceptible  of  great  accuracy  when  employed 
with  the  requisite  care;*  but,  like  the  foregoing,  its  indications  cannot  be 
trusted  when  there  is  much  difference  in  the  cAovlt  of  the  lights.  In  this 
ease,  the  best  mode  of  obtaining  an  approximative  result,  is  by  observing 
the  distance  from  each  light  at  which  any  given  object,  as  a  printed  page, 
ceases  to  be  distinctly  visible.^  The  illummating  power  of  the  lights  so  com- 
pared is  as  the  squares  of  their  distances. 

*  See  an  Essay  on  the  construction  of  Coal  Gas  Burners,  Sec  in  the  Edin- 
burgh Philosophical  Journal  for  1825. 
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SECTION  III. 


ELECTRICITY. 

Elementary  Facts, — ^When  certain  substances,  such  as  amber,  glass,  seal- 
jiigr.waz  and  snlphnr,  are  rubbed  with  dry  silk  or  cloth,  thej  are  found  to 
hare  acquired  a  property,  not  observa'ble  m  their  ordinary  state,  of  causing 
contiguous  light  bodies  to  move  towards  them  ^  or  if  the  substances  so  rub- 
bed be  light  and  freelj  suspended,  they  will  move  towards  contiguous  bodies. 
After  a  while  this  curious  phenomenon  ceases ;  but  it  may  be  renewed  an 
indefinite  number  of  times  by  friction.  The  principle  thus  called  into  action 
is  known  by  the  name  of  etietricity,  from  the  Greek  word  jtMst^of,  amber, 
because  the  electric  property  was  first  noticed  in  it.  The  same  term  is  ap- 
plied to  the  science  which  treats  of  the  phenomena  of  electricity. 

When  a  substance  by  friction  or  any  other  means  acquires  the  property 
just  stated,  it  is  said  to  be  electrified^  or  to  be  electricaUy  excited ;  and  its 
motion  towards  other  bodies,  or  of  other  bodies  towards  it,  is  ascribed  to  a 
fbroe  called  electric  attraction.  But  its  influence,  on  examination,  will  *be 
found  to  be  not  merely  attractive ;  on  the  contrary,  light  substances,  after 
toudiing  the  electrified  body,  will  be  disposed  to  recede  from  it  just  as  ac- 
tively as  they  approached  it  before  contact  This  is  termed  electric  repulsion. 
By  aid  of  the  electrical  machine  these  phenomena  of  electric  attraction  and 
repulsion  may  be  displayed  by  a  great  variety  of  amusing  and  instructive 
experiments,  showing  how  readily  an  invisible  power  is  called  into  operation, 
and  how  wonderfully  inert  matter  is  subject  to  its  control.  But  the  student 
may  witness  these  effects  quite  satisfactorily  by  very  simple  apparatus.  Let 
him  suspend  a  thread  of  white  sewing  silk  from  the  back  of  a  chair  so  that 
one  end  may  hang  freely,  taking  the  precaution  to  moisten  that  end  slightly 
by  holding  it  between  the  fingers,  while  the  rest  of  the  thread  is  carefully 
dried  by  the  fire ;  and  let  him  then  place  near  the  free  end  a  piece  of  sealinflr- 
wax  previously  rubbed  on  the  sleeve  of  his  coat  The  silk  will  move  towards 
it;  but  after  touching  the  excited  wax  two  or  three  times,  it  will  recede 
fhnnit 

When  an  electrified  body  touches  another  which  is  not  electrified,  the 
eleclric  property  is  imparted  by  the  former  to  the  latter.  Thus,  on  touching 
the  free  end  of  the  suspended  silk  thread  with  the  excited  wax,  the  silk  wiu 
itself  be  excited,  as  shown  by  its  moving  towards  a  book,  a  knife,  or  other 
unexcited  object  placed  near  it  But  thoogh  electricity  is  always  imparted 
by  an  excited  to  an  unexcited  body  by  contact,  the  latter  does  not  always 
exhibit  electric  excitement  If,  for  example,  the  suspended  silk  be  wetted 
along  its  whole  length,  it  will  be  strongrly  attracted  by  the  excited*  wax,  but 
after  contact  it  will  not  evince  the  least  sign  of  being  itself  electrified.  Never- 
theless, electricity  is  commmunicated  to  the  silk  in  both  cases,  only  it  is 
retained  by  silk  when  dry,  and  is  lost  as  soon  as  received  by  wet  silk.  Such 
observations  led  to  the  discovery  that  electricity  passes  with  great  case  over 
the  surface  of  some  substances,  and  with  difBculty  over  that  of  others,  and 
hence  to  the  division  of  bodies  into  amductore  and  non-eonductora  of  elec- 
tricity. If  electricity  be  imparted  to  one  end  of  a  conductor,  such  as  a  cop- 
per wire,  the  other  extremity  of  which  touches  the  ground,  or  is  held  by  a 
person  standing  on  the  ground,  the  electricity  will  pass  along  ite  whole  length 
and  escape  in  an  instant,  though  the  wire  were  several  miles  long;  "^^^^^^ 
excited  glass  and  resin,  which  are  non-conductors,  may  be  freely  handled 
without  losing  any  electrici^  except  at  the  parts  actually  touched.  To  this 
class  of  conductors  belong  tbcmeUls,  charcoal,  plumbago,  water,  and  aqueous 
solutions,  and  substances  generally  which  are  moist  or  contain  water  m  its 
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liquid  ttate,  mich  n»  animali  and  pUnU,  and  the  rariaoe  of  the  earth.  Thaw, 
however,  differ  in  their  conducting  power :  of  the  metals,  Mr.  Harris  foand 
■ilTer  and  copper  -to  be  the  best  condoctors,  and  after  these  follow  jrold,  zinc, 
platinnm,  iron,  tin,  lead,  antimony,  and  bismuth.  (Phil.  Trans.  1^7,  Part  i. 
31.)  Mr.  Forbes  has  lately  called  attention  to  the  fact  that  the  foregoing* 
order  is  very  nearly  the  same  as  that  expressive  of  their  conducting  power 
ibr  heat  Aqueous  solutions  of  acids  and  salts  conduct  much  better  than 
pure  water.  To  the  list  of  non-conductors  belong  glass,  resins,  sulphur,  dia* 
mond,  dried  wood,  precious  stones,  earth  and  most  rocks  when  quite  dry, 
silk,  hair,  and  wool.  Air  and  gases  in  general  are  nbn-eonductors  if  dry,  but 
act  as  conductors  when  saturated  with  moisture. 

This  knowledge  is  of  continual  application  in  electrical  experiments. 
When  it  is  wished  to  collect  electricity  on  a  metallic  surface,  the  metal  most 
be  iniuUUed,  that  is,  cut  off  from  contact  with  the  earth,  and  with  conductors 
touching  the  ground,  by  means  of  some  non-conductor;  an  object  commonly 
effected  either  by  supporting  it  on  a  handle  of  glass,  or  by  placing  it  on  a 
stool  made  with  glass  feet  Another  mode  of  insulating  is  to  suspend  a  sab- 
stance  by  silk  threads.  But  such  insulators  must  be  dry ;  since  they  begin 
to  conduct  as  soon  as  they  grow  damp,  and  conduct  well,  as  in  the  experiment 
above  described,  when  wet  Again,  electrical  experiments  are  very  apt  to 
fiui.in  damp  weather,  because  the  moisture  both  carries  off  electricity  directly, 
and  by  beinf  deposited  on  the  glass  supports,  destroys  the  insulation. 

To  diminish  this  inconvenience  it  is  usual  to  keep  the  insulators  warm, 
and  to  coat  them  with  a  varnish  made  by  dissolving  the  resin  called  shell-lac 
in  alcohol,  this  resinous  matter  being  much  less  prone  to  attract  moisture 
from  the  air  than  glass.  The  same  principles  account  for'an  error  once  preva. 
lent  that  a  metal  cannot  be  excited  by  friction :  if  held  in  the  hand,  indeed,  it 
exhibits  no  sign  of  excitement  when  rubbed,  because  the  electricity  is  carried 
off  as  soon  as  excited ;  but  if,  while  carefully  insulated,  it  is  rubbed  with  a 
dry  cat*8  fur,  excitement  readily  ensues. 

On  comparing  the  electric  properties  manifested  by  glass  and  sealing. wax 
when  both  are  rubbed  by  a  woollen  or  silk  cloth,  they  will  be  found  essen- 
tially  different ;  and  hence  it  is  inferred  that  there  are  two  kinds  or  states  of 
electricity,  one  termed  vt^reoua,  because  developed  on  glass,  and  the  other 
reBtnous  electricity,  from  being  first  noticed  on  resinous  substances.  These 
two  kinds  of  electricity,  one  or  other  of  which  is  possessed  by  every  elec« 
trifled  substance,  are  also  termed  poeiiive  and  negativet  the  terms  wtreouB 
and  positive  bein^  used  synonymously,  as  are  resinous  and  negative,  Tlie 
mode  of  distinguishing  between  positive  and  negative  electricity  is  founded 
on  the  circumstance,  that  if  two  electrified  substances  are  bow  positive  or 
both  negative,  they  arc  invariably  disposed  to  recede  from  each  other,  thai  i^ 
to  exhibit  electric  repulsion;  but  if  one  be  positive,  and  the  other  neffative, 
their  mutual  action  is  as  constantly  attractive.  The  end  of  a  silk  thread, 
after  contact  with  an  electrified  stick  of  sealing-wax,  is  repelled  by  the  wax, 
because  both  are  in  the  same  electric  state;  but  if  a  dry  warm  wine-glass 
be  rubbed  with  cloth  or  silk,  and  then  presented  to  the  thread,  attraction  will 
ensue.  A  silk  tliread,  in  a  known  electric  state,  thus  indicates  the  kind  of 
electricity  possessed  by  other  substances :  a  convenient  mode  of  doing  this, 
is  to  draw  a  thread  of  white  silk  rapidly  through  a  fold  of  coarse  brown  piu 
per  previously  warmed«  Vjr  which  means  its  whole  length  will  be  rendered 
positive. 

When  two  substances  are  rubbed  together  so  as  to  electrify  one  of  them, 
the  other,  if  in  a  state  to  retain  electricity,  will  be  excited  also,  one  being 
always  negative  and  the  other  positive.  It  is  easy  to  be  satisfied  of  this  by 
very  simple  experiments.  Rob  a  stick  of  scaling- wax  on  warm  coarse  brown 
paper,  and  tlie  paper  will  be  found  to  repel  a  positively  excited  thread  of  silk, 
while  the  wax  will  attract  it;  if  a  warm  wine-glass  be  rubbed  on  the  brown 
paper,  the  glass  will  be  positive,  as  shown  by  its  repelling  the  positive  thread, 
while  the  same  thread  will  be  attracted  by  the  negative  paper ;  friction  of 
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mtXof'Wx  on  anlk  riband  noden  Uie  wax  iMgatiTeand  Uie  riband  poatirai 
but  with  glaas  the  riband  is  negative.  If  two  ulk  ribtnds,  one  while  and 
the  other  Uack,  be  made  <piite  warm,  phioed  in  oootect,  and  then  drawn 
qoicklj  through  the  doaed  fingers,  they  will  be  ibnnd  on  aeparation  to  ba 
highly  attractive  to  each  other,  the  white  being  positive  and  the  Uaek  ne- 
gative. The  back  of  a  eat  is -positive  to  all  sabstancea  with  which  it  haa 
been  tried,  and  amooth  gkaa  ia  poaitiva  to  all  except  the  back  of  a  cat  Seai- 
inr-wax  ia  ne^iBtive  to  all  the  sabataneea  jnst  enumerated,  hot  beoomea  p^ 
aitive  by  firictioo  with  moat  of  the  metala.  The  reader  will  perceive  firom 
these  facta  that  the  same  substance  may  acquire  both  kinda  of  electiictty, 
becoming  poeitive  by  friction  with  one  body,  and  negative  with  another. 

THEORIES  OF  ELECTRICITy. 

The  nature  of  electricity,  like  that  of  heat  and  li^ht,  ia  at  present  involved 
in  obscurity.  AO  these  principles,  if  really  material,  are  so  light,  subtile, 
and  diffusive,  that  it  has  hitherto  been  found  impoaaible  to  recognize  in  them 
the  ordinary  characteristics  of  matter ;  and,  therefore,  electric  phenomena 
night  be  referred,  not  to  the  agency  of  a  specific  substance,  but  to  some 
property  or  state  of  common  matter,  just  as  sound  is  produced  by  a  vibrating 
medium.  But  the  efiects  of  electricity  arc  so  similar  to  those  of  a  me- 
chanical agent ;  it  appears  so  distinctly  to  emanate  from  substancea  which 
ODntain  it  m  excess,  and  rends  asunder  all  obstacles  in  its  course  so  exactly 
like  a  body  in  rapid  motion,  that  the  impression  of  its  existence  as  a  distinct 
material  substance  sat  generis  forces  itself  irresistibly  on  the  mind.  All 
nationa,  accordingly,  have  spontaneously  concurred  in  regarding  electricity 
as  a  material  principle ;  and  scientific  men  give  a  preference  to  the  same 
view,  because  it  offers  an  easy  explanation  of  phenomena,  and  suggests  a 
.  natural  language  easily  intelligible  to  all. 

Theory  of  Two  Electric  l^uuis.— This  theory,  the  fundamental  facta  of 
which  were  aupplled  partly  by  Dnfay,  and  partly  by  Symmer,  is  founded  on 
the  assumed  existence  of  two  electric  fluids,  which  Dufay  distinguished  by 
the  terms  oi^reona  and  reaittoua  electricity.  In  order  to  account  for  electric 
phenomena  by  this  aopposition,  the  two  fluids  are  assumed  to  poasess  the 
following  properties : — ^They  are  both  equally  subtile  and  elastic,  universally 
diffused,  and,  therefore,  present  in  all  bodies,  possessed  of  the  most  perfect 
fluidity,  each  highly  repulsive  to  its  own  particles,  and  as  highly  attractive 
to  those  of  the  opposite  kind ;  these  attractive  and  repulsive  forces  being  ex- 
actly  equal  at  the  same  distance,  and  both  varying  inversely  as  the  square  of 
the  distance  varies.  Electric  quiescence  is  ascribed  to  these  fluids  being 
combined  and  neutralized  with  each  other ;  and  electric  excitation  is  the  con- 
sequence  of  either  fluid  being  in  excess.  Their  combination  is  destroyed  by 
several  causes,  of  which  friction  is  one.  The  application  of  these  principles 
is  as  follows.  Two  unexcited  contiguous  bodies,  a  and  a,  are  electrically  in- 
diflerent  to  each  other;  for, though  each  electricity  in  a  repels  the  electricity 
of  the  same  name  in  a,  attraction  to  precisely  the  same  extent  is  exerted 
between  the  opposite  electricities,  and  no  chan^  results.  If  a  and  i  are 
rubbed  together,  a  portion  of  the  combined  electricities  in  both  is  decomposed, 
and  the  aeparated  resinous  fluid  is  transferred  to  one  of  them,  suppose  to  a, 
and  the  ritreous  to  a,  each  being  electrified  to  the  same  degree,  though  op- 
positely. The  free  particlee  of  resinous  electricity  in  a  tend  by  their  repul- 
sion to  recede  firom  each  other,  and  would  quit  a  altogether,  unless  their  pas- 
sage were  impeded  by  a  non-conductor:  the  atmoraheret  if  dry,  cute  offthe 
retreat,  and  by  its  pressure  confines  the  resinous  fluid  to  the  surface  of  a. 
The  same  happena  to  the  ritreona  fluid  on  the  surfeoe  of  b.  But  the  oppoaite 
electricltMS  fixed  on  a  and  a  exert  a  strong  motoal  attraction,  and  may  ane- 
ceed  either  in  flncing  their  way  acroaa  the  intervening  steatun  ®»  *|^.<».« 
actually  drawing  a  and  a  into  contact  In  either  case  the  ftee  electricitiea 
reunite,  and  the  eleetrioe«|niUbriam  is  restored.    On  the  contrary,  if  a  and 
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B  ure  Bunihrlv  electrified,  that  ia,  poeeeeB  the  same  kind  of  free  dectriehr, 
the  effort  of  the  electric  fluid  to  escape  in  opposite  directions  causes  the  aub- 
stances  themselves  to  fly  asunder,  if  the  repulsive  force  exceed  their  weig-bt, 
and  thus  produces  etectric  repulsion. 

This  theory,  as  commonly  stated,  takes  little  or  no  cognizance  of  any  at- 
traction between  the  electric  fluids  and  other  material  substances.  But  il 
would  be  against  all  analogy  to  suppose  no  such  inflaenoe  to  exist;  and  in- 
deed the  sappoeition  of  an  attractive  fi>rce  acting  at  insensible  distanoes 
seems  necessary  to  account  for  the  impediment  caused  by  non-conductors  to 
the  free  movement  of  the  electric  fluids. 

Theory  of  a  Single  Fhiid, — ^The  celebrated  American  philosopher,  Frank- 
lin, proposed  a  di^rent  theory,  founded  on  the  supposition  of  a  single  elec- 
tric fluid,  the  particles  of  which  are  conceived  to  repel  each  other  with  a  Ibroe 
diminishing  as  the  squares  of  the  distance,  and  to  be  attracted  by  matter  in 
general  according  to  the  same  law.  Material  substance  in  its  unelectric 
state  is  regarded  as  a  compound  of  electricity  and  matter,  saturated  and  neo- 
tralized  with  each  other.  It  is  also  an  assumption,  shown  to  be  necessary 
by  ^pinus  and  Cavendish,  that  ponderable  bodies  repel  each  other  with  the 
same  force  and  according  to  the  same  law  as  the  particles  of  electricity. 
From  the  nature  of  these  postulates  it  will  be  easy  to  anticipate  their  appn- 
cation.  Unelectric  bodies  are  such  as  have  their  natural  quantity  of  elec- 
tricity, which  precisely  suffices  to  saturate  and  neutralize  the  matter  of  which 
they  consLBt  They  are  then  electrically  indifierent;  because  the  repulsion 
exerted  between  the  electricity  and  matter  of  contiguous  bodies  is  exactly 
counteracted  by  the  attraction  of  the  electric  fluid  in  each  for  the  matter  a€ 
the  other.  Electrical  excitement  is  occasioned  either  by  increase  or  diminu- 
tion of  the  natural  quantity  of  electricity.  On  rubbing  a  tube  of  glass  with 
a  woollen  cloth,  the  electric  condition  of  both  is  disturbed :  the  glass  ac- 
quires more  electricity  than  it  naturally  possesses,  or  is  overcharged  with 
electric  fluid ;  and  the  cloth,  losing  what  tlie  glass  gained,  contains  less  than 
its  natural  supply,  or  is  under-charged.  These  opposite  states  are  denoted 
hr  the  algebraic  terms  positive  and  negative,  the  former  corresponding  to  the 
vitreous,  the  latter  to  the  resinous  electricity  of  Du&y.  Bodies,  positively 
excited,  repel  each  other  by  means  of  the  repulsion  among  the  particles  of 
the  electricity  with  which  they  are  surcharged ;  and  the  equal  tendency  of 
negatively  excited  bodies  to  separate  is  ascribed  to  the  mutual  repulsion 
among  the  particles  of  matter.  The  electric  equilibrium  in  excited  sub- 
stances is  restored  by  the  electricity  escaping  from  those  where  it  is  in  ex- 
cess, and  passing  to  those  which  are  under-charged. 

To  the  theorv  of  Franklin  it  is  objected  that  it  involves  an  assumption  at 
variance  with  the  laws  of  gravitation,  namely,  that  of  matter  being  repulsive 
to  itself;  but  in  fkct  this  assumption,  if  admitted,  would  not  satisfactorily 
explain  the  unequal  distribution  of  the  electric  energy  over  the  surflice  of  the 
electrified  bodies,  as  well  negative  as  positive,  dependent  on  their  form.  To 
account  for  this  phenomenon  the  theory  requires  a  repulsive  fluid  superadded 
to  matter,  and  freely  moveable  among  its  particles,  a  sort  of  resident  electric 
fluid,  capable  of  performing  all  the  functions  ascribed  to  resinous  electricity. 
With  such  addition,  however,  the  theory  of  Franklin  would  virtually  cease 
to  be  that  of  a  single  electric  fluid,  and  would  still,  I  suspect,  be  less  generally 
applicable  than  the  theory  of  two  fluids.  I  feel  it  necessary,  accordingly,  to 
adopt  the  hitter,  substituting,  however,  agreeably  to  present  usage,  the  terms 
fOiUive  and  negative  for  rttreotcs  and  reoinouo  electricity.* 


*The  chief  objection  which  has  been  urged  against  the  Franklinian 
theoT]^  of  one  electric  fluid  is,  that  it  fails  to  explain  the  repulsion  of  two 
negatively  electrified  bodies.  It  is  alleged  that.the  condition  of  two  bodies, 
the  essence  of  which  consists  in  the  absence  of  a  subtle  principle  called  else. 
tricity,  cannot  cause  them  to  repel  each  other ;  for  this  would  be  attributing 
to  a  n^ration  the  possession  of  a  positive  property,  which  is  absurd.    It  was 
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CAUSES  OF  ELBCTRIC  EXCITEMENT. 

^  JVieiaoR. — This  caoae  of  electric  ezcitement  haviDcr  been  alrcadj  men- 
tiooed,  it  here  oulj  remaiiu  to  state  the  usual  modes  of  developing  dectridty 
bjr  fiietiocL.  A  snpplj  of  segatiTe  electricity  is  easily  obtained  b}^  rubbinf 
a  stick  of  sealiog-wax,  or  a  |^aas  tube  covered  with  snling-wax,  with  silk  or 
woollen  <dotla ;  and  poeitiTe  electricity  is  freely  developed  wheo  a  dry  glass 
lobe  is  nibbed  with  silk,  brown  paper,  or  flannel,  the  surface  of  which  is  co- 
vered with  a  little  amalgam.  But  ibr  obtaining  an  abundant  supply  of  elec- 
tricity it  is  necessary  to  employ  an  electrical  machine,  which  is  a  mechani- 
cal GoatrivaiM»  for  exposing  a  large  surface  of  glass  to  continuous  friction. 
As  now  ooDfltmcted,  it  is  formed  either  with  a  cylinder  or  plate  of  glass 
which  ii  made  to  revolve  upon  an  axis,  and  pressed  during  rotation  by  cush- 
ions or  mbbers  made  of  Ic&ther  staffed  with  flannd,  aira  covered  usually 
w^  silk.  On  the  rubber  is  spread  an  amalgam  of  tin  and  zinc,  rendered 
adhesive  by  admixture  with  a  small  quantity  of  lard  or  tallow.  To  prepare 
the  amalgam,  melt  in  a  Hessian  crucible  one  ounce  of  tin  and  three  of  zinc, 
then  add  two  ounces  of  mercury  heated  to  near  its  boiling  point,  stir  briskly 
with  a  stick  for  a  few  minutes,  and  pour  the  mirture  on  a  dean  dij  stone : 
when  cold  pulverize  and  sift,  and  preserve  the  fine  powder  in  a  weu-oorked 
diy  phiaL  Another  essential  part  of  the  machine  is  the  prime  amduetor, 
wfaiGh  is  an  insulated  conductor,  commonly  made  of  brass,  placed  in  such 
immediate  proximity  to  the  revolving  glass,  that  the  electric  steto  of  the  one 
'   Is  instantly  imparted  to  the  other. 

^  The  dectridty  devdoped  by  the  electrical  machine  is  doe  partly  to  ftie- 
tion,  which  disiinites  the  combined  electric  fluids  of  the  ^lass  and  rubber, 
but  prindpally  to  the  oxidation  of  the  amalgam.  The  poaitive  fluid  is  trans- 
ferred to  the  fflass,  from  it  to  the  contifuoos  prime  conductor,  and  thence  to 
any  system  of  conductors  connected  wiUi  the  prime  conductor;  and  nmilarly 
the  negative  fluid  collects  upon  the" rubber,  whence  it  is  distributed  to  one  or 
more  conductors  with  which  the  rubber  may  be  in  connexion.  Thus  all 
insulated  conductors  in  contoct  with  the  prime  conductor  are  podtive,  and 
those  attached  to  the  mbber  are  negative.  When  once  the  glass  and  rubber 
are  excited,  it  b  necessary  that  the  electric  equilibrium  oT  both  should  be 
restoied  before  a  second  devdopment  can  occur ;  and  accordingly  it  is  found 
that  very  little  dectridty  is  obtdned  when  the  prime  conductor  and  rubber's 
conductor  are  both  insulated.  On  taking  positive  dectridty  from  the  prima 
conductor,  the  rubber  should  communicate  with  the  ^onnd,  that  ite  negative 
dectridty  might  escape;  and  when  negative  dectridty  is  taken  from  the 
rubber's  conductor,  the  prime  conductor  is  connected  with  the  ground,  llie 
same  object  may  be  accomplished  by  connecting  the  prime  conductor  with 
the  rubber's  conductor,  though  in  experimente  it  is  commonly  inconvenient 
to  employ  this  arrangement. 

Ciange  ^  Temperature^-Tbe  operaticm  of  this  cause  of  dectrie  exdte- 
ment  was  firat  noticed  in  oertein  minerals,  such  as  tourmalin  and  boracite, 
not  possessed  of  that  symmetric  arrangement  of  parte  commonly  observed  in 
oydals,  and  which  are  electrified  by  the  application  of  heat.  But  a  tu 
more  general  principle  was  detected  by  the  late  Dr.  Seebeck,  who  fi>undthat 
the  electric  equilibrium  is  disturbed  in  certain  metallic  rods  or  wires  when 
one  extremity  has  a  different  temperature  from  that  of  the  other,  wheUier 


this  apparent  difficulty  which  induced  iEpinus  and  Cavendish  to  assert  that 
the  theory  of  Franklin  required  the  assumption  that  matter  was  repulsive  to 
itself.  Loaded  with  this  postulate,  the  theory  may,  indeed,  be  untenable ;  but 
tl]»  question  arises,  whether,  in  pdnt  offset,  the  postnlate  mentioned  is  ne- 
eessary  to  the  Franklinian  theory.  We  think  it  is  not;  but  are  inclined,  with 
Dr.  Hare,  to  refer  the  apparent  repulsion  of  negatively  dectrified  bodies  to 
an  attraction  between  such  bodi^  and  the  contiguous  air,  electrified  podtivd/ 
by  induction«*-'£d. 
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the  difference  be  effected  by  the  apptication  of  heat  or  cold.  This  obterra- 
tion  baa  been  lince  shown  by  Professor  Gumming  to  be  true  of  ail  metals. 
(An.  of  Phil.  N.  S.  v.  427.)  See  also  the  recent  experiments  by  Mr.  Pri- 
deaox.  (Phil.  Mag.  iiu)  The  experiment  is  osnally  made  by  heating  or 
coolinff  the  point  of  junction  of  two  metallic  wires,  which  are  soldered  toge- 
ther; hat  M.  Becquerel  has  proved  that  the  contact  of  diflbrent  metals  is  not 
essential.    (An.  de  Ch.  et  de  Ph.  xli.  353.) 

Chemical  Action. — Another,  and  very  fertile  scarce  of  electricity,  is  che- 
mical action.  This  was  strongly  denied  by  the  Iftte  Sir  H.  Davy  in  his  Bake- 
rian  lecture  for  1826;  but  the  experiments  of  Becquerel,  De  la  Rive,  and 
Pouillet,  afford  decisive  proof  that  chemical  anion  and  decomposition  are 
both  attended  with  electrical  excitement  (An.  de  Ch.  et  de  Ph.  T.  35,  3$, 
37,  38,  and  39.)  Pouillet,  in  particular,  has  demonstrated  that  the  gas  aris- 
ing from  the  surface  of  bumincr  charcoal  is  positive,  while  the  charcoal  itself 
is  negative ;  and  he  has  proved  that  similar  phenomena  are  produced  by  the 
combustion  of  hydrogen,  alcohol,  oil,  and  other  inflammaUes  of  the  same 
kind.  In  all  these  instances  the  combustible,  in  the  act  of  burning,  rendeiB 
contiguous  particles  negative ;  while  the  oxygen  imparts  positive  electricity 
to  the  products  of  combustion.  The  fact,  with  respect  to  charcoal,  was  ori- 
ginaJly  noticed  by  Volta,  La  Place,  and  Lavoisier,  but  was  subsequently  de- 
nied  by  Sausaure  and  Sir  H.  Davy.  Pouillet  has  reconciled  these  conflicting 
statements  by  showing  that  the  result  depends  on  the  mode  in  which  the 
experiment  is  conducted.  For  if  the  carbonic  acid  be  completely  removed 
from  the  burninff  mass  at  the  instant  of  its  'formation,  both  are  found  to  be 
electrical;  but  if  the  carbonic  acid  subsequently  flow  over  the  surface  (^the 
charcoal,  the  equilibrium  will  instantly  be  restored,  and  no  sign  whatever  of 
excitement  be  perceptible.  Decisive  evidence  of  the  same  kind  is  supplied  by 
the  amalgam  of  the  electrical  machine,  the  influence  of  which  is  proportiona] 
to  the  decree  of  chemical  action,  and  which  ceases  to  be  asefhl  as  soon  as 
the  metab  are  oxidized.  Thus,  WoUaston  found  that  amalgams  of  silver  and 
platinum,  which  are  indisposed  to  oxidize,  are  of  no  use  when  applied  to  the 
rubber ;  and  that  an  amalgam  of  zinc  and  tin,  which  is  the  most  oxidable,  is 
also  the  best  amalgam  for  exciting  the  machine.  He  observed  that  a  ma- 
chine in  good  action  ceased  to  act  when  surrounded  with  carbonic  acid,  bat 
instantly  recovered  lbs  action  on  readmitting  the  air.  (Phil.  Trans.  1801.) 
On  such  ftcts  is  founded  the  foregoing  statement,  that  the  energy  of  the 
electrical  machine  is  much  more  owing  to  chemical  action  than  to  fric 
tion. 

Contact — Another  reputed  source  of  electricity  is  contact  of  different  sub- 
stances,  especially  of  metals ;  a  source  originally  suggested  by  Volta,  who 
founded  on  it  a  theory  of  galvanism.  The  facts  on  which  Volta  rested  his 
opinion  were  of  this  nature.  Well-cleaned  plates  of  zinc  and  copper  were 
furnished  with  flass  handles,  by  which  they  could  be  both  supported  and 
insulated  :  the  zuc  plate,  held  by  its  glass  handle,  was  laid  repeatedly  on  the 
copper,  which  at  the  time  need  not  be  insulated,  and  afler  each  contact  the 
zinc  was  made  to  touch  the  instrument,  shortly  to  be  described,  called  the 
condenser,  A  positive  charge  was  gradually  accumulated ;  and  on  operating 
in  the  same  manner  with  the  insulated  plate  of  copper,  it  was  found  to  com- 
municate  a  negative  charge.  He  also  stated  that  if  one  end  of  a  zinc  plate 
communicate  with  the  condenser,  while  the  zinc  at  its  other  end  is  in  con- 
tact with  a  plate  of  copper,  a  positive  charge  is  communicated;  and  that  ne- 
gative  electricity  is  indicated  when  a  copper  plate,  in  contact  with  zinc  at 
one  end,  rests  at  its  other  upon  the  condenser.  From  such  experiments  it 
was  inferred,  that  the  contact  of  zinc  and  copper  disturbs  the  electric  equili- 
brium in  both  metals,  the  latter  aoqniring  an  excess  of  negative  and  the  for- 
mer of  positive  electricity. 

The  quantity  of  electricity  developed  by  contact  is  confessedly  so  smill, 
that  it  requires  for  its  detection  the  aid  of  very  delicate  instruments  and  of 
yery  careful  manipulation ;  and  the  opinion  is  daily  gaining  ground  that 
mere  contact  is  incapable  of  causing  electric  excitation.    The  phenomena 
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retemd  by  Volte  to  conteet,  are  uerifaed  bj  odien  lo  chemical  actioo  and 
to  fiictioo.  De  la  Rive  of  Geneva  contends  (An.  de  C3i.  at  de  Ph.  -n^r  297,) 
that  the  fteUe  charge  commonly  obserYed  from  the  contact  of  nnc  and  oop- 
ftr,  im  doe  to  alight  oxidation  earned  by  moiature  and  oxygen  of  the  air  act- 
ing on  the  plate  of  zinc.  When  he  prevented  auch  oxidation  by  operating 
in  an  atmoaphere  of  hydrogen  or  nitrogen,  no  electric  excitement  m- 
lowed;  and  when  he  purpoeeiy  inereaaed  dwmical  action,  aa  by  expoainf 
the  zinc  to  acid  fumea,  or  by  substituting  for  zinc  a  more  oxidabie  metal, 
BQch  aa  potaaainm,  the  electrical  effecta  obaervable  on  contact  with  copper 
were  greatly  angmented.  Electric  excitation  and  chemiod  action  were  ob- 
aerved  to  be  atrictly  proportional  to  each  other.  Again,  Parrot  of  8t  Petera. 
borgh  (An.  de  Ch.  et  de  Ph.  xlri.  361,)  not  onlv  confirma  the  atalements  of 
De  la  Rive,  but  shows  that  in  those  instancea  where  electric  excitement  haa 
heen  witneaaed  under  circurastanoes  which  appear  to  exclude  chemical  action, 
Che  phenomenon  may  be  ascribed  to  friction  of  the  metala.  He  givea  aa  the 
nanlt  of  namerooa  experimenta  made  with  striet  care,  that  the  contact  of 
zinc  and  copper,  if  unattended  by  friction  or  ehemical  action,  cansaa  not  the 
leaat  devdi^ieflient  of  electricity.  The  opposite  evidence  adduced  by  Vdta 
and  oChera  moat,  therefore,  I  apprehend,  be  rejected ;  and  the  only  remain- 
ing  ftcta  in  fitvour  of  Volta*s  opinion  are  derived  from  certain  chemical 
agencicB  evinced  by  metala  daring  contact,  a  aubject  which  will  be  diacnased 
in  the  aeetien  on  gakaniam. 

Cbenm  tf  fVm.— The  ohangaa  of  form  caused  in  a  aubatance  by  varia. 
6on8  oftemperatore,  such  aa  Uquefiiction  and  adidification,  the  formation 
and  eondensalion  of  vapour,  oonatitute  another  reputed  aouroe  of  electricity. 
On  liquefying  salphur  in  a  glass  vessel,  and  removing  the  cake  after  cod- 
ing,  file  s^phnr  is  found  to  be  negative  and  the  glaas  positive;  and  on  pour- 
inr  wafer  into  a  hot  iron  veaaei  or  on  a  hot  ml  eommunicating  with  a 
delicate  electrometer,  the  rapid  evaporation  of  the  waler  ia  atteiMed  with 
dedaive  tndicationa  of  eleetncal  excitement  To  proeeaaea  of  thia  nature, 
continually  teking  place  in  the  atmosphere,  the  electricitv  of  the  donda  ia 
generally  ascribed.  But  the  opinion  is  questioned  by  Fouillet,  who  haa 
ehown  that  in  most  of  the  experimenta  adduced  in  ita  fovour,  chemical  ac 
tiona  enaae  at  the  eame  time,  and  that  the  greateat  part  of  the  effect  ia  due 
to  aoch  changea.  If,  for  example,  evaporation  be  aeoomDanied  by  chemieal 
decomposition,  as  when  saKne  solutions  are  evaporated,  the  water  being 
aeparated  from  the  aolt  with  which  it  waa  previously  united,  or  if  the  veasel 
oonaiat  of  iron  or  other  eaaily  oxidaUe  material,  which  is  more  or  less 
chendcally  attacked  by  the  evaporating  water,  then  the  development  of 
electricity  ia  very  dedsive;  but  he  contends  that  pure  water,  evaporated  in 
m  dean  pkdnum  veaaei,  gives  rise  to  no  dectrical  exdtement  whatever. 
From  such  experiments  Pouillot  concludes  that  the  electricity,  hitherto  re- 
foned  to  changes  of  form,  is  entirely  owing  to  the  chemieal  action  by  which 
ihsy  are  generally  attended ;  and  theae  phenomena,  of  which  eraporation 
from  the  ocean,  ritera,  and  the  snrfaoeof  the  earth,  aAirda  an  instance,  pure 
water  being  thereby  aeparated  from  ita  saline  impregnation,  aa  alao  the 
diemical  c£angea  attendant  on  the  growth  and  nutrition  of  planti,  he  re- 
garda  as  a  fertile  aonree  of  atmoapberic  electridty.  (An.  de  CSi.  et  de  Ph. 
xxzv.  401,  and  xxxvi.  5.  In  these  riews  there  is  much  truth.  I  have  ra- 
peatedly  noticed  free  dectric  excitement  on  pouring  a  adution  of  chloride 
of  aodium  or  sulphate  of  soda  into  a  heated  platinum  crucible,  and  alao  . 
when  pure  water  waa  dropped  on  red-hot  iron  or  a  glowing  cinder;  but  I 
have  aa  constantly  foiled  of  procuring  any  indication  when  pure  water  waa 
evaporating  on  platinum.  Mr.  Harris,  however,  informa  me  that  with  an 
apparatua  of  unusual  delicacy,  he  finda  evaporation  ef  pure  water  from  pla* 
tinum  to  be  attended  with  distinct  development  of  electricity. 

PntximUy  to  an  EUeir\fUd  Bddy.— It  is  a  direct  consequence  of  the  at- 
tractive  and  repulsive  powers  ascribed  to  the  electric  fluids,  that  an  unelec^i- 
fied  conductor  moat  be  excited  by  the  vicinity  of  an  dectrlfied  body.    Let 


78  BLaoTBicmr. 

AB,  fir.  1,  be  an  unexeited  conductor,  sat^  Fig- 1. 

ported  on  an  insulating  glass  rod  be;  and       w        j^ 
Mt  o,  containing  firee   positive   electricity,   i  j  \      r- 
and  similarlj  insulated,  be  placed  near  it  on   l-lt-l      ^ 
the  side  a.    The  free  positive  electricity  on 
c  will  both  repel  the  positive  floidof  ab,  and 
attract  its  ne^tive  flnid,  and  the  result  of  iig 

these  concurnnji^  forces  is  instantly  to  de-    <^>  CS3^ 

compose  a  portion  of  the  combined  electri. 
cities  of  as,  the  free  ne^tive  flnid  approaching  as  dose  as  possible  to  c,  and 
the  poeitive  fluid  receding  from  it  The  relative  position  of  these  fluids  is 
indicated  in  the  figure  by  the  si^s  -|-  and  — ,  the  former  denoting  positive 
and  the  latter  negative  electricity.  The  opposite  ends  of  the  conductor  ab 
are  thus  oppositely  electrified,  and  in  an  equal  degree :  the  excitement  is 
found,  as  would  be  anticipated,  to  be  greatest  at  the  extremities,  and  to 
diminish  gradually  towards  the  middle  line  a6,  which  is  neutral  ^  The 
quantity  of  electricity  thus  set  free  depends  on  the  extent  to  which  o  is  ex- 
cited, and  on  its  distance  from  ab.  If  now  c  be  suddenly  withdrawn,  the 
opposite  fluids  at  a  and  b  coalesce,  and  the  equilibrium  of  ab  is^  restored. 
But  so  long  as  o  retains  its  position,  a  will  be  negative,  even  were  it  uainau- 
lated.  The  only  effect  of  communication  with  the  ground  is  to  neutraliBe 
the  positive  fluid  at  b  by  supplying  to  it  negative  electricity  from  the  earth : 
if  aner  having  effected  this  by  touching  the  cylinder  for  an  instant  with  the 
finger,  c  be  withdrawn,  ab  is  left  with  an  excess  of  the  negative  fluid. — ^The 
electricity  thus  developed  by  the  contiguity  of  an  electrified  body  is  said  to 
be  indmttdy  or  to  be  excited  by  vaducUmi* 

It  is  essential  that  the  student  should  reflect  carefiilly  on  these  plain  con- 
sequences of  the  theory  of  electricity,  since  the  applications  of  this  know- 
ledge are  numerous.    A  fow  of  these  may  now  be  enumerated:— 

1.  An  electrified  body  attracts  light  objectB  near  it,  because  it  indooea  in 
them  a  state  opposite  to  itself.  The  attraction  is  most  lively  when  the  light 
object  is  a  conductor,  and  in  contact  with  the  ground,  aince  it  then  more 
completely  assumes  an  electric  state  opposed  to  that  of  the  inducing  body. 
A  non-conductor  is  very  inperfectly  electrified  by  induction,  because  the 
electric  fluids  cannot  quit  each  other  from  inability  to  move  through  the 
non-conductor. 

3.  If  a  stick  of  sealing-wax,  strongly  negative,  be  presented  to  a  thread 
or  pith  ball  which  is  also  negatively,  but  foebly,  excited,  repulsion  will  ensue 
at  a  considerable  distance,  followed  by  attraction  when  the  distance  is  small. 
This  attraction  is  due  to  the  strongly  excited  wax  acting  by  induction  on 
the  foebly  negative  thread,  thereby  causing  it  to  have  an  excess  of  positive 
electricity. 

3.  The  positive  electricity  collected  on  the  prime  conductor  of  an  electri- 
cal machine  is  by  some  ascribed,  not  to  a  transfor  of  that  fluid  from  the 
glass  to  the  prime  conductor,  but  to  a  part  of  the  combined  electricities  of 
the  prime  conductor  bein^  separated  by  induction,  and  the  negative  fluid 
being  imparted  to  the  positive  glass.  The  same  view  is  applicable  to  any 
system  of  conductors  in  contact  with  the  prime  conductor,  as  also  to  con- 
ductors  connected  with  the  rubber.  It  is  d^ult  to  say  which  explanation 
is  the  more  correct,  or  whether  both  may  not  be  true. 

4  On  moving  the  hand  towards  the  prime  conductor  of  an  excited  elec- 
trical machine,  the  hand  becomes  negative  by  induction,  and  the  spark  ulti- 
mately  obtained  restores  the  equilibrium.  In  like  manner  a  negatively 
electrified  cloud  renders  positive  a  contiguous  tree  or  tower,  and  then  a 
Btroke  of  lightning  follows  as  a  consequence  of  attraction  between  the  two 
accumulated  fluids. 

5.  The  action  of  the  Leyden  Jar  depends  on  the  principle  of  induced 
electricity.  A  glass  jar  or  bottle  with  a  wide  mouth  is  coated  externally 
and  internally  with  tinfoil,  except  to  within  three  or  four  inches  of  its  sum- 
Boit;  and  Its  aperture  is  dosed  by  dry  wood  or  some  imperfect  conductor, 
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ihrooA  the  centre  of  whioh  ptieet  a  metallic  rod  commoiiioiting  with  the 
tinfoilon  the  innde  of  the  jar.  On  piacin|f  the  metallie  rod  in  contact  with 
the  prime  oondactor  of  an  excited  electric^  machine,  while  the  outer  ooat- 
in|^  oommunicates  with  the  ground,  the  interior  of  the  jar  aoquirea  a  charge 
of  positive  electricity,  and  Uie  exterior  becomee  u  strongly  negative.  I^ 
tlie  jar  bein^  insukted,  the  metallic  rod  be  placed  doee  to  the  prime  con- 
ductor, avoiding  actual  contact,  while  an  uninsulated  conductor  be  held  at 
an  equal  distance  from  the  outer  coating,  electric  sparks  in  equal  number 
and  of  equal  size  will  pass  between  both  intervals,  and  both  sides  of  the  jar 
are  Ibund  to  be  in  the  same  condition  as  before ;  but  no  charge  will  be  ve- 
ceived  when  the  inner  coating  oommunicates  with  the  prime  conductor,  and 
the  outer  coating  is  strictly  insulated.  From  these  facts  it  is  inferred  that 
the  interior  of  die  jar  becomes  positive,  either  by  receiving  positive  electri. 
city  directly  from  the  prime  conductor,  or,  as  is  more  pro^ble,  by  oommup 
nicating  to  it  negative  electricity ;  and  that  the  exterior  then  becomes  negi^ 
tive  by  the  lose  oi  a  quantity  of  positive  electricity  equal  to  that  on  4he 
inderior.  Unless  means  he  afforded  for  the  escape  of  the  positive  electricity 
firom  the  exterior,  no  charge  ought  to  be  received ;  and  this  conclusion  is 
quite  ooofbrmaUe  to  the  fact  above  stated. 

The  opposite  electric  fluids  accumulated  on  the  opposite  sides  of  a  charged 
Leyden  jar  exert  a  strong  mutual  attraction  through  the  substance  of  the 
glass,  and  the  presence  of  each  secures  the  continuance  of  the  other.  The 
exterior  of  the  jar  may  be  freely  handled,  and  its  coating  removed,  without 
destroying  the  charge,  provided  no  oommuuication  be  made  at  the  same 
time  with  the  interior;  and  if -the  exterior  be  insulated,  the  charge  will  be 
pjeeerved,  though  the  tinfoil  of  the  interior  be  removed.  But  when  a  con- 
dOfCtor  communicates  with  both  surfaces  at  the  same  instant,  the  two  fluids 
rash  together  with  vidence,  and  the  equilibrium  is  restored.  Whether  in 
this  and  similar  cases  the  two  fluids  coalesce  entirely  on  the  intermediate 
eondnctor,  or  whether  each  from  its  velocity  may  not  in  part  pass  the  other, 
and  be  projected  to  the  opposite  surflice,  is  a  question  on  which  electricians 
are  not  agreed. 

The  I^yden  jar  affords  the  means  of  passing  through  bodies  a  large 
quantity  of  electricity.  For  not  only  may  jars  of  any  required  size  be  em- 
ployed, but  it  is  easy  so  to  arrange  any  number  of  such  jars,  that  they  shaU 
all  be  charged  and  discharged  at  the  same  time,  constitotinj^  what  is  termed 
an  Eleetriad  BaUery.  The  arrangement  is  made  by  placing  a  number  of 
Leyden  jars  in  a  box  lined  with  tinfoil,  by  which  means  their  outer  surfaces 
have  free  metallic  communication  with  each  other,  and  connecting  their 
inner  surftces  by  wires. 

The  explanation  above  given  of  the  action  of  a  Leyden  jar  soggetits  a 
curious  point  of  theory.  A  Jar  afler  it  has  been  discharged  contains  a  smaller 
quantity  of  the  combined  fluids  than  before  it  was  charged ;  since  the  act  of 
charging  is  ascribed  to  loss  of  negative  electricity  by  the  inner  and  of  positive 
electricity  by  the  outer  surface  of  the  jar,  which  loss  is  not  restored  at  the 
moment  of  discharge.  Hence,  if  the  same  jar  were  charged  and  discharged 
many  times  in  succession,  the  total  quantity  of  electricity  remaining  in  the 
jar  ought  to  be  diminished :  and  yet  a  Leyden  jar  does  not  seem  to  be  im- 
paired  by  use,  but  is  equally  effective  at  last  as  at  first  Several  kinds  of 
assumption  may  be  made  to  explain  this.  1.  It  is  possible  that  the  quantity 
of  electricity  present  in  bodies  may  be  so  enormous,  that  any  loss  obtained 
in  our  experiments  is  inappreciable.  *2.  There  may  be  some  unknown 
mode  by  which  electricity  abstracted  from  a  substance  is  restored  to  it. 
3.  It  may  be  assumed  that  when  the  total  quantity  of  the  electricitv  in  a 
jar  is  diminished  to  a  certain  extent^  the  excited  prime  conductor  no  lonprer 
charges  the  interior  by  decomposing  its  combined  fluids,  but  by  imparting 
to  it  positive  electricity ;  and  that  the  outer  surface  of  the  jar  is  then  sup- 
plied with  a  corresponding  quantity  of  electricity  directly  from  the  earth. 
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6.  The  principle  of  indaoed  dectridty  was  inmniouelj  Fig.  2. 
applied  by  Volta  in  the  ooDstruction  of  the  Condenter.  ~ 
This  apparatus,  shown  in  fig.  2,  consists  of  two  brass 
plates,  A  and  a,  sapporied  on  a  common  stand  d.  One 
of  the  plates  b  is  attached  to  the  stand  by  means  of  a 
hinge  c,  io  that,  thoagh  represented  upriglit,  it  may  be 
placed  horizontally,  and  thus  be  withdrawn  ftom  the  vici- 
nity  of  the  plate  a,  the  sapport  of  which  is  made  of  glass. 
On  electrifying  the  insulated  plate  positively,  the  plate  b, 
expressly  placed  dose  to  a,  is  rendered  negative  by  induc- 
tion ;  and,  as  happens  in  the  Leyden  jar,  the  excitement 
of  B  will  be  proportional  to  that  of  a.  The  negative  charge 
of  B  tends  to  preserve  the  positive  char^  of  a,  which  may  D 
oonsequently  receive  still  mure  electricity  by  contact  with  any  positive  sur- 
fkoe,  without  loeinff  what  it  had  previously  acquired.  Tlius  is  electricity  ac- 
cumulated or  am&ued  on  a  ;  so  that  a  substance  too  feebly  excited  to  pro- 
duce any  appreciable  effects  of  itself^  may,  by  repeated  contact  with  the 
insulated  plate  of  a  condenser,  communicate  a  charge  of  considerable  inten- 
sity. The  effect  of  the  accumulation  is  made  apparent  by  withdrawing  b, 
and  bringing  a  in  contact  with  a  delicate  electrometer.  The  condenser  is 
much  employed  in  experiments  of  delicacy,  and  the  plate  a  is  often  perma^ 
nently  fixed  on  the  gold-leaf  electrometer. 

7.  The  EUdrophSntt  is  another  contrivance  of  Volta*s,  which  acts  by  in- 
duced electricity.  It  consists  essentially  of  two  parts;  one  being  a  flat  cake 
of  resin,  made  by  pouring  melted  resin  into  a  shallow  plate  or  circular  dish 
of  tinned  iron,  and  the  otner  a  disk  of  brass,  of  rather  smaller  diameter  than 
the  resin,  supplied  with  a  glass  handle.  The  surfaoe  of  the  resin  is  ne^pa- 
tivelpr  excited  by  friction  or  flapping  with  silk  or  flannel,  and  the  brass  disk 
is  laid  upon  it  The  resin  being  a  non-conductor  retains  its  own  electricity 
in  spite  of  the  super-imposed  brass,  and  decomposes  the  combined  electrici- 
ties of  the  latter,  causing  its  under  surface  to  be  positive,  and  its  upper  ne- 
|rative.  On  touching  tlie  brass  with  the  finger,  its  upper  surface  is  neutral- 
ized, and  on  then  withdrawing  the  brass  plate,  it  is  found  to  have  an  excess 
of  positive  electricity.  On  replacing  the  brass  as  before,  the  resin,  having 
lost  none  of  its  electricity  in  the  process,  acts  again  upon  the  metallic  disk 
as  on  the  first  occasion,  and  will  continue  so  to  act  for  an  indefinite  number 
of  times.  Kept  in  a  dry  place  the  electrophorus  will  keep  in  action  for 
months. 


ELECTR0SC50PES  AND  ELECTROMETERS. 

It  is  very  important,  in  experiments  on  electricity,  to  possess  easy  methods 
of  discovering  when  a  substance  is  electrified,  of  asoertaining  its  intentiiy 
or  the  degree  to  which  it  is  excited,  and  distinguishing  the  kind  of  excitement. 
The  means  for  effecting  these  objects  arc  founded  on  electrical  attraction 
and  repulsion,  and  the  instruments  employed  for  the  purpose  are  called 
Electroscope*  and  Electrometers^  the  latter  denoting  the  intensity  of  elec- 
tricity, the  former  merely  indicating  excitement,  and  Uie  electrical  state  b^ 
which  it  is  produced.  The  term  electrometer,  however,  is  often  indiscrimi- 
nately applied  to  all  such  instruments,  since  the  methods  of  ascertaining  the 
kind  of  excitement  give  at  the  same  time  some  idea  of  its  intensity. 

CfoldUeaf  Electrometer. — Several  simple  electroscopic  methods  have  al- 
ready been  indicated.  (Page  72.)  Small  balls  made  of  the  pith  of  elder  are 
used  for  the  same  purpose.  A  single  pith  ball,  suspended  by  a  cotton  thread, 
is  attracted  by  a  feebly  electrified  substance.  Also,  when  two  pith  balls  are 
suspended  from  the  same  point  by  cotton  threads  of  equal  length,  and  an 
electrified  body  is  placed  near  them,  the  two  balls  are  thrown  by  induction 
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into  the  sune  electric  stete,  and  diverge.  The  fokUkef  eleotio- 
meter,  figure  3,  intented  by  Mr.  Bennett,  acts  upon  the  aame 
principle,  but  ia  fiur  more  delicate.  It  conaiata  of  a  glasa  cyl- 
mder  cemented  below  npon  a  braaa  plato  en,  and  ooverad 
above  by  a  braaa  pUte  ab,  pierced  in  its  centre  for  the  inaer- 
tJOD  of  a  gUas  tube  be,  the  top  of  which  ia  cloaed  by  a  braaa 
plate  a :  into  thia  plate  ia  acrewed  a  thick  braaa  wire,  which 
paaeea  throa|ffa  the  glaas  tube,  and  from  the  lower  eod  d  of 
which  two  abpa  of  gold-leaf  are  auspended.  Theae  different 
parte  are  pot  together  while  quite  dry,  all  the  joininga  are  se- 
cured by  wax  cement,  and  the  glaaa  ia  covered  by  lac  vamiah. 

The  efiect  of  theae  arrangements  is  to  insulate  the  plate  a  with  ito  wire 
and  gold  leaves,  while  the  latter  are  aecure  againat  being  moved  by  currente 
of  air.  The  approach  of  any  electrified  body,  even  though  feebfv  excited, 
to  the  plate  a,  is  immediately  detected  by  the  divergence  of  the  leavea,  aa 
ahown  in  the  figure.  The  instrument  is  equally  uaeful  in  indicating  the 
kind  of  excitement,  provided  the  plate  and  leavea  be  permanently  electrified, 
which  may  eaaily  be  done  on  the  same  principle  aa  in  charging  the  metal, 
lie  diak  of  an  electrophorus.  Thua,  on  placing  a  negativelv  excited  body, 
aa  fiir  example  a  stick  of  sealing-wax  after  friction  on  woollen  cloth,  near 
the  braaa  plate  of  the  electrometer,  the  electric  equilibrium  of  ite  whde  me. 
tallic  auriace  ia  distarbed :  the  brass  plate  becomes  positive,  and  the  alipa  of 
goUUleaf  diverge  from  being  negative.  If  the  plate  be  then  touched  with  the 
finger,  the  equilibrium  of  the  gold-leavea  ia  reatorcd,  and  their  divergence 
ceases,  while  an  excess  of  positive  electricity  is  preserved  on  the  plate  by  the 
vicinity  of  the  negative  aealiuff-wax.  On  removing  jSrat  the  finger,  and  then 
the  sealiog-wax,  the  brass  is  leli  with  an  excess  of  positive  electricity,  which  ex- 
tends aver  the  whole  metallic  surfiice  of  the  electrometer,  and  thua  prodaces 
a  divergence  which  continues  for  a  considerable  time  if  the  ghws  be  dry, 
and  the  atmosphere  moderately  free  from  moisture.  The  approach  to  the 
braaa  plate  of  a  poaitively  excited  body  inereaaea  the  divergence  of  the  ^Id 
leavea;  because  the  plate  becomea  negative  by  induction,  and  the  poaitive 
fluid  retiruig  to  the  extremities  of  the  leavea,  rendera  them  still  more  posi- 
tive.  A  negativeljr  excited  body  has  an  exactly  opposite  efiect,  by  attract- 
ing the  positive  fluid  towards  the  plate  and  firom  the  leaves,  and  diminishing 
diveigence. 

Quadrant  EUetnmeUr^ — ^An  instrument  much  used  fiir  estimating  tha 
degree  or  intensity  of  electricity  ia  the  quadnnU  dtetnme*  Ffg .  4. 

(er,  figure  4,  invented  by  Mr.  Henley.  It  coosisto  of  a 
■mooUi  round  stem  of  wood  m  b^  about  seven  inches  long, 
to  the  upper  part  of  which,  and  projecting  firom  ito  side, 
ia  attoched  a  semicircular  piece  of  ivory.  In  the  centre 
e  of  the  aemicircle  is  fixed  a  pin,  from  which  is  suspend-  g^  ( 
ed,  to  serve  as  an  index,  a  ^nder  piece  of  wood  or  cane 
d  e,  ibur  inchea  in  length,  and  terminated  by  a  small 
faalL  When  the  apperatus  ia  acrewed  on  the  prime  eon- 
doctor  of  the  electrical  machine,  or  placed  on  any  elec 
trified  body,  it  indieatea  diftrencea  of  electric  intenaity 
by  the  extent  to  which  the  index  recedes  from  the  stem ; 
and  in  order  to  express  the  divergenoe  in  numbers,  the 
lower  half  of  the  aemicircle,  which  is  traversed  by  the  in- 
dex, ia  divided  into  90  equal  parte  called  degrett.  This 
Instrument,  though  convenient  for  experimente  of  illustra- 
tion, is  not  sttiteid  to  those  of  reeearch,  wherein  the  object  is  to  examine 
the  efibcte  of  subetancea  feebly  electrified,  and  ascertain  tneir  relative  forcea 
with  accuracy. 

Tbrsten  Meetnmeter.-^TioM  instrument,  invented  Vy  Coulomb,  is  peco- 
liariy  fitted  for  aeientifio  inveatigation.  I^  consisto  of  a  small  needle  of  gum- 
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lac  eil,  fig.  5,  BOspeDdod  horizontilljr  hy  a  taSk  thread  aa  Fi<-  5. 

apun  by  the  silk-worm, or  by  a  fine  aiWer  wire  a  (;  on  the 
point  of  the  needle  is  fixed  a  Boiall  gilt  ball  made  of  the 
pith  of  elder ;  and  the  whole  is  covered  with  a  glaaa  case 
to  protect  it  from  moiature  and  currents  of  air.  The  pith 
ball,  when  the  apparatus  is  at  rest,  is  in  contact  with  the 
knob  e  of  a  metallic  conductor /e,  which  passes  through  a 
hole  in  the  glass  case,  and  is  secured  in  its  place  by  ce- 
ment ;  but  when  an  excited  body  is  made  to  touch  the  con- 
ductor, the  pith  ball  in  contact  with  it  is  similarly  excited, 
and  recedes  firom  it  to  an  extent  proportional  to  the  degree 
of  excitement  The  needle  consequently  describes  the  arc 
of  a  circle,  which  is  measured  on  the  graduated  arc  ab, 
and  in  its  revolution  twists  the  supporting  thread  more  or  less  according  to 
the  length  of  the  arc  described.  The  torsion  thus  occasioned  calls  into  play 
the  elasticity  of  the  thread, — a  feeble  but  constant  force,  which  opposes  the 
movement  of  the  needle,  measures  by  the  extent  to  which  it  is  overcome  the 
repulsive  force  exerted,  and  brings  back  the  needle  to  its  original  position 
as  soon  as  the  electric  equilibrium  is  restored.  It  has  been  proved  that  the 
force  which  causes  the  torsion  is  exactly  proportional  to  the  arc  described 
by  the  needle. 

Balaftce  Electrometer, — Mr.  Harris  of  Plymouth  has  made  a  happy  appli- 
cation of  the  common  balance  and  weights  to  estimate  the  mutual  attrac- 
tion of  oppositely  electrified  sor&oes.  The  sppa^  Fig.  6. 
ratus,  figure  €,  consists  of  a  brass  beam  n',  sup- 
ported by  a  conductor  cd  standing  on  a  wooden 
nrame  aa';  d  is  a  scale  for  holdinflr  weights,  and  k 
its  support;  a,  5,  are  gilt  cones  made  of  light  wood, 
a  being  suspended  by  a  silver  wire  firom  b',  and  b 
insulated  by  the  glass  support  A'd'.  The  instrument 
is  prepared  for  use  by  placing  a  and  d  in  exact 
equipoise;  the  cone  a  is  suspended  so  that  its  base 
■hall  be  opposite  and  parallel  to  the  base  of  the  cone 
bj  as  may  be  done  by  means  of  three  adiusting 
■crews  in  the  frame  aa'  ;  and  b  is  raised  by  nelp  of 
a  graduated  brass  slide  e,  until  the  bases  of  the 
cones  are  just  in  contact  The  cone  6  u  then  de- 
pressed to  any  desired  distance,  which  may  be  va- 
ried at  will  during  an  experiment  The  same  cone 
is  connected  with  the  inner  coating  of  a  Leyden 
jar,  the  outer  coating  of  which  communicates  with 
the  frame  of  aa',  and  along  cdb'  with  the  cone  a : 
these  cones  may  thus  be  made  parts  of  a  charged 
Leyden  jar,  and  be  oppositely  excited,  as  indicated  by  the  signs  -f-  uid  — . 
The  attractive  forces  exerted  between  their  bases  tends  to  draw  down  the 
cone  a  into  contact  with  6,  discharging  the  jar ;  but  before  it  can  do  so,  it 
has  to  overcome  the  weight  which  may  be  in  the  scale  d.  By  this  ingenious 
contrivance  any  number  of  attractive  forces  are  estimated  by  a  common 
standard,  namely,  the  number  of  grains  which  each  is  able  to  raise. 

Unit  Jar* — ^This  is  another  contrivance  of  Mr.  Harris,  and  is  a  most 
important  addition  to  our  stock  of  electrical  apparatus.  It  is  formed  of  a 
■mall  inverted  Leyden  jar,  figure  7,  support^  and  insulated  by  a  slender 
fflass  rod  e^  which  is  covered  with  lac  varnish,  and  fixed  into  a  wooden 
frame  a.  The  inner  coating  of  this  jar  is  in  metallic  contact  with  a  brass 
ball  d  and  a  wire  a,  which  wire  communicates  with  the  prime  conductor 
of  an  active  electriod  machine ;  whereas  the  brass  ball  e  and  wire  b  are 
connected  with  its  outer  coating.  If  the  wire  6  be  held  in  the  hand,  or 
otherwise  communicate  with  the  ground,  the  electrical  machine  being  in 
action,  the  jar  is  charged  in  the  usual  manner,  and  is  discharged  by  a 
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spark  puBing  between  the  two  bnM  balls  e  and  d.  The  Fig.  7. 
interval  may  be  increaaed  or  diminiahed  by  causing  one  of 
tbe  balls  to  be  moveable  by  means  of  a  slide  or  screw.  It 
wiU  be  readily  conceived  that  socoeasive  sparks  through 
the  same  interval  mn«t  be  cansed  b^  equal  quantities  of 
electricity ;  and  experiment  shows  this  to  be  the  case,  pro- 
Tided  the  apparatus  is  clean  and  dr^,  and  the  charges  are 
taken  nearly  at  the  same  time,  that  is,  while  the  air  in  re- 
lation to  temperature,  pressure,  and  moisture,  may  be  con- 
sidered constant  l>o  taking  six  sncoessive  sparks  we  em- 
ptoy  six  times  as  much  electricity  as  for  one  charge,  and 
three  times  as  much  as  for  two  charges,  the  quantity  of 
electri<nty  being  proportional  to  the  number  of  charges. 
It  is  on  this  account  Mr.  Harris  introduced  the  term 
unit  jar. 

The  principal  nse  of  the  unit  jar  is  in  charging  other 
Ley^en  jars  with  known  proportions  of  electricity.  Thus, 
if  the  unit  jar  be  charged  by  the  prime  conductor,  while 
its  cmtside  communicatee  through  the  wire  h  with  the  in- 
aide  of  a  large  Leyden  jar  standing  on  the  ground,  the 
positive  fluid  repelled  from  the  unit  jar  gives  an  equal  positive 
6tMXf[e  to  tbe  inner  coatuig  of  the  h^e  jar,  and  its  outer 
coating  is  rendered  negative  by  induction.  Under  these  cir- 
cumstances the  effect  of  a  spark  between  e  and  d  is  merely 
to  neutraUze  the  coatings  of  the  unit  jar,  without  afiectinff  the  state  of  the 
lar^  jar.  On  giving  a  second  charge  to  the  unit  jar,  the  Targe  jar  receives 
an  mcrement  equal  to  what  it  received  from  the  first  charge,  and  the  second 
spark  mereJy  restores  the  equilibrium  of  the  unit  jar  as  before.  A  third  and 
fourth  charges  of  the  unit  jar  act  on  the  same  principle ;  and,  by  continuing 
the  process,  any  known  proportionB  m^y  be  given.  If  the  opposite  coatings 
of  a  jar  80  charged  be  connected  with  the  cones  of  the  balance  electrometer 
previously  described,  the  attractive  forces  doe  to  known  relative  quantities 
of  electricity  may  be  precisely  determined. 

Electric  MentUy* — Before  cimcloding  this  account  of  electrometers,  it 
will  be  useful  to  renr  to  the  kind  of  information  which  they  supply.  From 
the  mode  in  which  these  instrumentB  act,  it  is  plain  that  they  indicate  the 
degree  of  electric  excitement,  the  remoteness  from  the  unexcited  state,  a 
condition  expressed  by  the  terms  tenMion  and  intensity.  If  two  insulated 
brass  disks  of  equal  size  be  supplied  with  equal  quantities  of  free 'electricity, 
they  will  affect  an  electrometer  equally,  and,  therefore,  their  intensity  or 
tension  is  equal;  but  if  one  of  the  disks  be  larger  than  the  other,  the  smaller 
will  have  the  highest  tension.  In  fiict,  one  square  inch  of  the  smaller  disk 
wiU  possess  more  free  electeicijy  than  the  larger,  and  that  is  precisely  the 
condition  which  constitutes  differences  of  intensity.  Of  any  number  of 
electrified  substances,  that  vrill  have  the  highest  intensity  which  has  the 
most  free  electric  flnid  on  unity  of  surface. 

LAWS  OF  ELECTRICAL  ACCUMULATION. 

1.  The  qnanti^  of  free  electricity  which  an  insulated  conductor  is  capa- 
ble of  receiving  is  independent  of  its  quantity  of  matter.  Thus,  two  brass 
spheres  of  the  same  siie,  one  solid  and  the  other  hollow,  will  take  equal 
quantities  of  electridty,  and  possess  equal  intensities.  The  cause  of  this  is 
referable  to  the  second  law. 

3.  The  free  electricity  of  an  insulated  conductor  is  always  accumulated 
on  its  surface,  where  it  forms  a  layer  or  stratum  enveloping  the  substance 
on  every  side,  and,  therefore,  possessed  of  the  same  fiffure.  Thus,  an  ex- 
cited  sphere,  the  sur&oe  of  which  is  exactly  fitted  with  two  thin  metallic 
hemispheres,  loses  the  whole  charge,  when,  by  means  of  glass  handles,  the 
hemi^ilieree  ai«  soddenly  removed ;  and  an  excited  hdlow  cylinder,  open  at 
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tlM  endh  win  tdmit  of  beiof  touched  by  an  inralated  ooBdaetor,  emtiaudy 
introdooed  into  its  interior,  witboat  any  Ion  of  electricity.  The  cauae  cmT 
free  electricity  being  diapoaed  upon  the  aur&oe  of  condooton  b  aacribed  to 
the  mutual  repulsion  of  ita  particlea,  which  givea  them  a  tendency  to  leoede 
aa  far  aa  poeaible  from  each  other,  and  to  be  arreated  at  the  aorfaoa  aokly 
by  aome  counteracting^  force,  such  aa  the  interpoaition  oi  an  imperfect  con- 
ductor. 

3.  The  mode  in  which  electricity  is  diatributed  over  the  aurface  of  a  con- 
ductor  ifl  dependent  on  ita  figure.  On  a  aphere  it  forma  a  uniform  atratum 
of  equal  tbickneaa  all  around,  that  ia,  each  part  of  the  aurface  haa  the  aame 
quantity  of  electricity  aa  any  other  part  of  equal  aiae.  But  on  an  ellipaoid 
the  atratum  is  thickeat  at  the  extremitiea  of  the  longer  azia,  and  the  aoc«P 
mulaiion  at  thoae  parts  ia  greater  and  greater  aa  the  fength  of  that  azia  be- 
comea  more  and  more  predominant  In  all  oonductora  which  are  much 
longer  than  broad,  aa  in  a  narrow  metallic  bar,  aa  also  in  thoae  which  hava 
elongated  pointed  terminationa,  the  principal  accumulation  ia  at  the  ends 
and  projecting  pointa.  The  inequaiitjr  of  diatribution  is  juat  aa  conapieaoiia 
in  a  negatively  aa  in  a  poaitively  excited  conductor,  a  circumatance  which 
aeema  utterly  irreconcilable  with  the  theory  of  a  aingle  fluid.  Coulomb 
proved  theae  fiicta  experimentally  by  touching  the  dtfierent  parte  of  electri- 
fied oondncton  by  a  proo/.plaaa,  which  ia  a  very  email  diak  of  gilt  paper 
inanlated  by  a  handle  of  lac  reain,  and  estimating  the  tenaion  of  the  proo^ 
plane  by  hia  toraion  electrometer:  he  found  that  tnia  plane  always  took  firom 
the  spot  touched  a  conatant  proportion  of  the  electricity  aoeumolated  at  that 
apot,  and,  thef^fbre,  the  relative  intensitiee  of  the  plane,  afler  contact  with 
diflbrent  parte  of  an  electrified  conductor,  exactly  repreaented  the  electric 
accumulation  of  the  parte  ao  touched.  For  theae  and  other  experimenta  of 
Coulomb  on  electrical  aotiona,  the  reader  may  consult  Biotas  DraiU  da 
Phynque. 

The  unequal  accumulation  of  electricity  on  oonductora  ia  a  direct  con- 
•equence  of  the  law  of  electric  repulsion ;  and  M.  Poiason,  assuming  the 
truth  of  that  law,  haa  arrived  by  calculation  at  the  very  same  concluaiona 
which  Coulomb  obtained  bj^  experiment  Thoae  who  are  prepared  to  follow 
auch  very  high  mathematical  inquiriea  are  referred  to  Poisson's  original 
Essay,  to  the  article  on  Electricity  by  Mr.  Whewell  in  the  Encyclopedia 
Metropolitana,  and  to  a  late  work  on  Electricity  by  Mr.  Murphy. 

4.  The  electric  fluid  accumulated  at  the  aurface  of'^oon^uctora  tends  to  escape 
by  the  repolaion  of  its  particlea.  Ita  preaanre  againat  the  air  is  considered 
proportional  to  the  square  of  the  quantity ;  ao  that  if  the  electric  accumnhi. 
tion  at  four  different  parte  of  an  excited  conductor  is  aa  1, 2,  3,  and  4,  the 
preaaure  against  the  air  at  thoae  parte  will  be  aa  1,  4,  9,  and  16.  Hence 
electricity  paaaea  off  with  great  rapidity  fi-om  the  ends  or  projecting  pointa 
of  oonductora,  a  reault  quite  conformable  to  experience.  But  the  equilibrium 
of  an  excited  conductor  is  perhaps  never  entirely  reatored  by  the  direct  dif. 
fusion  of  ita  exceaa  due  to  ita  own  repulsion;  for  the  conductor  necessarily 
tends  to  induce  a  state  opposite  to  itself  in  contiguous  conductors  and  in  tba 
circumambient  air,  and  then  the  attraction  of  oppositely  electrified  surfacea 
ia  called  into  play* 

5.  Coulomb  proved  experimentally,  by  aid  of  his  torsion  electrometer,  that 
the  repubion  of  two  similarly  electrified  bodies  varies  inversely  as  the  square 
of  their  distancea.  If  the  electric  charge  on  one  of  them  vary,  while  that  on 
the  other  and  tlie  distance  are  constant,  the  repulsion  will  vary  simply  aa  the 
quantity.  Thus,  let  the  free  electricity  on  a  be  expressed  by  4,  and  that  on 
B  by  1,  and  the  distance  be  always  1  inch,  then  if  the  charges  on  a  vary  aa 
1,  2,  3,  and  4,  the  repulsion  will  also  vary  aa  1,  2,  3,  and  4;  for  the  auocea- 
aive  additions  to  a  merely  act  by  augmenting  in  the  same  ratio  the  number 
of  repulsive  particlea  influenced  by  the  constant  charge  on  a.  The  repulsion 
in  these  caaea  may  be  denoted  by  the  product  of  the  two  chargea.  For 
example,  when  the  charges  on  a  and  a  are  4  and  1,  the  repulaion  will  bo 
4XIk4;  when  they  are  4  and  2,  the  repulaion  ia  4x3ik8,  or  twice  four ; 
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wben  4  and  3,  it  is  4x3=13,  or  three  times  fbnr;  and  when  4  and  4,  the 
repulsion  is  4x4=16,  or  foor  times  four.  If  in  the  last  case  the  charge  on 
B  Afl  to  2,  the  repulsion  becomes  4x9=8  as  before;  and  then  should  the 
charge  on  a  be  also  reduced  to  3,  the  repulsion  will  be  2x3=4.  Hence 
when  the  whole  quantity  of  electricity  changes,  the  repulsion  Taries  as  the 
square  of  the  quantity. 

6.  The  attraction  of  two  oppositely  electrified  bodies  varies  Inversely  as 
Ae  square  of  the  distance  between  tnem.  Coulomb,  who  verified  this  law 
by  experiment,  also  showed  that  the  attractive  force,  the  distance  being  con- 
stant, varies  by  the  same  law  as  that  for  repulsion  just  stated.  If  a  and  b 
are  equally  and  oppositely  excited,  so  that  we  may  represent  the  free  elec- 
tricity on  each  by  4,  and  their  mutual  attraction  hy  4x4=16,  then  if  the 
quantity  on  b  successively  become  3,  2,  and  1,  the  corresponding  attractions 
will  be  12,  8,  4 ;  and  should  the  quantity  on  a  and  on  b  vary  together,  so  as  to 
be  reduced  on  both  from  4  to  2,  and  from  2  to  l,tbc  attractions  will  be  16,  4, 
and  1.  Thufl,  when  the  whoU  quantity  i>f  electricity  changes,  the  attraction 
varies  as  the  square  of  the  quantity. 

Mr.  Harris  has  griven  a  beautiful  demonstration  of  these  laws  by  means  of 
his  balance  electrometer  and  unit  jar  (pages  82, 83),  the  cones  a,  6,  of  figure 
6,  being  connected  respectively  with  the  outer  ana  inner  coatings  of  a  large 
Leyden  jar.  On  giving  to  it  a  constant  charge  by  means  of  the  unit  jar, 
and  varying  the  distance,  the  weights  raised,  or  the  attractive  force,  were 
found  to  vary  exactly  as  the  square  of  the  distance  between  the  cones.  On 
preservina  the  distance  constant,  giving  a  charge  capable  of  raising  one 
jrrain,  and  then  successively  doubling,  trebling,  and  quadrupling  the  quan- 
tity first  jd^n  to  the  inner  coating,  the  weights  raised  were  4,  9,  and  16 
grains.  This  strictly  conlbrms  with  the  foregoing  statement ;  for  on  dou- 
bling the  charge  to  the  inner  coating  of  the  Leyden  jar,  the  electricity  on  the 
eone  fr,  connected  with  it,  is  also  doubled,  and  the  double  charge  on  6  dou- 
bles the  induced  charge  on  a.  Hence  the  quantity  on  both  cones  being 
floobled,  the  force  ought  to  be  quadrupled. 

7.  It  may  be  inferred  firom  the  law  No.  6,  that  when,  in  two  oppositely 
esdted  bodies,  the  whole  quantity  of  electricity  and  the  distance  vary  toge- 
ther and  at  the  same  rate,  the  attractive  force  will  be  unchan^.  T^is  has 
been  fully  proved  by  Mr.  Harris.  On  putting  5  grains  into  his  balance,  giv- 
ing a  charge  sufficient  to  raise  that  weight  at  a  certain  distance,  and  then 
sncoessively  doubling,  trebling,  and  quadrupling  that  distance,  it  will  be  ne- 
cessary, in  order  to  raise  the  5  grains,  to  give  a  double,  treble^  and  quadru- 
ple charge  to  the  inner  coating  of  the  Leyden  jar  communicatmg  with  cone 
k  In  &ct,  doubling  the  electricity^  on  both  cones,  is  to  quadruple  the  attrac- 
tive force  between  tnem ;  and  doubling  the  distance,  diminishes  the  force  by 
Ibor  times:  the  force  is  thus  diminished  by  one  cause  as  much  as  it  is  in- 
creased  by  the  other,  and,  therefore,  continues  unchanged. 

Mr.  Harris  has  demonstrated  the  same  law  by  observing  the  HrUcing  dig- 
UmcB  of  a,  charjgred  jar,  that  is,  the  interval  through  which  the  electricity  will 
pass  BO  as  to  discharge  it.  For  this  purpose  the  inner  and  outer  coating  are 
separately  connected  with  a  conductor  terminating  in  a  brass  ball,  one  of 
which  is  attached  to  a  graduated  slide,  so  as  to  be  fixed  at  any  r^uired  dis- 
tance from  the  other  balL  On  causing  the  distances  between  the  balls  to  vary 
in  the  ratio  of  1,  2,  3,  4,  the  jar  will  discbarge  itself  by  the  passage  of  a 
spark,  when  the  charge  on  each  coating  is  increased  in  the  same  ratio.  The 
obstacle  which  the  electricity  has  to  overcome  before  it  can  discharge  the 
jar,  IB  the  interposed  air ;  and  that  obstacle  may  be  regarded  as  constant  in 
experiments  performed  at  the  same  time,  since  it  is  found  to  depend  on  the 
density  of  the  air. 

8.  Mr^  Harris  ascertained  the  nature  of  the  influence  exerted  by  the  at- 
mosphere over  the  striking  distance  of  a  charged  Leyden  jar,  by  including 
the  balls  connected  with  its  outer  and  inner  coating  within  glass  vessels  sus- 
cepCible  of  exhaustion.  He  then  found  that  the  resisUnce  to  the  passage  of 
a  charge  varies  a^the  square  of  the  density  of  the  air.  Thus,  when  the  den- 
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tity  wu  mtde  to  vary  in  the  ratio  of  1,  2,  4,  the  charge  passed  throngh  « 
constant  interval  when  the  quantity  added  to  the  inner  coating  varied  in  the 
same  ratio.  Now,  when  tlie  charges  were  as  1, 2, 4,  the  attractive  forces,  by 
law  No.  6,  were  as  1,4, 16,  which  represent  the  corresponding  obstacles 
caused  by  the  air.  Agreeably  to  the  same  law,  the  striking  distance,  when 
the  charge  is  constant,  varies  inversely  as  the  density  of  the  air :  a  charge 
which  strikes  through  one  inch  of  air  when  the  barometer  is  at  30  inches, 
will  pass  through  two  Inches  in  air  so  rarefied  as  to  support  only  15  inches 
of  mercury,  and  through  four  inches  when  the  mercurial  column  is  7J$ 
inches.  Hence,  in  a  perfect  vacuum,  a  Leyden  jar  ought  to  discharge  itself 
through  any  interval ;  and  in  the  higher  parts  of  the  atmosphere,  where  the 
air  is  much  rarefied,  two  oppositely-ezcited  clouds  will  neutralize  each  other, 
though  separated  by  very  great  distances. 

It  is  not  apparent  from  the  preceding  remarks,  whether  the  striking  dis- 
tance is  influenced  by  change  of  the  density  or  the  elasticity  of  the  confined 
air,  since  in  rarefying  air  by  the  air-pump,  the  rarefaction  increases,  and  the 
elasticity  decreases  at  the  same  rate.  Mr.  Harris  has  shown,  contrary  to 
what  one  m^ht  anticipate,  that  the  influential  condition  is  density  and  not 
elasticity.  For  on  rarefying  air  by  heat  so  as  to  preserve  ita  original  elasti- 
city, the  striking  distance  was  exactly  Uie  same  as  in  cold  air  rarefied  to  the 
same  degree  by  the  air-pump ;  and  in  air  first  rarefied  by  the  air-pump,  and 
then  heated  until  it  had  recovered  ita  ori^^inal  elasticity,  ita  volume  and  den- 
sity being  kept  the  same,  tlie  varied  elasticity  had  no  influence  on  the  charge 
required  to  pass  through  a  constant  distance.  From  these  and  similar  expe- 
rimenta  Mr.  Harris  infers  that  the  remarkable  conducting  power  known  to 
be  possessed  by  hot  air  is  doe  to  ita  rarity  alone. — ^Though  I  have  not  had 
occasion  to  repeat  these  experiraenta  on  hot  air,  I  have  entire  confidence  in 
their  accuracy ;  inasmuch  as,  not  to  mention  the  known  skill  and  exactness 
of  Mr.  Harris,  I  find  that  the  striking  distance  for  the  same  charge  is  greater 
in  air  than  in  carbonic  acid  gas,  and  greater  in  hydrogen  gas  than  in  air,  the 
elasticities  being  equal. 

9.  The  continuance  of  an  excited  char^  on  an  insulated  conductor  is  com- 
monly ascribed  to  the  pressure  of  the  air.  .  An  oppoi*ite  opinion,  however^ 
has  been  maintained.  Mr.  Morgan  (Phil.  Trans.  1785)  published  some  ex- 
perimenta  to  prove  that  a  space  entirely  free  from  air,  sucli  as  a  Torricellian 
vacuum,  is  a  non-conductor  of  electricity ;  and  Mr.  Cavallo  (Treatise  on 
Electricity)  showed  that  exhaustion  inav  be  carried  very  far  within  the  beU- 
jar  of  an  air-pump  without  an  electrified  body  placed  under  it  loeine  ito 
charge.  On  repeating  these  experiments,  at  the  request  of  Mr.  Harris,  I  ob- 
tained similar  resulta.  A  slip  of  gold- leaf  diverginer  at  an  angle  of  60^^,  con- 
tinued so  for  hours  in  air  expanded  100  times;  and  in  air  rarefied 300  times 
a  feeble  charge  was  retained  for  a  whole  week.  The  loss  observed  in  still 
further  states  of  exhaustion,  may  be  ascribed  to  the  excited  body  inducing 
an  opposite  state  in  the  conducting  materials  of  the  air-pump,  thereby  calling 
into  activity  a  force  which  co-operates  with  the  repulsion  of  ita  own  particles. 
The  preceding  phenomena  appear  to  indicate  the  existence  of  an  adhesive 
force  between  the  particles  of  electricity  and  the  sur&ce  of  bodies  which 
causes  an  obstacle  to  their  escape. 

The  facta  which  I  have  given  in  the  few  preceding  pages  on  the  authority 
of  Mr.  Harris,  are  described  by  him  at  length  in  an  essay  just  read  before 
the  Royal  Society.  Owing  to  his  kindness  in  procuring  for  me  his  appara* 
tus,  and  showing  me  his  method  of  operating,  I  have  been  enabled  to  repeat 
all  the  expcrimenta  referred  to,  except  those  on  heated  air,  and  am  quite 
satisfied  of  their  accuracy. 

HISTORICAL  NOTICE. 

The  science  of  electricity  is  of  modern  origin.  The  knowledge  of  the  an- 
cienta  was  confined  to  the  fact,  that  amber  and  the  lyncurium  (supposed  to 
be  tourmalin)  acquired  the  property  of  attracting  light  bodies  by  friction.   It 
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was  not  known  tbat  other  bodies  might  be  similarlj  excited  until  the  com- 
meocement  of  the  seventeenth  century,  when  Dr.  Gilbert  of  Colchester  de- 
tected the  same  property  in  a  variety  of  other  substances,  and  thereby  lud 
the  ibnndation  of  the  science  of  electricity.  A  few  additional  facts  were  no- 
ticed dttring  the  same  centary  by  Boyle,  Otto  de  Guericke,  and  Wall,  and  in 
1709  Hawkesbee  published  an  account  of  many  curious  electrical  experi- 
ments;  but  no  material  progress  was  made  until  Stephen  Grey  (PhiL 
Tkans.  1729  to  1733)  drew  the  distinction  between  conductors  and  non-con- 
dnctors  of  electricity,  and  illustrated  it  by  new  and  striking  experiments. 
Soon  afler  Dufay  in  France  distinguished  between  the  two  kinds  of  electri- 
dtj ;  and  in  1759  (Phil.  Trans,  li.  340)  Symmcr  added  the  important  fact 
tiiat  friction  devclopes  both  kinds  of  electricity  at  the  same  time,  an  obsenra- 
tion  which  led  to  the  theory  of  two  electric  fluids  as  now  understood. 
These  discoveries  added  to  the  confirmation  of  Franklin's  opinion  as  to  the 
identity  of  the  cause  of  lightning  and  electricity,  fixed  the  attention  of 
scientific  men  upon  the  new  study,  and  soon  acquired  for  it  a  high  rank 
among  the  sciences. 

For  further  details  respecting  its  origin  and  early  progress,  the  reader  may 
ocmsalt  the  history  of  electricity  by  Priestley. 


SECTION  IV. 

GALVANISM. 

Tbb  science  of  Galvanism  owes  its  name  and  origin  to  the  experiments 
«a  animal  irritability  made  by  Galvani,  Professor  of  Anatomy  at  Bologna, 
in  the  year  1790.  In  the  course  of  the  investigation  he  discovered  the  met, 
that  muscular  contractions  are  excited  in  the  leg  of  a  fi'og  recently  killed, 
when  two  metals,  such  as  zinc  and  silver,  one  of  which  touches  the  crural 
nerve,  and  the  other  the  muscles  to  which  it  is  distributed,  are  brought  into 
contact  with  one  another.  Galvani  imagined  that  the  phenomena  are  owing 
to  electricity  present  in  the  muscles,  and  that  the  metals  only  serve  the 
imrpose  of  a  conductor.  He  conceived  that  tlie  animal  electricity  originates 
m  the  brain,  is  distributed  to  every  part  of  the  system,  and  resides  particu* 
larly  in  the  muscles.  He  was  of  opinion  that  the  different  parts  of  each 
muscular  fibril  are  in  opposite  states  of  electrical  excitement,  like  the  two 
surfaces  of  a  charged  Lieyden  phial,  and  that  ^contractions  take  place  when- 
ever  the  electric  equilibrium  is  restored.  This  he  supposed  to  be  efiected 
during  life  throqgh  the  medium  of  the  nerves,  and  to  have  been  produced 
in  his  experiments  by  the  intervention  of  metaillic  conductors. 

The  views  of  Galvani  had  several  opponents,  one  of  whom,  the  celebrated 
Volta,  Professor  of  Natural  Philosophy  at  Pavia,  succeeded  in  pointing  out 
their  fallacy.  Volta  maintained  that  electric  excitement  is  due  solely  to  the 
metals,  and  that  the  muscular  contractions  are  occasioned  by  tiie  electricity 
thus  developed  passing  along  the  nerves  and  muscles  of  the  animal.  To  the 
experiments  instituted  by  Voltii,  we  are  indebted  for  the  first  voltaic  appa- 
ratus,  which  was  described  bjr  him  in  the  Philosophical  Transactions  for  IBOO, 
and  which  has  properly  received  the  name  of  the  voUaie  pile ;  and  to  the 
same  distinguished  philosopher  belongs  tlie  real  merit  of  laying  the  founda* 
tion  of  the  science  of  Galvanism. 

The  identity  of  the  agent  concerned  in  the  phenomena  of  galvanism  and  of 
the  common  electrical  machine,  is  now  a  matter  of  demonstration.  Voltaic  and, 
common  elecricity  are  due  to  the  same  force,  excited  by  different  conditions, 
operating  in  general  in  a  different  manner  and  under  different  circumstances. 
The  effects  of  the  latter  are  caused  by  a  comparatively  small  quantity  of  elec* 
tricity  brought  into  a  state  of  insulaUon,  in  which  state  it  exerts  a  high  Inten. 


88  OALTAICISU. 

■ity,  as  evioced  by  its  remarkable  attractive  and  repulaiye  energies,  and  by  iU 
power  to  force  a  passage  through  obstructing  media.  In  galvanism  the 
electric  agent  b  more  intimately  associated  with  otlier  substances,  is  deve- 
loped in  large  quantity,  but  never  attains  a  hig^h  tension,  and  produces  lU 
peculiar  effects  while  flowing  along  conductors  in  a  continuous  current 

VOLTAIC  ARRANGEMENTS  OR  CIRCLES. 

Arrangements  fi>r  exciting  galvanism  are  divided  into  simple  and  com- 
pound, the  former  beinff  voltaic  circles  in  their  most  elementary  form,  and 
the  latter  a  collection  of  simple  circles  acting  together :  it  will  hence  be  pro- 
per to  commence  the  description  of  them  with  Uie  most  simple. 

Simple  VoUaie  Circles.— When  a  plate  of  zinc  and  a  plate  of  copper  are 
placed  in  a  vessel  of  water,  and  the  two  metals  are  made  to  touch  eadi 
other,  either  directly  or  by  the  intervention  of  a  metallic  wire,  galvanism  is 
excited.  The  action  is,  indeed,  very  feeble,  and  not  to  be  detected  by  ordi- 
nary methods;  but  if  a  little  sulphuric  acid  be  added  to  the  water,  numeroas 
globules  of  hydro|»en  gas  will  be  evolved  at  the  surface  of  the  copper.  This 
phenomenon  contuues  uninterruptedly  while  metallic  contact  between  the 
plates  continues,  in  which  state  the  circuit  is  said  to  be  closed;  but  it  ceases 
when  the  circuit  is  broken,  that  is  when  metallic  contact  is  interrupted.  Hie 
hydrogen  ra  which  arises  from  the  copper  plate  results  from  water  decom- 
posed by  the  electric  current,  and  its  ceasing  to  appear  indicates  the  mo- 
ment  when  the  current  ceases.  In  this  case  the  voltaic  circle  consists  of 
zinc,  copper,  and  interposed  dilute  acid;  and  the  circle  gives  rise  to  a  cur- 
rent only  when  the  two  metals  are  in  contact  This  arrangement  is  shown 
in  figure  1,  where  metallic  contact  is  readily  made  Fig.  1-^ 

or  broken  by  means  of  copper  wires  soldered  to  the  /^"c^ 
plates.  By  employing  a  galvanometer  (ps^  HO), 
It  is  foand  that  a  current  of  positive  electricity  con- 
tinually circulates  in  the  closed  circuit  from  the 
sine  through  the  liquid  to  the  copper,  and  from  the  a\ 
copper  along  the  conducting  wires  to  the  zinc,  as  ^\ 
indicated  by  the  arrows  in  the  figure.  A  current  ^ 
of  nemtive  electricity,  agreeably  to  the  theory  of 
two  electric  fluids,  ought  to  traverse  the  apparatus  in  a  direction  precisely 
reversed;  but  for  the  sake  of  simplicity  I  shall  hereafter  indicate  the  course 
of  the  positive  current  only. 

It  matters  not,  so  far  as  voltaic  action  is  concerned,  at  what  part  the 
plates  of  fig.  1  touch  each  other.  A  current  takes  place,  whether  contact 
between  the  plates  is  made  below  where  covered  with  liquid,  above  where 
4mcovered,  or  along  the  whole  length  of  the  plates,  provided  both  plates  are 
immersed  in  the  same  vessel  of  dilute  acid.  Immersion  of  one  plate  only  in 
the  acid  solution,  however  contact  between  the  plates  may  be  made,  does 
not  excite  voltaic  action ;  nor  does  it  suffice  to  have  one  plate  in  one  vessel, 
and  the  other  plate  in  another  vessel.  A  plate  of  zinc  soldered  to  one  of  cop- 
per, and  plunged  into  dilute  acid,  gives  a  current  passing  from  the  zinc 
through  the  fluid  rOund  to  the  copper:  but  if  the  soldered  plates  are  cement- 
ed into  a  box  with  a  wooden  bottom  and  metallic  sides.  Fig.  3. 
BO  as  to  form  two  separate  cells,  as  shown  in  a  vertical 
section  by  figure  2,  then  the  introduction  of  dilute  acid  T 
to  the  cells  will  not  excite  a  current,  unless  the  fluid  J 
of  the  cells  be  made  to  communicate  by  means  of 
moistened  fibres  of  twine,  cotton,  or  some  porous  mat-, 
ter,  or,  as  in  the  figure,  by  wires,  a  6,  soldered  to  the 
metallic  sides  which  contain  the  dilute  acid,  or  dipping 
into  the  acid  itself.  Then  the  positive  current  circu. 
lates  in  the  direction  shown  by  th^  arrows. 
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Iiuiead  of  a  {Niir  of  plates  being  soldered  to-  Fig.  3. 

gether,  they  may  be  connected  by  a  wire,  and 
plunged  into  separate  cells,  a  e,  6  e,  figure  3,  in 
which  d  e  acts  as  a  partition ;  provided  the  positive 
current  issuing  from  the  zinc  plate  x,  is  conveyed 
by  a  wire,  f  g  ^iy  or  some  conducting  medium, 
into  the  cell,  6  e,  in  which  the  copper-plate,  e,  is 
immersed. 

A  simple  voltaic  circle  may  be  formed  of  one 
metal  and  two  liquids,  provided  the  liquids  are 
sach  that  a  stronger  chemical  action  is  induced  on  one  side  Fig.  4. 

than  on  the  other.  Thus,  on  cementing  a  plate  of  zinc,  x, 
into  a  box,  figure  4,  and  putting  a  solution  of  salt  into  the 
cell,  b  b^j  and  dilate  nitric  acid  into  the  cell,  a  a\  a  positive 
current  will  be  excited  in  the  direction  of  tho  arrows,  pro- 
vided the  circuit  be  completed  by  a  wire,  a  6,  attached  to 
the  metallic  sides  of  the  box,  or  dipped  into  the  liquid  of 
the  cells.  Nay,  the  same  acid  solution  may  occupy  both 
cells,  provided  some  condition  be  introduced  which  shall 
cause  one  side  of  the  zinc  to  be  more  rapidly  dissolved  than  the  other ;  as  by 
the  plate  being  rough  on  one  side  and  polished  on  the  other,  or  by  the  add 
being  hot  in  one  cell  and  cold  in  the  other.  In  this  case,  however,  the  r^ 
suit  is  the  same  as  though  two  different  liquids  were  used.  .v 

An  interesting  kind  of  simple  voltaic  circle  is  afforded  by  commercial  zioe. 
This  metal,  as  sold  in  the  shops,  contains  traces  of  tin  and  lead,  with  rather 
more  than  one  per  cent  of  iron,  which  is  mechanically  diffused  through  its 
substance :  on  immersion  in  dilute  sulphuric  acid,  these  small  partioes  of 
iron  and  the  adjacent  zinc  form  numerous  voltaic  circles,  transmitting  their 
currents  through  the  acid  which  moistens  them,  and  disengaging  a  large 
qoantity  of  hydrogen  gas.  Pure  distilled  zinc  is  very  slowly  acted  on  by 
dilute  sulphuric  acid  of  sp.  gr.  ranging  from  1.068  to  1.215 ;  but  if  fused 
with  about  2  per  cent,  or  rather  less,  of  iron  filings,  it  is  as  readily  dissolved 
as  commercial  zinc.  In  like  manner,  pare  iron  or  steel  is  less  readily  acted 
on  by  dilate  sulphuric  acid  than  the  same  substances  after  fusion  with 
small  quantities  of  platinum  or  silver.  Mr.  Sturgeon  has  remarked  that 
commercial  zinc,  with  its  surface  amalgamated,  which  may  be  done  by  dip- 
ping a  zinc  plate  into  nitric  acid  diluted  with  two  or  tnreo  parts  of  water, 
ana  then  rubbing  it  with  mercury,  resists  the  action  of  dilate  acid  folly  as 
well  as  the  purest  zinc.  This  fact,  of  which  Faraday  in  his  late  rosearches 
has  made  excellent  use,  appears  due  to  the  mercury  bringing  the  sur&ce  of 
the  zinc  to  a  state  of  perfect  uniformity,  preventing  those  differences  be- 
tween  one  spot  and  another,  which  are  essential  to  the  production  of  minute 
currents;  one  part  has  the  same  tendency  to  combine  with  electricity  as  an- 
other, and  cannot  act  as  a  discharger  to  it  (Faraday). 

While  the  current  formed  by  the  contact  of  two  metals  gives  increased  effect 
to  the  affinity  of  <me  of  them  for  some  element  of  the  solution,  the  ability  of 
the  other  metal  to  undergo  the  same  change  is  proportionally  diminished. 
Thus,  when  plates  of  zinc  and  copper  touch  each  other  in  dilute  acid,  the 
zioc  oxidizes  more,  and  the  copper  less,  rapidly  than  without  contact  This 
principle  was  beautifully  exemplified  by  the  attempt  of  Duvj  to  preserve 
the  copper  sheathing  of^  ships.  A  sheet  of  copper  immersed  in  sea-water, 
or  a  solution  of  chloride  of  sodium,  in  an  open  vessel,  undergoes  rapid  cor- 
rosion ;  and  a  green  powder  commonly  termed  submuriate  of  copper,  but 
which  is  really  an  oxy-chloride,  is  formed :  atmospheric  oxygen  dissolved  in 
sea-water  unites  both  with  copper  and  sodium,  the  latter  yields  its  chlorine 
to  another  portion  of  copper,  and  the  oxide  and  chloride  of  copper  unite. 
But  if  the  copper  be  in  contact  with  zinc,  or  some  metal  more  electro-posi. 
tive  than  itself,  the  zinc  undergoes  the  same  change  as  the  copper  did,  and 
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the  latter  b  preserved.    Davy  found  that  the  quantity  of  Kinc  required  thus 

to  form  an  efficient  Toltaic  circle  with  copper  was  very  smaU.    A  piece  of 

zinc  as  large  aA  a  pen,  or  the  head  of  a  small  round  nail,  was  found  fuJl^ 

adequate  to  preserve  40  or  50  square  inches  of  copper;  and  this  wherever  it 

was  placed ;  whether  at  the  top,  bottom,  or  middle  of  the  sheet  of  copper, 

or  under  whatever  form  it  was  used.    And  when  the  connexion  between 

diflferent  pieces  of  copper  was  completed  by  wires,  or  thin  laments  of  the 

40th  or  50th  of  an  inch  in  diameter,  the  effect  was  the  same ;  everv  ude,     - 

cverv  surface,  every  particle  of  the  copper  remained  bright,  whilst  the  irao 

or  the  zinc  was  slowly  corroded.    Sheets  of  copper  defended  by  1-40  to 

l-lOOOth  part  of  their  sur&ce  of  zinc,  malleable  and  cast  iron,  were  eitpoeed 

during  many  weeks  to  the  flow  of  the  tide  in  Portsmouth  harbour,  and  their 

weight  ascertained  before  and  aflcr  the  experiment    When  the  metallic 

protector  was  from  l^Oth  to  l-150th,  there  was  no  corrosion  nor  decay  of 

the  copper;  with  smaller  quantities,  such  as  l-200th  to  1.460th,  the  copper 

underwent  a  loss  of  weight  which  was  greater  in  proportion  as  the  protector 

was  smaller ;  and  as  a  proof  of  the  universality  of  the  principle,  it  was 

found  that  even  1 -1000th  part  of  cast-iron  saved  a  certain  proportion  of  the 

copper  (Phil.  Trans.  1824), 

Unhappily,  for  the  application  of  this  principle  in  practice,  it  is  found  that 
unless  a  certain  degree  of  corrosion  takes  place  in  the  copper,  its  surface 
becomes  foul  from  the  adhesion  of  sea-weeds  and  shcll-fish.  The  oxy-chlo- 
lide  of  copper,  formed  when  the  sheathing  is  unprotected,  is  probably  injn^ 
rious  to  these  plants  and  animals,  and  thus  preserves  the  copper  free  from 
foreign  bodies. 

Simple  voltaic  circles  may  be  formed  of  very  various  materials;  but  the 
combinations  usually  employed  consist  either  of  two  perfect  and  one  imper- 
fect conductor  of  electricity,  or  of  one  perfect  and  two  imperfect  conductors. 
The  substances  included  under  the  title  of  perfect  conductors  are  metals 
and  charcoal,  and  the  imperfect  conductors  are  water  and  aqueous  solutions. 
It  is  essenlial  to  the  operation  of  the  first  kind  of  circle,  that  the  imperfect 
.  conductor  act  chemically  on  one  of  the  metals ;  and  in  case  of  its  attacking 
both,  the  action  must  be  greater  on  one  metal  than  on  the  other.  It  b  also 
lound  generally,  if  not  universally,  that  the  metal  most  attacked  is  positive 
with  respect  to  the  other,  or  bears  to  it  the  same  relation  as  zinc  to  copper 
in  fig-ures  1, 2,  and  3.  Davy,  in  his  Bakerian  lecture  for  1826  (PhiL  Trans.), 
gave  the  following  list  of  the  first  kind  of  arrangements^  the  imperfect  con- 
ductor being  either  the  common  acids,  alkaline  solutions,  or  solutions  of 
metallic  sulphurets,  such  as  sulphuret  of  potassium.  The  metal  first  men- 
tioned is  positive  to  those  standing  afler  it  in  the  series. 

With  common  aeid$, — Potassium  and  its  amalgams,  barium  and  its 
amalgams,  amalgam  of  zinc,  cadmium,  tin,  iron,  bismuth,  antimony,  lead, 
copper,  silver,  palladium,  tellurium,  gold,  charcoal,  platinum,  iridium,  rho- 
dium. 

WUh  alkaline  ooUuiona. — ^The  alkaligenoua  metals  and  their  amaJgams, 
zinc,  tin,  lead,  copper,  iron,  silver,  pallidum,  gold,  and  platinum. 

With  sciutiotiM  of  metallic  8ulphuret8, — Zinc,  tin,  copper,  iron,  bismuth, 
silver,  platinum,  paHadium,  gold,  charcoal. 

Mr.  Faraday  has  shown  that  the  presence  of  water  is  not  essential.  A 
battery  may  be  composed  of  other  liquid  compounds,  such  as  a  fused 
metallic  ehl«ride,  iodide,  or  fluoride,  provided  it  is  decomposable  by  cralvan- 
ism,  and  acts  chemically  on  one  metal  of  the  circle  more  powerful^  than 
on  the  other. 

The  following  table  of  voltaic  circles  of  the  second  kind  is  from  Davy^s 
Elements  of  Chemical  Philosophy : — 
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SoIutioQ  of  sulphuret  of  potassium 
potassa 


Copper 

Nitric  acid 

Silver 

Sulphuric  acid 

Lead 

Hydrochloric  acid 

Tin 

Any  solutions  con- 

Zinc 

Udiiing  acid. 

Other  metals 

Charcoal 

The  most  energetic  of  these  combinations  is  that  in  vhich  the  metal  is 
chemically  attacked  on  one  side  by  sulphuret  of  potassium,  and  on  the  other 
by  an  acid.     The  experiment  may  be  made  by  pouring  dilute  nitric  acid 
into  a  cup  of  copper  or  silver,  which  stands  in  another  vessel  containing 
sulphuret  oF  potassium.    The  following  arrangements  may  also  be  employ- 
ed : — ^Let  two  pieces  of  thick  flannel  be  moistened,  one  with  dilute  acid  and 
the  other  with  tho  sulphuret,  and  then  placed  on  opposite  aides  of  a  plate  of 
copper,  completing  the  circuit  by  touching  each  piece  of  flannel  with  a  cta^ 
ducting  wire :  or,  take  two  discs  of  copper,  each  with  its  appropriate  wirot 
immerse  one  disc  into  a  glass  filled  with  dilute  acid,  and  the  other  into  a 
separate  iflass  with  alkaline  solution,  and  connect  the  two  vessels  by  a  few 
threads  of  amianthus  or  cotton  moistened  with  a  solution  of  salt,    A  simi* 
lar  combyiation  may  be  disposed  in  this  order :  let  one  disc  of  copper  be 
placed  on  a  piece  of  glass  or  dry  wood ;  on  its  upper  surface  lay  in  succes- 
sion three  pieces  of  flannel,  the  first  moistened  with  dilute  acid,  the  second 
with  solution  of  salt,  and  the  third  with  sulphuret  of  potassium,  and  then 
cover  the  last  with  the  other  disc  of  copper. 

Metallic  bodies  are  not  essential  to  the  production  of  galvanic  phenomft> 
na.  Combinations  have  been  made  with  layers  of  charcoal  and  plumbago, 
of  slices  of  muscle  and  brain,  and  beet-root  and  wood;  but  the  force  of  these 
circles,  though  accumulated  by  the  union  of  numerous  pairs,  is  extremely 
feeble,  and  they  are  very  rarely  employed  in  practice. 

Of  the  simple  voltaic  circles  above  described,  the  only  one  used  for  ordi- 
nary purposes  is  that  composed  of  a  pair  of  zinc  and  copper  plates  excited 
by  an  acid  solution  arranged  as  in  figure  1.  The  form  and  size  of  the  ap> 
paratus  are  exceedingly  various.  Instead  of  actually  immersing  the  plates 
in  the  solution,  a  piece  of  moistened  cloth  may  be  placed  between  ttiem. 
Sometimes  the  copper  plate  is  made  into  a  cup  ror  con-  Fig.  5. 

taining  the  liquid,  and  the  zinc  is  fixed  between  its  two  \^_^._^  ^-^_^0 
■ides,  as  shown  by  the  accompanying  transverse  verti- 
cal secUon,  figure  5;  care  being  taken  to  avoid  actual 
contact  between  the  plates,  by  interpoeinf  pieces  of 
wood,  cork,  or  other  imperfect  conductor  of  electricity. 
Another  contrivance,  which  is  much  more  convenient, 
because  the  zinc  may  be  removed  at  will  and  have  its 
surface  cleaned,  is  that  represented  by  the  annexed 
wood-cuL  (Fig.  6.)  C  is  a  cup  made  with  two  cylinders  of  sheet  copper, 
of  unequal  size,  placed  one  within  the  Fig.  0. 

other,  and  soldered  together  at  bottom,  ^^ 

8o  as  to  leave  an  intermediate  space 
a  a  a,  for  containing  the  zinc  cylinder 
X  and  the  acid  solution.  The  small 
copper  cups  6  6  are  useful  appendages; 
for  by  filling  them  with  mercury,  and 
inserting  the  ends  of  a  wire,  the  vol- 
taic circuit  may  be  closed  or  broken 
with  ease  and  expedition.  Thb  appa- 
ratus is  very  serviceable  in  experiments^ 
on  electro-magnetism.  . 

Another  kind  of  circle  may  be  formed  by  coUing  a  sheet  of  zmc  and  cop- 
per round  each  oUier,  so  that  each  surface  of  the  zinc  may  be  opposed  to  one 
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copper,  and  separated  firom  it  by  a  small  interval.  The  London  Institution 
possesses  a  very  larrc  apparatus  of  this  sort,  made  under  the  direction  of  Mr. 
repys,  each  plate  of  which  is  60  feet  long  and  two  wide.  The  plates  are 
prevented  from  coming  into  actual  contact  by  interposed  ropes  of  horsehair ; 
and  tlie  coil,  when  used,  is  lifled  by  ropes  and  pulleys,  and  let  down  into  a 
tub  containing  dilute  acid.  The  contrivance  of  opposing  one  large  connect- 
ed  surface  of  zinc  to  a  similar  surikce  of  copper,  originated  with  Dr.  Hare  of 
Philadelphia,  who,  from  its  surprising  power  of  igniting  metals,  gave  it  the 
name  of  Calorimotor, 

Compound  VoUaic  Circlet. — ^This  expression  is  applied  to  voltaic  arrange, 
ments  which  consist  of  a  series  of  simple  circles.  The  first  combinations  of 
the  kind  were  described  by  Yolta,  and  are  now  well  known  under  the  names 
of  voltaic  pile  and  crown  of  cups.  The  voltaic  pile  is  made  by  placing  pairs 
of  zinc  and  copper,  or  zinc  and  silver  plates,  one  above  the  other,  as  shown 
in  figure  7,  each  pair  separated  from  those  adjoining  by  pieces  pjg.  7. 
of  cloth,  rather  smaller  than  the  plates,  and  moistened  with  a 
saturated  solution  of  salL  The  relative  position  of  the  metals 
in  each  pair  must  be  the  same  in  the  whole  peries;  that  is,  if 
the  zinc  be  placed  below  the  copper  in  the  first  pair,  the  same 
order  should  be  observed  in  all  the  others.  Without  such  pre- 
caution  the  apparatus  would  give  rise  to  opposite  currents, 
which  would  neutralize  each  other  more  or  less  according  to 
their  relative  forces.  The  pile,  which  may  consist  of  any  con- 
venient number  of  combinations,  should  be  contained  in  a 
frame  formed  of  glass  pillars  fixed  into  a  piece  of  thick  dry 
wood,  by  which  it  is  both  supported  and  insulated.  Any  num- 
ber of  these  piles  may  be  made  to  act  in  concert  by  establish, 
ing  metallic  communication  between  the  positive  extremity  of  each  pile  and 
the  negative  extremity  of  the  pile  immediately  following. 

The  voltaic  pile  is  now  rarely  employed,  because  we  possess  other  modes 
of  forming  galvanic  combinations  which  are  far  more  powerful  and  conve- 
nient The  galvanic  battery  proposed  by  Mr.  Cruickshank,  consists  of  a 
trough  of  baked  wood,  about  30  inches  long,  in  which  are  placed  at  equal 
distuices  50  pairs  of  zinc  and  copper  plates  previously  soldered  together,  and 
so  arranged  that  the  same  metal  shall  always  be  on  the  same  side.  Each 
pair  is  fixed  in  a  groove  cut  in  the  sides  and  hot-  Fig.  a 

tom  of  the  box,  the  points  of  junction  being  made 
water-tight  by  cement.  The  apparatus  thus  con- 
structed is  always  ready  for  use,  and  is  brought 
into  action  by  filling  the  cells  left  between  the 
pairs  of  plates  with  some  convenient  solution, 
which  serves  the  same  purpose  as  the  moistened 
cloth  in  the  pile  of  Volta.  By  means  of  the  ac 
companying  wood-cut  the  mode  in  which  the 
plates  are  arranged  will  easily  be  understood.  |         334        1 

Other  modes  of  combination  are  now  in  use,  ^lich  facilitate  the  employ- 
ment of  the  voltaic  apparatus  and  increase  its 
energy.     Most  of  these  may  be  regarded  as  *"•*■  *^- 

modifications  of  the  crowi^  of  cups.  In  this  ap-  ~ 

paratus  the  exciting  solution  is  contained  in 
separate  cups  or  glasses,  disposed  circularly  ' 
or  in  a  line:  eacn  glass  contains  a  pair  of 
plates ;  and  each  zinc  plate  is  attached  to  the 
copper  of  the  next  pair  by  a  metallic  wire,  as 
represented  in  figure  9.  Instead  of  glasses,  it 
is  more  convenient  in  practice  to  employ  a 
trough  of  baked  wood  or  glazed  earthenware,  divided  into  separate  cells 
by  partitions  of  the  same  material;  and  in  order  that  the  plates  may  be  im- 
mersed into  and  taken  out  of  the  liquid  conveniently  and  at  the  same  moment, 
they  are  all  attached  to  a  bar  of  dry  wood,  the  necessary  connexion  between 
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the  line  of  one  oell  and  tba  copper  of  tlw  ft^ininf  Fig.  10. 

one  being  aocompliahed,  u  tiiiwa  in  figiife  10,  bj     ^  .    ^    ^    x   a    ^ 
a  «iip  or  wire  of  oopper.  ^BJWMW^  ■ 

A  material  improvement  in  the  foregoiiw  ap|Nu      ^BHHHH 
ratUB  waa  auf^ested  by  Dr.  WoUaston  (Au.  Chil-      HHH^^V 
dren's  Essay  in  PhiL  Tnuis.  for  1815),  who  reeom-      ^^^^^wt^ 
mended  that  each  cell  ahould  contain  one  fine  and 
two  oopper  plates,  so  that  both  surfiuses  of  the  for-        ^_— ___---— -, 
mer  metal  might  be  opposed  to  one  of  the  kiter.      jffSPB^^BSJ 
The  two  copper  plates  communicate  with  each  ||JiHHHhH||^H 
other,  and  the  zinc  between  them  with  the  copper     |l|li|lflM|H 
of  the  adjoining  celL    An  increase  of  one-half  the  ||||li|jhiil!llirl1llHM^ 
power  is  said  to  be  obtained  by.  this  method. 

A  variation  of  this  contrivance,  which  appears  to  me  advantageonsi  haa 
been  suggested  by  Mr.  Hart  of  Glaigow^who  proposes  to  have  the  double 
copper  [dates  of  the  preceding  battery  made  with  aides  and  bottoms,  so  thal^ 
as  in  figure  5,  they  may  contain  the  exciting  liquid.  7^  plates  are  attached, 
as  in  figure  10,  to  a  bar  of  wood,  and  supported  above  the  ground  by  vertical 
oduoms  of  the  same  material,  by  whicah  they  are  insnlaled.  The  eells  are 
filled  by  dipping  the  whole  battery  into  a  trough  of  the  aame  form,  lull  of  the 
exciting  liquid.    (Brewster's  Journal,  iv.  19.) 

The  sne  and  number  of  the  plates  may  be  varied  at  plsarare.  The  largest 
battery  ever  made  is  that  of  Mr.  Children,  described  in  the  essay  above  i^ 
fenedtOftheplatesof  which  were  six  foet  long,  and  two  :foit  eight  inches 
broad.  The  common  and  most  convenient  sise  for  the  plates  is  foetfor  cix 
inches  square;  and  when  great  power  is  reqeiied,  amwiber  of-diflferent  bat- 
teries are  united  by  estabUsbing  metallic  communication  between  the  posi* 
tive  extremity  or  pole  of  one  battery  and  the  negative  pole  of  thfiJb^yoi&iBg 
one.  A  very  effective  battery  was  described  ^  I>r<  Hare  under  the  name 
of  the  Deflagrator^  which  consisted  of  80  ane  i^tea,  9  inehes  bgr  6  in  siaB, 
and  80  copper  plates,  14  inches  by  €,  eoUed  together,  and  so  emmeeted  that 
the  whole  could  be  immemed  into  the  exciting  liquidi  or  lemoeed  from  it,aft 
the  same  instant  (An.  of  PhiL  xvii.  339).  The  great  baMery  of  the  BA^tal 
Institution,  with  which  Davy  made  his  oelebrateddisooveryof  tlM-compewtd 
nature  tsi  the  alkalies,  was  composed  of  2000  pairs  of  pUles,  eaiihipiate  having 
38  square  inches  of  snrfoce.  It  is  now  recognised,  however,  that  such  laige 
compound  batteries  are  by  no  means  necessary.  Increasing  the  number  of 
phites  beyond  a  very  moderate  limit  gives,  for  most  purposes,  no  proportion- 
ate increase  of  power ;  so  that  a  battery  of  50  or  100  pair  of  plates,  thrown 
into  vigorous  action,  will  be  just  as  effective  as  one  of  far  greater  extent 

The  ekctricfl  condition  of  compound  voltaic  arrangements  is  similar  to  that 
of  the  simplo  eirole.  In  the  broken  circuit  no  electric  current  can  be  traced ; 
but  in  the  closed  circuit,  that  is,  when  the  wires  from  the  opposite  ends  of  the 
battery  are  in  contact,  the  j^alvanometer  indicates  a  positive  electric  current 
through  tiie  battery  itself  and  along  the  wires,  as  shown  by  the  arrows  in 
figures  8  and  9.  The  direction  of  the  current  appears  at  first  view  to  be 
diiSerent  irom  that  of  the  simple  circle ;  since  in  the  latter  the  positive  elec- 
tric current  flows  from  the  zinc  through  the  liquid  to  the  copper,  while  in 
the  compound  circle  its  direction  is  from  the  extreme  copper  through  the 
battery  to  the  extreme  zinc  plate.  This  apparent  difference  arises  from  the 
compound  circle  being  usually  terminated  by  two  superfluous  plates.  The 
extreme  oopper  and  extreme  zinc  plate  of  figure  8  are  not  in  contact  with  the 
exciting  fluid,  and  therefore  contribute  nothing  to  the  galvanic  action :  re. 
moving  these  superfluous  plates,  which  are  solely  conductors,  there  will  re- 
main  four  simple  circles,  namely,  the  3  pair  of  soldered  plates  marked  2,  3, 
4,  which  act  as  in  figure  2,  and  the  then  extreme  plates,  1, 1,  which  are  related  > 
to  each  other  as  the  plates  in  fig.  1.  When  thus  arranged,  the  direction  of 
the  current  will  be  seen  to  correspond  with  that  of  the  simple  circle. 
During  the  action  of  a  simple  circle,  as  of  zinc  and  copper,  excited  by  di- 
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late  sulphuric  acid,  all  of  tho  hydrogen  developed  in  the  voltaic  process  is 
evolved  at  the  surface  of  the  copper.  This  fact  is  not  apparent  when  com- 
mon Kinc  plates  are  used,  owingr  to  the  numerous  currents  which  form  on  the 
surface  of  the  zinc  (page  89) ;  but  when  a  plate  of  amalgamated  zinc  and 
another  of  platinum  are  introduced  into  dilute  sulphuric  acid  of  sp.  gr.  1.068 
or  a  little  higher,  no  gas  whatever  appears  until  contact  between  the  plates 
is  made,  and  then  hydrogen  gas  rises  solely  from  tho  platinum,  while  zinc 
is  tranquilly  dissolved.  On  weighing  the  amalgamated  plate  before  and 
after  the  action  has  continued  for  half  an  hour  or  an  hour,  and  collect- 
ing the  hydrogen  gas  evolved  during  that  interval,  the  weight  of  the  hydro- 
gen  set  free  and  of  zinc  dissolved  will  be  as  1  to  32.3,  being  the  ratio  of  their 
chemical  equivalents.  Mr.  Faraday,  who  has  lately  proved  this,  has  also 
shown  that  in  a  compound  voltaic  circle,  say  of  10  amalgamated  zinc  plates 
and  10  of  platinum,  each  of  the  former  during  a  given  period  of  action  loses 
exactly  tlie  same  weight,  and  from  each  of  toe  latter  an  equivalent  quantity 
of  hydrogen  gas  is  evolved.  This  separation  of  one  ingredient  of  the  excit- 
ing solution  at  one  plate,  while  the  element  previously  combined  with  it 
unites  witli  the  other  plate,  seems  essential  to  voltaic  action.  It  is  in  some 
way  connected  with  the  passage  of  the  current  across  the  excitin|r  liquid. 
Oxygen  in  a  free  state  may,  by  oxidizing  zinc,  cause  electric  excitement ; 
but  the  voltaic  current  is  not  established,  unless  the  oxygen  formed  part  of 
a  previous  liquid  compound  in  contact  or  communication  with  both  the 
plates. 

Among  the  different  kinds  of  voltaic  apparatus  is  usually  placed  the  elec- 
tric column  of  De  Luc,  which  is  formed  of  successive  pairs  of  silver  and 
zinc,  or  silver  and  Dutch-metal  leaf,  separated  by  pieces  of  paper,  arranged 
as  in  a  voltaic  pile.  It  is  remarkable  for  its  power  of  exhibiting  attractions 
and  repulsions  like  common  electricity,  but  cannot  produce  chemical  decom- 
position or  any  of  the  effects  most  characteristic  of  a  voltaic  current,  and  is 
rather  an  electrical  than  a  voltaic  instrument  It  is  quoted  as  a  proof  of  elec- 
tric development  by  contact,  since  it  will  continue  in  action  for  years  with^ 
out  being  cleaned  or  taken  to  pieces.  True  it  is  that  the  more  oxidable 
metal  of  the  column  is  slowly  corroded,  and  that  no  electricity  is  excited 
when  the  paper  is  quite  or  nearly  free  from  hygrometric  moisture,  the  pre- 
sence of  which  is  necessary  to  the  oxidation  of  the  zinc  and  copper ;  but  at 
the  same  time  the  quantity  of  electricity  excited  seems  so  disproportioned 
to  the  corrosion,  that  the  one  can  scarcely  be  assigned  as  the  cause  of  tht 
other. 

THEORIES  OF  GALVANISM. 

Of  the  theories  proposed  to  account  for  the  development  of  electricity  in 
▼oltaic  combinations,  three  in  particular  have  attracted  the  notice  of  philoso- 
phers. The  first  originated  with  Volta,  who  conceived  that  electricity  is  set 
m  motion,  and  the  supply  kept  up,  solely  by  contact  or  commnnicalion  be- 
tween the  metals  (page  87).  He  regarded  the  interposed  solutions  merely 
as  conductors,  by  means  of  which  the  electricity  developed  by  each  pair  of 
plates  is  conveyed  from  one  part  of  tlie  apparatus  to  the  other.  Thus,  in  the 
pile  or  ordinary  battery,  represented  by  the  following  series, 

3  2  1 


-f-     zinc  copper     fluid     zinc  copper     fluid     zinc  copper    — 

Volta  considered  that  contact  between  the  metals  occasions  the  zinc  in  each 
pair  to  be  positive,  and  the  corresponding  copper  plate  to  be  negative ;  that 
the  positive  zinc  in  each  pair  except  the  last,  being  separated  by  an  interven- 
ing stratum  of  liquid  from  the  negative  copper  of  the  following  pair,  yields 
to  it  its  excess  of  electricity ;  and  that  in  this  way  each  zinc  plate  communi- 
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cftlM,  not  only  the  electricity  developed  by  its  own  contact  witli  copper,  bat 
aleo  that  which  it  had  received  from  the  pair  of  plates  immediately  before  it^ 
Tbos,  in  the  three  pairs  of  plates  contained  in  brackets,  the  second  pair  re- 
ceives electricity  from  the  first  only,  while  the  third  pair  draws  a  supply 
from  the  first  and  second.  Hence  electricity  is  most  freely  accumulate  at 
one  end  of  the  battery,  and  is  proportionally  deficient  at  the  opposite  extre- 
mity* The  intensity  is,  therefore,  greatest  in  the  extreme  pairs,  gradually 
diminishes  in  approaching  the  centre,  and  the  central  pair  itself  is  neither 
positively  nor  negatively  excited.  In  batteries  constructed  on  the  principle 
of  the  crown  of  cups  (fi^.  9),  the  eleetrihtnotuni,  as  Volta  called  it,  is  ascribed 
to  metallic  communication  between  tlie  zinc  of  one  glass  and  the  copper  of 
the  adjoining  one. 

The  second  is  the  chemical  theory,  proposed  by  WoUaston.  Volta  attached 
little  importance  to  the  chemical  changes  which  never  fail  to  occur  in  every 
voltaic  circle,  whether  simple  or  compound,  considering  them  as  casual  or 
noeesential  phenomena,  and  therefore  neglected  them  in  the  construction  of 
his  theory.  The  constancy  of  their  occurrence,  however,  soon  attracted  no- 
tice. In  the  earlier  discussions  on  the  cause  of  spasmodic  movements  in  the 
frog  (page  87),  Fabroni  contended,  in  opposition  to  Volta,  that  the  effect  was 
not  owing  to  electricity  at  all,  but  to  the  stimulus  of  the  metallic  oxide  form- 
ed, or  of  the  heat  evolved  during  its  production.  More  extended  researches 
■oon  proved  the  fallacy  of  this  doctrine;  but  Fabroni  made  a  most  ingenious 
use  of  the  facts  within  his  knowledge,  and  paved  the  way  to  the  chemical 
theory  of  WoUaston. 

The  late  Dr.  WoUaston,  fully  admitting  electricity  as  the  voltaic  agent, 
assigned  chemical  action  as  the  cause  by  which  it  is  excited.  The  repeti- 
tion and  extension  of  VoIta*s  experiments  by  the  English  chemists,  speedUy 
detected  the  error  he  had  committed  in  overlooking  the  chemical  phenomena 
which  occur  within  the  pile.  It  was  observed  that  no  sensible  effects  are  pro- 
duced by  a  combination  of  conductors  which  do  not  act  chemically  on  each 
other;  that  the  action  of  the  pUe  is  always  accompanied  by  the  oxidation  of 
the  zinc ;  and  that  the  energy  of  the  pile  in  general  is  proportional  to  the 
activity  with  which  its  plates  are  corroded.  Observations  of  this  nature  in- 
daoed  WoUaston  to  conclude  that  the  process  begins  with  the  oxidation  of 
the  zinc, — ^that  oxidation,  or  in  other  terms,  chemical  action  was  the  primary 
cause  of  the  development  of  electricity, — that  the  fluid  of  the  circle  served 
both  to  oxidize  the  zinc  and  to  conduct  the  electricity  which  was  excited,-— 
and  that  contact  between  the  plates  served  only  to  conduct  electricity,  and 
thereby  complete  the  circuit. 

The  third  theory  of  the  pile  was  proposed  by  Davy,  and  is  intermediate 
between  the  two  former.  He  adduced  many  experiments  in  support  of  the 
&ct  originally  stated  by  Volta,  that  the  electric  equilibrium  is  disturbed  by 
the  contact  of  difierent  substances,  without  any  chemical  action  taking  place 
between  (hem.  He  acknowledged,  however,  with  WoUaston,  that  the  che- 
mical changes  contribute  to  the  general  result;  and  he  maintained  that, 
though  not  the  primary  movers  of  the  electric  current*  they  are  essential  to 
the  continued  and  energetic  action  of  every  voltaic  circle.  The  electric  ex- 
citement was  begun,  he  thought,  by  metallic  contact,  and  maintained  by 
chemical  action. 

The  progress  of  inquiry  since  these  theories  first  came  into  notice,  has 
gradually  given  more  and  more  support  to  the  views  of  WoUaston,  and  has 
at  last,  I  apprehend,  establisbed  it  to  the  entire  exclusion  of  the  theory  of 
Volta.  The  very  fundamental  position,  that  electricity  is  excitable  as  a  pri- 
mary result  by  the  contact  of  different  substances,  is  warmly  contested,  and, 
as  some  think  with  strong  reason,  has  been  disproved  (pa^e  76) ;  but  admit- 
tmg,  for  the  sake  of  argument,  that  a  email  effect,  which  is  all  that  can  now 
be  contended  for,  may  thus  be  produced,  it  is  altogether  insignificant  when 
contrasted  with  the  astonishing  phenomena  exhibited  by  a  voltaic  circle.  The 
experiments  of  A.  De  la  Rive,  in  reference  to  this  question,  appear  irreoon- 
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eiUbfe  with  tho  theory  of  Volta  (An.  de  Ch.  et  de  Ph.  xzxviiL  325).  Thif 
ingenioitt  phikaopbnr  oontenda  that  Uie  direction  of  a  volteic  current  is  not 
determined  br  metallic  contact,  nor  even  by  the  nature  of  the  metala  rela- 
tively to  each  other,  bnt  by  their  chemicid  relation  to  the  exciting  liquid. 
Am  the  reault  of  hie  inquiries  he  states,  that  of  two  metals  composing  a  yoU 
taio  circle,  that  one  which  is  most  energetically  attacked  will  be  positive 
with  respect  to  the  other.  Thus,  when  tin  and  copper  are  placed  in  acid  so* 
lutions,  the  former,  which  is  most  rapidly  corroded,  ffives  a  positive  current 
through  the  liquid  to  the  copper,  as  the  nnc  does  in  the  circle  in  fig.  1 ;  but, 
if  thoy  are  put  into  a  solution  of  ammonia,  which  acts  moat  on  the  copper, 
the  direction  of  the  current  will  boTeversed.  Copper  is  positive  in  relation 
to  lead  in  strong  nitric  acid,  which  oxidizes  the  former  most  ftoely ;  whereas 
in  dilute  nitric  acid,  by  which  the  lead  is  roost  rapidly  dissolved,  the  lead  is 
positive.  Even  two  plates  of  copper  immersed  in  solutions  of  the  same  acid, 
but  of  different  strength,  will  form  a  voltaic  circle*  the  plate  on  which  che- 
mical action  is  most  me  giving  a  current  of  positive  electricity  to  the  other : 
nay,  it  is  possible  to  oonstroct  a  compound  circle  solely  with  zinc  plates  and 
one  acid  solution  (page  89),  provided  the  same  side  oif  each  plate  be  more 
rapidly  oxidized  than  Uie  other. 

Conclusive  evidence  against  the  theory  of  Volta  has  v«iy  recently  been 
obtained  by  Faraday.  And  here,  to  prevent  repetition  and  frequent  referenoe, 
I  m^y  at  once  state  that  the  Philosophical  Transactions  for  1833  and  1834 
contain  a  succession  of  essays  on  voltaic  electricity  from  the  pen  of  Mr.  Fa- 
raday,  in  which  numerous  errors  have  been  exposed  and  new  views  of  deep 
interest  established.  It  is  much  to  affirm,  but  not  more,  I  conceive,  than  is 
strictly  true,  that  these  researches,  whether  viewed  in  referenoe  to  their  in- 
trinsic  value  to  science,  or  to  the  energy  and  talent  diipiayed  by  the  author, 
are  ei|ual  to  any  of  hia  most  successful  contributions.  In  respect  to  the  present 
question,  Faraday  proves  metallic  contact  not  to  be  essential  to  voltaic  action, 
by  procuring  that  action  quite  charactoristiodly  without  con-  Fig.  ll. 
tact  A  phte  of  zinc,  a,  ng.  11,  about  6  inches  long  by  j|  an 
inch  wide,  was  cleaned  and  bent  at  a  right  angle :  and  a 
plate  of  platinum,  of  the  same  width  and  3  inches  long,  was 
soldered  to  a  platinum  wire,  6  s  x,  the  point  of  which,  x, 
rested  on  a  pieoe  of  bibulous  paper  lying  upon  the  zinc,  and 
moistened  with  a  solution  of  iodide  of  potassiuin.  On  intra* 
ducin^  the  plates  into  a  vessel,  e,  611ed  with  dilute  sulphuric 
and  mtric  acid,  a  positive  electric  current  instantly  ensued 
in  the  direction  of  the  arrow,  as  testified  by  the  hydrogen 
evolved  at  the  plate  a,  by  the  decomposed  iodide  of  potss. 
aium,  and  by  a  galvanometer.  We  have  thus  a  simple 
cirde  of  the  same  construction  and  action  as  in  figure  1,  ex- 
oept  in  the  absence  of  metallic  contact  

Another  proofs  aptly  cited  by  Faraday,  of  electric  excitement  being^indc- 
pendent  of  contact,  is  afforded  by  the  spark  which  appears,  when  the  wire* 
of  a  pair  of  plates  in  vigorous  action  are  brought  into  contact  Tho  spark  is 
occasioned  by  the  passage  of  electricity  across  a  thin  stratum  of  air,  and, 
therefore,  its  production  proves  that  electro.mntion  really  occurred  while  the 
wires  were  yet  separated  by  a  thin  stratum  of  air,  which  permitted  the  elec- 
tric current  to  pass,  and  anterior  to  their  actual  contact 

The  arrangement  of  figure  11,  however,  though  good  for  establishing  a  prin- 
ciple,  u  not  adapted  for  ordinary  practice.  The  moist  paper  at  a;  is  a  much  less 
perfect  conductor  than  a  metal,  and  thus  obstructs  the  passage  of  the  current; 
nay,  it  does  more,  for  it  tends  to  establish  an  opposite  current  in  ftct,  on  remov- 
ing the  dilute  add  from  e,  and  putting  the  zinc  plate,  a,  in  contact  with  the  plate 
of  platinum,  an  ordinary  simple  circle  would  be  formed,  in  which  a  positive 
current  would  flow  from  the  zinc  at  x  through  the  solution  to  and  along  the  wire 
X  9h,  This  current,  in  Faraday's  experiment  was  so  feeble  compared  with 
the  one  excited  by  the  add  sdution,  that  its  influence  was  scarcely  appre-^ 
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daUe;  but  if  the  opposed  correntB  bad  boen  of  the  nme  Ibroe,  no  action 

wooid  have  ensued.    To  illoatrate  this  still  fur-  Fif .  is. 

ther,  Faraday  fixed  a  plate  of  platinam,  r,  figure 

12,  parallel  and  near  to  a  plate  of  amalgamated   ^_^^ 

zinc,  z.    On  placing  a  drop  of  dilute  sulphuric  ^     f 

add  at  y,  and  making  metallic  contact  between        ^  '*~'         ^ 

the  plate  at  z  p,  a  positive  electric  current  flowed  in  the  direction  of  the  ar- 
rows.   If  in  the  same  jilates,  fig.  13,  the  acid  be  fig.  13. 
introduced  at  x ,  and  metallic  contact  made  at  f  z, 
the  current,  passing  as  befi)re  firom  zinc  through 
the  liquid  to  the  olatinum,  has  a  direction  op- 
posed to  that  of  figure  2,  owin^  to  the  reversed 
podtion  of  the  acid.    1£,  then,  m  the  same  plates,  figure  14,  a  drop  of  acid  be 
introduced  at  y  and  at  x,  the  conditions  ara  ob-  pig.  14. 
viously  fiilfilled  fi>r  producing  two  opposite  cur-  ^ 
rents  of  positive  electricity,  each  fluid  acting  as   t-  v 
a  substitute  fi>r  metallic  contact  in  conducUnff    t\    \          ^            ^^^ 
the  current  which  the  other  tends  to  generate.    If     ^^           Z              x 
these  oppoaing  currents  happen  to  be  equal,  they  will  annihilate  the  efibets 
each  separately  would  {H'oduce ;  and  if  unequal,  the  stronger  current,  as  in 
figure  11,  will  annihilate  the  weaker,  and,  though  with  diminished  power, 
impress  its  character  on  the  cireoit 

These  oonniderations,  made  in  reference  to  a  simple  circle,  lead  at  once  to 
the  theory  of  the  compound  circle.  For  if,  in  figure  14,  a  drop  of  dilute  acid, 
which  acts  solely  on  the  zinc,  be  introduced  at  y,  and  a  different  liquid  at  jp, 
capable  of  corroding  platinum  and  not  zinc,  then  the  chemical  action  at  y  will 
cause  a  positive  current  firom  zinc  to  platinum,  and  that  at  x  a  similar  cur- 
rent  Srom  platinum  to  zinc.  The  two  currents  tend  to  circulate  in  the  same 
direction,  and  each  promotes  the  progress  of  the  other.  T)ie  same  state  of 
things  exists  in  the  batteries  represented  by  figures  8  and  9.  Chemical  ac- 
tion taking  -place -on  the  zinc  of  each  pair  of  plates,  there  is  a  tendency  to 
establish  an  equal  toumber  of  positive  currents  all  in  the  same  direction;  and 
the  simultaneous  effort  of  all  ur|feson  the  current  with  a  force  which  it  could 
not  derive  from  a  single  pair  of  plates.  It  is  now,  also,  apparent  that  all  the 
zinc  plates  should  have  their  surflices  towards  one  side,  and  those  of  copper 
towards  the  other:  one  reversed  pair  tends  to  establish  a  counter-current, 
which  enfeebles  the  influence  of  the  rest  On  the  same  principle,  the  exciting 
liquid  of  a  voltaic  circle  sirould  act  exclusively  on  one  of  the  plates :  if  the 
copper  is  oxidized  as  fast  as  the  zinc,  opposite  currents  will  be  excited,  which 
more  or  less  completely  counteract  each  other.  For  this  reason,  platinum 
and  anc  act  better  than  copper  and  zinc,  especially  wb^i  nitric  acid  is  em- 
ployed. 

LAWS  OF  THE  ACTION  OF  VOLTAIC  CIRCLES. 

Electricians  distinguish  between  quantiiy  and  intemjty  in  galvanism  as  in 
ordinary  electricity.  Quantity,  in  reference  to  a  voltaic  circk,  signifies  the 
quantity  of  electric  fluid  set  in  motion ;  and  by  tetmon  or  intensity  is  meant 
the  energy  or  efibrt  with  which  a  current  is  impelled.  In  the  broken  circuit 
there  is  a  strain  to  estabUsh  an  electric  current  as  a  condition  necessary  for 
oxidation :  there  exists  between  the  exciting  fluid  and  the  zinc  a  desire,  as  it 
were,  for  chemical  action,  which  cannot  m  gratified  untU,  by  cloBin|[  the 
circuit,  a  door  or  exit  is  opened  for  the  escape  and  circulation  of  electricity. 
This  strain  or  tension  is  g^eat,  according  as  the  affinity  between  the  exciUng 
fluid  and  zinc  is  great,  and  the  current  derives  a  character  from  this  tension. 
Nitric  acid,  from  its  great  oxidizing  power,  causes  a  greater  tendency  to 
chemical  action,  and,  therefore,  to  the  formation  of  electric  currents,  than 
sulphuric  acid,  and  this  acid  than  a  solution  of  salt.    Currents  of  high  tension 
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are  urged  farwrd  with  greater  impetnoeity  than  feeUe  oiiea,  more  readily 
oTercominff  obetacles  to  their  passage,  whether  derived  from  the  small  siae 
of- conducting  wires,  or  the  imperfect  oondnetton  of  the  li<|nids  of  the  battery. 

The  current  of  a  single  pair  of  plates,  though  variable  m  intensity  accord- 
ing as  the  nature  and  strenffth  of  the  excHing  liquid  Taries,  never  attains  a 
high  tension.  For  if  the  plates  are  fiir  apart,  the  current  is  unable  to  pass 
at  all,  or  at  most  but  feebly,  owing  to  the  quantity  of  interposed  liquid;  and 
if  close,  the  obstacle  to  be  overcome  in  passing  through  a  thin  stratum  of 
fluid  is  too  small  to  admit  of  the  tension  being  considerable.  The  condition 
which  causes  hiffh  intensity  is  an  extended  liquid  conductor  to  be  traversed, 
along  the  whole  line  of  which,  as  in  a  compound  circle,  are  ranged  successive 
pairs  of  plates,  each  acting  chemically  on  the  exciting  liquid,  and  urginif  on 
a  current  in  the  same  direction.  Under  these  circumstances  the  tension  be- 
comes very  high,  and  the  free  circulation  of  electricity  thereby  occasioned 
enables  the  quantity  set  in  motion  to  be  also  increased ;  but  Faraday  has 
given  sufficient  reasons  for  believing  that  the  quantity  of  electricity  trans- 
mitted  along  the  wires  of  a  closed  compound  circle  is  exactly  equal  in  amount 
to  that  which  passes  through  one  of  its  cells.  A  compound  circle  does  not 
act  by  directly  increasing  the  quantity  of  dectricitp,  but  by  giving  impetus 
or  tension  to  that  which  is  excited. 

The  energy  of  a  voltaic  circle  is  usually  estimated  either  by  the  deflection 
which  it  causes  on  a  magnetic  needle,  or  by  its  power  of  chemical  decomposi. 
tion.  Using  the  former.  Dr.  Ritchie  has  obtained  some  interesting  numerical 
results,  of  which  the  principal  are  as  follows  (Phil.  Trans.  1833-33.) 

1.  The  power  of  a  sinrle  pair  of  plates  in  deflecting  the  magnetic  needle  is 
directly  proportional  to  the  surfece  of  the  plates  which  is  covered  with  dilute 
acid;  that  is,  a  given  deflection,  produced  by  covering^  one  square  inch  of 
each  plate  with  liquid,  will  be  doubled  when  two  square  inches  are  immersed. 

3.  A  plate  of  zinc  introduced  into  a  rectangular  cup  of  copper,  as  in  figure 
5,  page  91,  deflects  the  needle  twice  as  much  as  when  one  side  of  the  zinc 
and  the  adjacent  surface  of  copper  are  protected  by  a  coating  of  cement  from 
the  action  of  the  acid  solution.— The  varying  conditions  of  the  experiments 
were  calcuUted  to  afieot  the  quantity  of  electricity  set  in  motion,  without 
changing  the  intensity ;  and,  therefore,  the  results,  proving  the  deflection  to 
depend  on  quantity  and  not  on  tension,  entirely  conform  to  general  experience. 

3.  The  deflection  produced  by  a  pair  of  plates,  in  an  acid  solution  of  uni- 
form strength,  varies  inversely  as  the  square  root  of  the  distance  between 
them, — a  law  previously  established  by  Professor  Gumming.  Thus,  if  a 
plate  of  zinc  be  placed  successively  at  one,  four,  and  nine  inches  from  a  pUte 
of  copper,  the  deflecting  powers  will  be  in  the  ratio  of  3,  3,  and  1 ;  that  is, 
enly  twice  as  great  at  one  inch  as  at  four,  and  only  three  times  as  great  at 
one  inch  as  at  nine  inches. 

4.  The  same  law,  as  previously  deduced  by  Professors  Gumming  and  Bar- 
low,  applies  to  variations  in  the  length  of  the  wire  by  which  the  zinc  and 
copper  plate  are  connected.  If,  all  other  circumstances  being  uniform,  the 
oondoctinff  wire  varies  from  four  feet  to  one  foot  in  length,  the  deflecting 
power  will  vary  in  the  ratio  of  1  to  3.  Dr.  Ritchie  informs  me  that  with 
short  metallic  wires,  the  deflection  varies  inversely  as  the  square  root  of  the 
length  of  the  whole  circuit,  that  is,  of  the  solid  and  liquid  conductors  taken 
together.  The  wire  in  these  experiments  must  be  single,  and  not  emled  as 
in  the  multiplier  of  Schweigger:  large  wires  should  be  used  capable  of  flreely 
conveying  all  the  electricity  which  is  devdoped. 

Ritchie  has  also  shown,  ajgfreeably  to  general  observation,  that  the  deflect- 
ing povror  of  a  compound  circle  is  not  increased  by  increasing  the  number 
of  iiB  plates.  A  single  pair  of  plates  with  a  ^pood  conducting  liquid  within 
the  cell,  and  supplied  with  large  conducting  wires  capable  of  cariying  oiFtfae 
whole  quantity  of  electricity  set  in  motion,  deflects  the  needle  nearly  or  quite 
as  much  as  a  battery  compost  of  several  pairs  of  plates  of  the  same  siae. 
Thb  is  another  proof  that  the  main  influence  of  a  number  of  plates  is  to  in- 
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CM0B  the  iatkemmtf  umI  not  tiie  ijoantity  of  electricity;  for  the  prermilinur 
opinaoa  that  the  magnetic  needle  takes  no  ooratzance  of  inteiMity  ie  fully 
bona  out  bj  the  ezperiawDtB  of  Faraday.  The  maffnetic  needle  may  be 
viewed  aa  an  ezaet  meaaore  of  the  qoantity  of  electricity  in  motion,  witbont 
any  rufiaeuoe  to  ita  tension. 

Cheoucal  deoompoaitiott  depends  on  quantity  and  intensity  together,  and 
aflfords  a  criterion  of  the  ineraased  tension  of  a  compound  circle  due  to  an 
increaae  in  the  namber  of  its  plates.  The  qnantity  of  hydrogen  gas  erolved 
by  a  oompoond  oirde  in  a  given  time  does  not  wuj  in  the  simple  ratio  of 
the  nvmber  of  plates;  that  is,  the  Tolume  of  the  gas  is  not  donblcd  when  the 
nnmber  of  platea  ia  doubled :  the  effect  increases  at  a  slower  rate,  owing  to 
the  additional  obatade  to  the  current  caused  by  the  increased  length  of  the 
circuit.  Ritchie  considers  the  ratio  to  be  as  the  square  root  of  the  number 
of  plates;  so  that  when  the  number  varies  as  1  to  4,  the  gas  evolved  is  aa  1 

In  diacoaainif  the  preceding  theoretical  questions,  I  have  gone  on  the  as- 
sumption of  electricity,  as  e]q>lained  in  the  last  section,  being  an  indepen- 
dent prinaple  anaceptible  of  rapid  motion  from  one  body  to  another ;  and  I 
have  here  suppoeed  thst  the  condition  of  a  voltaic  conducting  wire  is  similar 
to  that  of  a  wire  leading  from  the  ground  to  the  prime  conductor  of  an  elee- 
trieal  machine,  or  which  connects  the  inner  and  outer  surface  of  a  charged 
lisyden  phial,  except  that  the  voltaic  current  moves  slowly,  owin^  to  its 
lower  tennon  and  the  interposed  imperfect  conductor.  Some  conceive  that 
what  ia  called  an  electric  current  is  not  an  actual  transfer  of  anything,  but 
a  process  of  iadnction  among  the  molecules  of  a  conductor  passing  progres- 
sively aJkmg  it  Others,  denying  independent  materiality  to  electncity,  may 
ascribe  it  to  a  wave  of  vibrating  matter,  just  as  the  phenomena  of  optics  are 
explained  by  the  undulatory  tiMory.  But  whatever  theory  of  the  nature  of 
deietrieitp'  may  be  adopted,  it  seems  necessary,  afWr  the  experiments  of  Fa- 
radar  on  the  identity  of  voltaic  and  common  electricity,  that  the  nature  of 
an  etectric  and  voltaic  current  is  essentially  the  same. 

EFFECTS  OF  GALVANISM. 

When  a  xine  and  copper  plate  are  immersed  in  dilute  acid,  and  the  wire 
attached  to  the  former  is  connected  with  a  ffold-leaf  electrometer  of  suffi- 
cient delicacy,  the  leaves  diverge  with  negative  electricity ;  and  on  testing 
the  irire  of  this  copper  plate  in  a  similar  manner,  divergence  from  positiFe 
electricity  is  obtained.  The  effect  is  so  feeble  with  a  single  pair  of  plates, 
as  to  be  scarody  appredable ;  but  with  a  battery  of  many  pairs  it  is  very 
distinct,  though  never  powerful.  This  would  of  course  b«  expected,  since 
two  oppositely  electrified  conductors,  immersed  in  the  same  liquid,  would 
necessarily  neutralize  each  other,  unless  their  intensity  was  too  feeble  to  find 
a  passage  through  the  solution.  The  condition  of  a  battery  which  gives  the 
greatest  direigeacy  to  an  electrometer  is  that  of  numerous  plates ;  small 
phUes  an  inch  square  being  just  as  effectual  as  large  ones.  The  free  elec- 
tricity on  the  wires  is  apparently  an  effect  of  the  tension  of  the  unbroken 
circuit,  and  is  proportional  to  it,  though  the  mode  in  which  the  effect  arises 
is  of  difficult  explanation.  It  is  due,  perhaps,  to  a  disturbed  electric  equili- 
brium in  the  zinc  plate,  the  chemical  relation  of  which  to  the  acid  renders 
that  metal  positive  at  the  expense  of  the  attached  wire ;  while  the  copper 
plate,  induced  by  the  contiguous  zinc,  becomes  negative  at  the  expense  of 
its  wire,  which  is  thus  rendered  positive. 

A  L^den  jar  may  be  charged  from  either  wire  of  an  unbroken  circuit, 
provided  the  battery  be  in  a  state' to  supply  a  large  quantity  of  electricity  of 
nifffa  tension,  aa  when  formed  of  numerous  four-inch  plates  excited  by  dilute 
acid.  When  the  wires  from  such  a  battery  are  brought  near  each  other,  a 
spark  b  seen  to  pass  between  them;  and  on  establishwg  the  communication 
by  means  of  the  hapde*  previously  moistened,  a  distinct  shook  is  peroeivedt 
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On  sending  the  carrent  through  fine  metallic  wires  or  akiider  pieoee  %s£ 
plumbago  or  oompcust  charcoal,  these  oonductora  become  inteniely  heated, 
the  wires  even  of  the  most  refractory  metals  are  fused,  and  a  Tivid  white  light 
appears  at  the  points  of  the  charcoal,  equal  if  not  superior  in  intensity  to  that 
emitted  during  the  burning  of  phosphorus  in  oin^gen  gas ;  and  as  tliis  phe- 
nomenon  takes  place  in  an  atmosphere  void  of  oxygen,  or  even  under  the 
surface  of  water,  it  manifestly  cannot  be  ascribed  to  combustion.  If  the 
communication  be  established  by  metallic  leaves,  the  metals  burn  with  vivid 
'  scintillations.  Gold-leaf  burns  with  a  white  light  tinged  with  blue,  and 
yields  a  dark  brown  oxide ;  and  the  lieht  emitt^  by  sUver  is  exceedingly 
brilliant,  and  of  an  emerald-green  colour.  Copper  emits  a  blueish-white 
light  attended  with  red  sparks,  lead  a  beautiful  purple  light,  and  zinc  a  bril> 
liant  white  light  inclining  to  blue,  and  fringed  with  red.  (Singer.)  In  burn- 
ing  metallic  leaf,  fusing  wire,  and  igniting  charcoal,  a  large  quantity  of  dee. 
tricity  is  the  only  requisite.  The  phenomena  seem  to  arise  from  the  cur- 
rent passing  along  these  substances  with  difficulty ;  a  circumstance  which, 
as  they  are  perf^t  conductors,  can  only  happen  when  the  quantity  to  be 
transmitted  is  out  of  proportion  to  the  extent  of  sur&ce  over  which  it  has  to 
pass.  It  is,  therefore,  an  object  to  excite  as  large  a  quantity  of  electricity  in 
a  given  time  as  possible,  and  for  this  purpose  a  few  large  plates  answer  bet- 
ter  than  a  great  many  small  ones.  A  strong  acid  solution  should  also  be 
used ;  since  energetic  action,  though  of  short  ciMitinuance,  is  more  import- 
ant  than  a  moderate  one  of  greater  permanance.  A  mixture  of  ton  or  twelve 
parts  of  water  to  one  of  nitric  acid  is  applicable ;  or,  for  the  sake  of  economy, 
a  mixture  of  one  part  of  nitric  to  two  parts  of  sulphuric  acid  may  be  sub- 
stituted for  pure  nitric  acid.  The  large  battery  of  Mr.  Children,  though  ca^ 
pable  of  fusing  several  feet  of  platinum  wire,  had  an  electric  tension  so  fee. 
ble,  that  it  did  not  affect  the  gold  leaves  of  the  electrometer,  gave  a  shock 
scarcely  perceptible  even  wh^n  the  hands  were  moist,  communicated  no 
charge  to  a  Leyden  jar,  and  could  not  produce  chemical  decomposition.* 

Among  the  effects  of  galvanism,  produced  like  most  of  the  former  by  a 
closed  circuit  only,  and  caused  by  electric  currents,  none  are  more  sorpris- 
ing  or  so  important  as  its  chemical  and  magnetic  effects.  These  will  be 
studied  successively  under  separate  beads.  For  deflecting  a  magnetic  nee- 
dle, the  only  required  condition  is  quanti^  of  electricity,  the  amount  of 
which  is  exactly  measured  by  the  degree  of'^deflection ;  but  for  chemical  de- 
composition quantity  and  tension  must  be  combined :  fer  the  former  a  single 
pair  of  large  plates  is  best  fitted ;  for  the  latter  a  compound  circle  is  almost 
essential. 

Most  of  the  effects  of  galvanism  above  described  are  so  similar  to  those 


*  Dr.  Hare  has  broached  a  very  ingenious  theory  to  account  for  the  heat 
excited  by  galvanic  action.  He  does  not  consider  it  probable  that  the  heat 
extricated  by  galvanic  combinations  is  the  effect  of  the  current  of  electricity 
passing  with  difficulty  along  conductors,  in  consequence  of  the  quantity  to 
be  transojiited  being  out  of  proportion  to  the  extent  of  the  surfaces  over 
which  it  has  to  pass.  On  the  contrary,  he  believes  that  caloric,  like  electri- 
city, is  an  wi^naX  product  of  galvanic  action.  According  to  his  views,  the 
relative  proportion  of  the  two  principles  evolved  depends  upon  the  construc- 
tion of  the  apparatus;  the  caloric  being  in  proportion  to  the  extent  of  the 
generating  surface,  and  the  electricity  to  the  number  of  the  series.  In  the 
case  of  batteries,  in  which  the  size  and  number  of  the  plates  are  very  cod- 
stderable,  both  electricity  and  caloric  are  presumed  by  him  to  be  generated 
in  large  quantities.  When  the  number  of  the  plates  is  very  great,  and  their 
size  insignificant,  as  in  De  Luc*s  column,  electricity  is  the  sole  product; 
and  conversely,  where  the  size  is  very  great  and  the  number  of  the  series 
small,  caloric  is  abundantly  produced,  and  the  electrical  effects  are  nearly 
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of  the  deefiical  maehine,  that  it  ie  imponiUe  to  witneM  and  comMre  both 
seriei  of  plieooroena  withoat  ascribing  ibem  to  the  aame  ageot  "nie  qoes« 
tion  of  identity  earlj  occupied  the  attention  of  WoUaston,  who  made  aomo 
very  beautiful  and  ooncluaive  ezperunents  to  prove  that  the  chemical  eflfects 
of  gal?aniBm  majr  be  characteriatically  produced  by  a  current  from  the  eleo- 
trial  machine  (PhiL  Trans.  1801).  The  subject  has  been  examined  anew 
bjr  Faraday,  who  has  subjected  the  effects  of  electricity  and  ffalvanism  to  a 
minntB  and  critical  comparison:  he  has  obtained  ample  proof  of  the  deoom- 
posing  power  of  an  electric  current  from  an  electricad  machine,  both  by  re- 
peating the  experiments  of  Wollaston  and  devising  new  ones  of  his  own. 
He  has  also  eooipleted  the  chain  of  evidence  by  deflecting  a  magnetic  needle 
with  an  electric  current  from  the  machine,  an  observation,  indeed,  which 
had  been  previoaaly  made  by  Colladon.  These  researches  have  led  to  a  re- 
markaUe  eootrastt  between  the  quantity  of  electricity  concerned  in  the  pro. 
doction  of  voltaic  and  ordinary  electrical  phenomena.  Faraday  states,  that 
the  quantity  of  dectric  fluid  employed  in  decomposing  a  single  grain  of  wa- 
ter is  equal  to  that  of  a  very  powerful  flash  of  lightning ;  and  this  statement, 
surprising  as  it  is,  is  supported  by  such  strong  evidence,  that  it  is  difficult 
to  withh<^  assent  to  tho  assertion. 

Ciemieal  AeUoii  of  6ah)amMm. — ^The  chemical  agency  of  the  voltaic  ap. 
paratns,  to  which  chemists  are  indebted  for  their  most  powerful  instrument 
of  analysis,  was  discovered  by  Messrs  Carlisle  and  Nicholson,  soon  alter  the 
invention  waa  made  known  in  this  country.  The  substance  first  decompos- 
ed by  it  waa  water.  When  two  gold  or  platinum  wires  are  connected  with 
the  oppodte  ends  of  a  battery,  and  their  free  extremities  are  plunged  into 
the  same  cup  of  water,  but  without  touching  each  other,  hydrogen  gas  is 
disengaged  at  the  negative  and  oxygen  at  the  positive  wire.  By  collecting 
the  ^asee  in  separate  tubes  as  they  escape,  they  are  found  to  be  quite  pure, 
and  m  the  exact  ratio  of  two  measures  of  hydrogen  to  one  of  oxygen.  When 
wires  of  a  more  ozidaUe  metal  are  employed,  the  resiUt  is  somewhat  dilbr- 
tat  The  hydr^qgen  gas  appears  as  usual  at  the  negative  wire;  but  the 
oxygen,  instnd  of  escaping,  combines  with  the  metal,  and  converts  it  into  . 
an  oxide. 

Hub  important  discovery  led  many  able  experimenters  to  make  similar 
trialsL  Other  compound  bodies,  such  as  acids  and  salts,  were  exposed  to  the 
action  of  galvanism,  and  all  of  them  were  decomposed  without  exception, 
one  of  thor  dements  appearing  at  one  side  of  the  battery,  and  the  other  at 
its  opposite  extreodty.  An  exact  uniformity  in  the  circumstances  attending 
the  decomposition  was  also  remarked.  Thus,  in  decomposing  water  or 
other  eorapoonds,  the  same  kind  of  body  was  always  disenga!^ed  at  the 
same  side  of  the  battery.  Tlie,  metals,  inflammable  substances  m  general, 
the  alValiea,  earths,  and  the  oxides  of  the  common  metals,  were  found  at 
the  negative  wire;  while  oxygen,  chlorine,  and  the  acids,  went  over  to  the 
positive  snrftcew 

In  perlbrming  some  of  these  experiments,  Davy  observed,  that  if  the  eon* 
ducting  wires  were  plunged  into  separate  vessels  of  water,  made  to  oommn- 
nieate  by  some  moist  fibres  of  cotton  or  andanthus,  the  two  gases  were  still 
disengaged  in  their  usual  order,  the  hydrogen  in  one  vessel,  and  the  oxy|[e& 
in  the  other,  just  as  if  the  wires  had  been  immersed  into  the  same  portion 
of  that  liqnid.  This  mapdu  fitct,  and  another  of  the  like  kind  observed  by 
Hisinger  and  Benelina,  induced  him  to  operate  in  the  same  way  with  other 
oomponnds,  and  thus  gave  rise  to  his  eelebrated  researches  on  the  transfer 
of  chemical  ^bstanoes  from  one  vessel  to  another  (Phil  Trans.  1807). 
In  these  experiments  two  agate  cups,  N  and  P,  were  employed,  the  first 
eommanicating  with  the  n^^ve,  the  second  with  the  positive  wire  of  the 
battery,  and  oonneeted  togirther  by  moistened  amianthus.  On  potting  a 
solution  of  solphate  of  potassa  or  soda  into  N,  and  distiUed  water  into  P, 
the  aead  very  soon  passed  over  to  the  latter,  while  the  liquid  in  the  former, 
which  was  at  first  neutral,  became  distincUy  alkaline.    The  process  was  re. 
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irened  by  placing  the  mline  tolation  in  P,  and  the  diatilled  water  in  N,  when 
the  alkali  went  orer  to  the  negative  cup,  leaving  free  acid  in  the  other. 
Tliat  the  add  in  the  first  experiment,  and  the  alkaline  base  in  the  aeooiid, 
ictaally  passed  along  the  amianthns,  was  obvioas;  for  on  one  occasioii, 
when  nitrate  of  oxide  of  silver  was  substituted  for  the  sulphate  of  potaasa, 
the  amianthus  leading  to  N  was  coated  with  a  film  of  metal.  A  similar 
transfer  was  effected  by  putting  distilled  water  into  N  and  P,  and  a  saline 
•olution  in  a  third  cup  placed  between  the  two  others,  and  connected  with 
each  by  moistened  amianthus.  In  a  short  time  the  acid  of  the  salt  appeared 
in  P,  and  the  alkali  in  N.  It  was  in  pursuing  these  researches  that  Davy 
made  his  great  discovery  of  the  decomposition  of  the  alkalies  and  earths, 
which  till  Oien  had  been  regarded  as  elementary.    (Phil.  Trans.  1808.) 

Such  is  a  statement  of  the  principal  phenomena  of  electroH^mical  de- 
composition according  to  the  earlier  experiments.  The  fads  then  observed 
were  received  as  established  truths  of  science,  and  passed  current  without 
■ospicion  or  scrutiny  till  the  present  time.  But  Mr.  Faraday,  in  his  revi- 
sion of  this  part  of  the  science,  has  not  only  added  much  new  matter,  bat 
proved  that  several  points,  which  were  considered  as  fundamental  maxims, 
ire  erroneous.  Before  describing  his  reiuhs,  however,  I  will  define  the 
new  terms  which  he  has  had  occasion  to  introduce^ — In  order  to  decompoae 
a  compound,  it  is  necessary  that  it  should  be  liquid,  and  that  an  electric 
current  should  pass  through  it,  an  object  easily  effected  by  dipping  into  the 
Hquid  the  ends  of  the  metallic  wires  which  communicate  with  the  voltaic 
circle.  These  extremities  of  the  wires  are  commonly  termed  pole$^  from  a 
notion  of  their  exerting  attractive  and  repulsive  energies  towards  the  de- 
ments of  the  decomposing  liquid,  just  as  the  poles  of  a  magnet  act  towards 
iron ;  and  each  is  further  distinguished  by  the  term  |NWtttee  or  negative^  ac- 
cording as  it  affects  an  electrometer  with  positive  or  negative  electricity. 
Now  Faraday  contends  that  these  poles  have  not  any  attractive  or  repulsive 
energy,*  and  act  simply  as  a  path  or  door  to  the  current:  he  hence  calls 
them  eleetrode$^  fVom  irXfsr{«F,  and  oifef,  a  way.  The  electrodes  are  the 
surfaces,  whether  of  air,  water,  metal,  or  any  other  substance,  which  serve 
to  convey  an  electric  current  into  and  from  the  liquid  to  be  decomposed. 
The  surnoes  of  this  liquid  which  are  in  immediate  contact  with  the  elec- 
trodes, and  where  the.  elements  make  their  appearance,  are  termed  anode 
and  eatkode^  from  dv«,  uptoardB,  and  c^oc,  the  way  in  which  the  sun  rises, 
and  sfltTst,  dmonwarde,  the  way  in  which  the  sun  sets.  The  anode  is  where 
the  positive  current  is  supposed  to  enter,  and  the  cathode  where  it  quits,  the 

*  Mr.  Faraday  here  proves  experimentally,  what  we  threw  out  as  a  sur- 
mise, in  a  note  contained  in  the  last  American  edition  of  this  work,  as  to 
the  indispensableness  of  a  galvanic  current  to  the  production  of  chemical 
decomposition,  independently  of  the  agency  of  any  attractive  or  repulsive 
energy  exercised  by  the  poles,  as  suppled  by  Davy.  The  note  referred  to 
is  in  the  following  words: — 

**  If  the  explanation**  given  by  Davy,  **of  the  chemical  agencies  of  the 
Tohaic  apparatus  were  well  founded,  then  it  would  follow  that  decomposi- 
tion should  take  place,  if  the  same  portion  of  water  was  placed  in  connex- 
ion, at  the  same  time,  with  the  positive  pole  of  one  battery  and  the  negative 
pole  of  another.  Thus  the  negative  oxygen  being  attracted  more  strongly 
by  the  positive  or  xinc  pole  than  by  the  positive  hydrogen  with  which  it  is 
combined,  would  have  its  union  with  the  latter  severed,  a  result  whidi 
would  be  &vonred  by  the  repulsion  exercised  by  the  positive  pole  on  the 
hydrogen.  Again,  the  positive  hydrogen  would  be  attracted  by  the  negative 
pole  and  the  oxygen  be  repelled.  But  I  doubt  very  much  whether  any  de- 
eomposition  wouki  take  place  under  such  cironmstances;  and  hence  I  believe 
that  a  current  of  the  galvanic  fluid  through  compounds  is  essential  to  its 
daoomposing  power8.**-^£i/. 
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daeomposiog  liquid,  ita  direction,  when  the  electrodes  are  placed  east  and 
wevt,  con-OBponding  with  that  of  the  positive  current  which  is  thought  to 
eircalate  on  the  sarface  of  the  earth  (pasre  117).  To  eleetrolyzt  a  com- 
poand,  i»  to  deoompoee  it  by  the  direct  action  of  ^alyanism,  ita  name  beings 
Ibroied  from  »Xf»T#dr  and  wm,  to  unUxne,  or  Bet  free;  and  an  electrolyte  is 
a  compound  which  may  be  electrolyzed.  The  elements  of  an  electrolyte 
are  called  i<Mis,  from  loj^  going,  neuter  participle  of  the  verb  to  go.  Aniono 
are  the  ions  which  appear  at  the  anode,  and  are  nsaally  termed  the  electro- 
negative ingredients  of  a  compound,  such  as  oxygen,  chlorine,  and  acids ; 
and  the  electra-poeitive  substances,  hydrogen,  metals,  alkalies,  which  appear 
at  the  cathode,  are  catUms.  Whatever  may  be  thought  of  the  necessity  fyi 
some  of  these  terms,  the  words  electrode,  electrolyze,  and  electrolyte,  are 
peculiarly  appropriate. 

Tho  principal  facts  determined  by  Mr.  Faraday  may  be  arranged  under 
the  following  propositions: — 

1.  All  compounds,  contrary  to  what  has  been  hitherto  supposed,  are  not 
electrolytes,  that  is,  are  not  directly  decomposable  by  an  dectrio  current 
fiat  in  making  this  assertion  it  is  necessary  to  distinguish  between  primary 
and  secondary  decomposition.  Water  is  an  electrolyte,  its  hydrogen  being 
delivered  up  at  the  negative  and  its  oxygen  at  the  positive  electrode.  A 
solution  of  hydrochloric  acid  u  likewise  an  electrolyte,  being  resolved  into 
chlorine  and  hydrogen.  But  nitric  and  sulphuric  acids  and  ammonia  are 
not  electrolytes,  though  the  first  and  last  are  decomposed  by  secondary 
action.  Thus,  on  subjecting  nitric  acid  to  voltaic  action,  the  water  of  the 
solution  is  electrolyzed,  and  its  hydrogen  arriving  at  the  negative  electrode 
decomposes  the  nitric  acid,  water  bein|r  tiiere  reproduced  and  nitrous  acid 
formed.  So,  in  a  solution  of  ammonia,  the  oxygen  of  decomposed  water 
unites  at  the  positive  electrode  with  the  hydrogen  of  the  ammonia,  and 
nitrp^n  gas  u  evolved.  Very  numerous  secondary  actions  are  occasioned 
in  this  way,  because  the  disonited^lements  are  presented  in  a  nascent  form, 
which  is  peculiarly  favourable  to  chemioai  action ;  and  in  many  instances 
the  electrode  itscu^  which  is  commonly  metallic,  is  chemically  attacked. 
By  alow  secondary  actions  of  this  nature,  effected  by  very  fbeble  cur* 
rents,  Becquerel  has  procured  several  crystalline  compounds  analogous  to 
mmerals. 

2.  Most  of  the  salts  which  have  been  examined  are  resolvable  into  acid 
and  oxide,  apparently  without  reference  to  their  proportions.  But  in  com- 
pounds of  two  elements,  the  ratio  of  combination  has  an  influence  which 
IMS  hitherto  been  wholly  overlooked.  No  two  elements  appear  capable  of 
forming  more  than  one  electrolyte.  Hydrochloric  acid,  and  fused  metallic 
protochloridea,  such  as  the  chlorides  of  lead  and  silver,  and  protochloride  of 
tin,  are  readily  decomposed;  while  bichloride  of  tin  and  other  perchlorides 
resist  decomposition.  Substances  which  consist  of  a  single  equivalent  of 
one  element  and  two  or  more  equivalents  of  some  other  element,  are  not 
electrolytes :  this  is  the  reason  why  sulphuric  and  nitric  acid  and  ammonia 
do  not  yield  primarily  to  voltaic  action.  This  principle  bids  fair  to  become 
very  important  in  determining  which  of  several  compounds  of  two  elements 
contains  single  equivalents.  Water,  which  is  remarkable  for  its  easy  de- 
composition, may  hence  be  inferred  to  be  a  true  binary  compound. 

3.  It  has  been  ascertained  that  most  of  the  elements  are  ions^  and  it  is 
probable  that  all  of  them  are  so ;  but  there  are  several  important  elements, 
such  as  nitrogen,  carbon,  phosphorus,  boron,  aluminium,  and  silicium, 
which  have  not  yet  been  proved  to  be  ions.  This  arises  from  the  difficulty 
oi  obtaining  these  elements  in  compounds  fitted  for  electrolytic  action. 

4.  A  single  ton,  that  is,  one  ion  not  in  combination  with  another,  has  no 
tendency  to  pass  to  either  of  the  electrodes,  and  is  quite  indifferent  to  the 
passing  current,  unless  it  be  itself  a  compound  ion,  and  therefore  electroly- 
saUe.  llie  character  of  true  electrolytic  action  consisU  in  the  separation  of 
fsiM|  one  passing  to  one  el^trode  and  another  to  the  opposite  electrode,  and 
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appearing  there  at  the  nma  inataat,  nnlen  tha  appearanoa  of  ooa  or  both 

be  prevented  by  iome  eecondary  action. 

5.  There  is  no  such  thing  as  a  tranafer  <^  ion»  in  the  aeoae  uiually  on- 
deratood.  In  order  that  the  elements  of  decomposed  water  should  appear 
at  the  opposite  electrodes,  there  must  be  water  between  the  electrodea;  and 
IcMT  the  similar  separation  of  solphuric  acid  and  aoda,  there  moat  be  a  line 
of  particles  of  sulphate  of  soda  extending  from  one  electrode  to  the  other. 
Thus,  if  a  solution  of  sulphate  of  magnesia  be  co?ered  with  puro  water, 
care  being  taken  to  avoid  all  admixture  or  particles,  and  the  positive  metal- 
Uo  termination  or  pole  touch  the  magnesian  aolution  only,  while  the  ncga^ 
tive  pole  is  in  contact  with  the  water  only,  a  depoaite  of  magneaia  occura 
just  where  the  pure  water  and  the  magnesian  solution  meet,  and  none 
reaches  the  negative  pole.  In  Davy*s  experiment,  where  aulphurlc  acid  and 
aoda  appeared  to  quit  each  other,  and  pass  over  separately  into  a  veasel  of 
pore  water,  there  was  certainly  by  capillary  attraction  an  actual  tranafer 
of  the  salt  before  decomposition  occurred. 

&  In  the  foregoing  experiment  a  sur&ce  of  water  acts  as  the  noffativa 
electrode,  dearly  showing  the  contact  of  a  metallic  oooductor  with  the  de> 
composing  Hqmd  not  to  be  essential  Faraday  has  proved  that  even  air 
may  serve  as  an  electrode.  A  current  from  the  prime  conductor  of  an 
dbotrical  machine  was  made  to  pass  from  a  needle's  point  through  air  to  a 
pointed  piece  of  litmus  paper  moistened  with  sulphate  of  aoda,  and  then  to 
laaoe  from  a  similarly  moistened  point  of  turmeric  paper.  True  electrolytio 
action  took  pboe,  the  litmus  becoming  red  and  the  turmeric  paper  brown, 
though  both  extremities  of  the  decQmpoaing  aolution  communicated  solely 
with  a  stratum  of  air. 

7.  Electro-chemical  decomposition  cannot  occur  unless  an  electric  cor- 
rent  is  actually  tranamitted  through  it;  or,  in  other  terms,  an  electrolyte  ia 
always  a  oonductor  of  eleetricity.  Water,  which  conducts  an  electric  cur- 
rent, ceaaes  to  do  so  when  it  passes  into  ioe,  and  then  also  resists  deoompo- 
attion — an  observation  equally  true  of  all  electrolytes  in  becoming  solid. 
Moreover,  liquids  which  resist  electro-chemieal  decomposition  do  not  per- 
mit the  current  of  a  voltaic  circle  to  pass.  The  alliance  between  oondue- 
tion  and  decomposition  is  so  constant,  that  the  latter  may  be  regarded  a^  a 
means  by  which  voltaic  currents  are  transmitted  through  liquid  compounds. 
Agreeably  to  this  notion,  solidity  may  interfere  with  conduction  b^  chaining 
down  the  elements  of  a  compound,  and  thereby  preventing  their  tranafer 
to  the  electrodes.  Improving  the  conduction  of  a  liquid,  as  by  adding  aul- 
phnrie  acid  to  pure  water,  increases  the  decomposing  power  of  a  voltaic 
circle,  the  exciting  fluid  within  the  apparatus  remaining  the  aame;  and 
Faraday  has  prov^  that  the  ouantity  of  a  compound  decompoaed  is  exactly 
proportional  to  the  quantity  or  electricity  which  passes,  however  much  other 
eircumstancea,  such  as  the  siae  of  electrodes  and  conducting  wires,  number 
and  size  of  platea,  and  nature  of  exciting  fluid,  may  var^.  Changea  in 
theae  conditions  do,  indeed,  influence  the  quantity  of  electricity  transmitted; 
but  then  the  degree  of  chemical  decomposition  varies  in  the  same  propor- 
tion. The  foregoing  facts  at  first  led  to  the  ofMoion  that  the  current  of  a 
voltaic  circle  cannot  pass  through  liquids,  except  thoee  of  a  metallic  nature^ 
nnless  decomposition  ensues  at  the  same  time;  but  Faraday  has  noticed 
that  when  the  intensity  is  too  feeble  to  effect  decomposition,  a  email  quan- 
tity of  electricity  may  be  transmitted,  sufficient  to  be  discovered  by  a  eal* 
vanometer. .  This  doea  not,  however,  easentially  interfere  with  the  law  juat 
announced. 

8.  Chemical  compounds  differ  in  the  electrical  foroe  required  for  deoom- 
poaition.  A  current  of  very  feeble  tension  suffices  to  deoompoee  iodide  of 
potassium,  wlule  a  much  higher  intensity  b  required  for  disuniting  the  el». 
ments  qf  water.  The  order  of  easy  decomposition  in  the  annexed  substances 
Is  as  fellows: — Solution  of  iodide  of  potassium;  fused  chloride  of  silver; 
fiued  protoohloride  of  tin ;  fused  chloride  of  lead ;  fused  iodide  of  lead ;  aolo. 
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tioD  of  hydrochloric  acid ;  and  water  acidulated  with  solpharic  add.  By  ex- 
tending  tables  of  this  kind,  a  ready  method  will  be  known  for  comparing  the 
tension  of  voltaic  circles. 

9.  The  condaction  of  the  electric  cnrrcnta  within  the  cells  of  a  voltaic  cir- 
de  depends  on  chemical  decomposition  equally  with  that  between  platinum 
electrodes.  No  substance  not  an  electrolyte  can  serve  to  excite  a  voltaic  ap- 
paratus; and  for  the  passage  of  electricity  from  plate  to  plate  through  the  in- 
tervening solution,  the  separation  of  substances  previously  combined  in  the 
required  ratio  is  essential.  Neither  free  oxygen  nor  a  solution  of  chlorine 
can  excite  a  current,  though  they  attack  the  zinc ;  and  in  a  voltaic  circle  ex- 
eited  by  dilute  sulphuric  acid,  the  electricity  set  in  motion  is  due  to  deoom- 
posed  water  and  oxidized  zinc,  and  not  at  all  to  the  union  of  the  oxide  of  zinc 
wilh  sulphuric  acid.  The  platinum  electrodes  and  intervening  liquid  may 
be  viewed  as  one  of  the  cells  of  the  circle,  except  that  the  plates  act  merely 
as  ooodactors,  without  any  oxidation,  the  current  passing  in  virtue  of  the 
decomposed  solution.  Thus,  in  figure  9,  page  92,  the  zinc  and]  copper  plate 
of  either  of  the  glasses  may  be  replaced  by  two  plates  of  platinum ;  or  several 
pairs  of  such  plates  may  be  introduced  in  any  part  of  a  compound  circle,  in  ** 
which  case  the  intervenincr  spaces  are  cells  of  decomposition  only.  But  such 
plates  diminish  -very  much  the  power  of  a  battery.  In  the  zinc  and  copper 
oeOs,  the  current  is  urged  on  by  the  appetency  of  the  zinc  and  oxygen  to 
imite;  whereas,  in  passing  between  the  electrodes,  the  electricity  has  to  sur- 
moonl  the  mutual  attraction  of  oxygen  and  hydrogen,  or  some  similar  force, 
without  the  assistance  of  any  opposincr  affinity.  In  overcoming  this  obstacle, 
the  electric  current  is  enfoebled ;  and  if  its  tension  is  insufficient  for  decom. 
ponng  the  interposed  liquid,  it  is  almost  completely  arrested.  Hence,  in  ex. 
perimentson  decomposition,  the  course  of  the  electricity  should  be  focilitated 
by  emphyiDg  lar^  electrodes  and  wires,  and  placing  them  at  a  short  distance 
firom  each  o&r  m  a  good  conducting  solution. 

The  principles  above  established  show  the  importance  of  exciting  all  the 
oeDs  of  a  voltaic  circle  with  a  liquid  of  the  same  strength.  The  electricity 
circulating  in  a  voltaic  apparatus  with  the  conducting  wires  in  contact,  is 
equal  to  that  which  the  feeblest  cell  is  able  to  transmit,  any  chemical  action 
in  other  cells  more  than  sufficient  for  exciting  that  quantity  being  wasted ; 
and  in  a  eircle  with  several  decomposing  cells,  the  current  which  traverses 
the  cell  of  lowest  conducting  power  determines  the  quantity  circulating 
through  the  whole  apparatus. 

10.  In  a  voltaic  circle  in  which  no  zinc  is  oxidized  but  what  contributes  to 
excite  an  electric  current,  the  quantity  of  zinc  dissolved  in  a  given  time  fix>m 
each  plate  is  in  a  constant  ratio,  not  only  to  the  hydrogen  gas  evolved  from 
the  corresponding  copper  plate  (page  94),  but  to  the  hydrogen  set  free  at  the 
negative  electrode.  The  ratio  is  such,  that  32.3  parts  of  zinc  are  dissolved 
^urin|r  the  evolution  of  1  part  uf  hydrogen  gas ;  and  the  conclusion  which 
Mr.  I^araday  has  drawn  from  this  and  numerous  similar  experiments  is,  that 
the  quantity  of  electricity  set  in  motion  by  the  oxidation  of  33.3  grains  of 
zinc  exactly  suffices  for  resolving  9  grains  of  water  into  its  elements.  If  the 
iame  current,  by  means  of  4  pairs  ofelcctrodes,  be  made  to  decompose  water, 
chloride  of  silver,  chloride  of  lead,  and  chloride  of  tin,  all  in  the  liquid  state, 
the  quantities  of  hydrogen,  stiver,  lead,  and  tin  eliminated  at  the  4  negative 
electrodes  will  be  in  the  ratio  of  1, 108, 103.6,  and  57.9  ;  while,  a  tone  posi- 
tive  electrode,  oxygen,  and  at  the  three  others  chlorine,  in  the  ratio  of  6  to 
354,  are  separated.  Similar  facts  were  ascertained  of  many  other  compounds. 
It  thus  distinctly  appears— «nd  it  is  a  new  and  important  discovery — ^that  elcc 
tro4:hemieal  decomposition  is  perfectly  definite,  a  given  quantity  of  electricity 
evolving  the  ingredients  of  compound  bodies  in  well  defined  and^  invariable 
proportions,  to  which  Faraday  has  given  the  name  o£  eleetra^hemieal  equiva' 
untt.  The  reader  will  at  once  see  that  these  numbers  are  identical  with  the 
chemical  equivalents  (see  toble  part  ii,  sect  II).  Another  connexion,  then, 
doeer  than  any  before  traced,  is  established  between  electricity  and  chemical 
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attraetioii»Bbowiii^  a  matnal  dependence  and  Mmilarit^  of  eflbct  between  two 
agencies,  such  as  almost  forces  a  belief  in  their  identity. 

The  definite  nature  of  electro-chemical  action  suggests  a  ready  mode  of 
estimating  the  quantity  of  electricity  circulating  in  a  voltaic  apparatus.  It 
is  only  neceftsary  to  collect  the  gas  eTol?ed  from  acidulated  water,  in  order 
to  obtain  a  measure  of  the  quantity  of  electricity  which  has  peased  during-  a 
given  interval :  a  tube  divided  into  equal  measures  will  thus  serve  to  express 
degrees  of  electricity,  just  as  the  expansion  of  a  liquid  in  a  thermometer  in- 
dicates degrees  of  temperature.  The  instrument,  as  constructed  for  this  ob- 
ject, is  called  by  Faraday  a  voUa-eUctrometer.  Various  forms  of  it  have  been 
described  by  him,  according  as  it  wished  to  collect  oxygen  or  hydrc^gen  sa- 
parately,  or  both  together.  One  of  the  most  convenient  forms,  wh^fa  col- 
lects the  gases  together,  is  ex-  Piff*  ^ 
hibited  by  figure  1 5.  It  consists 
of  a  glass  tube  closed  at  bottom, 
where  it  fits  into  a  support  of 
wood  A ;  the  wires  p  n  serve  to 
connect  it  with  a  dosed  circle ; 
and  a  h  are  large  platinum  elec- 
trodes, placed  close  together, 
but  prevented  from  contact  by 
interposed  beads  of  glass.  The 
tube  when  prepared  for  use,  is 
filled  up  to  the  bend  with  dilute 
sulphuric  acid  of  sp.  gr.  1.336 ; 
and  the  gas  evolved,  escaping 
from  the  open  extremity  c,  is 
collected  in  a  tube  and  measured. 

Tkeory  of  Electro-chemical  DecompotUion, — ^The  most  celebrated  attempt 
to  explain  the  phenomena  of  jralvanism  was  made  by  Davy  in  his  essay  on 
Svme  Chemical  Agencie$  of  EUctriciiy  (PhiL  Trans.  1807),  by  means  of  an 
hypothesis  which  nas  received  the  appellation  of  the  electro-chemical  tkeory* 
The  views  of  Davy,  which  in  some  form  or  other  have  been  adopted  by  most 
persons  who  have  speculated  on  this  subiect,  are  founded  on  the  assumption, 
now  rendered  so  much  more  plausible  than  iu  his  day,  that  electrical  and 
chemical  attractions  are  owing  to  one  and  the  same  agent  He  considered 
chemical  substances  to  be  endowed  with  natural  electric  energie9 ;  meanin|r 
thereby,  that  a  certain  electric  condition,  either  positive  or  negative,  is  natu- 
ral to  the  atoms  or  combining  molecules  of  bodies ;  tliat  chemical  onion  is 
the  result  of  electrical  attraction  taking  place  between  oppositely  excited  atoms, 
just  as  masses  of  matter  when  oppositely  excited  are  mutually  attracted ;  and 
that  ordinary  chemical  decomposition  arises  from  two  combuaed  atoms  being 
drawn  asunder  by  the  electric  energies  of  other  atoms  more  potent  than  those 
by  which  they  were  united.  Electro-chemical  decomposition  was  at  once 
explained  by  Davy  on  the  same  principles.  He  regarded  the  metallic  ter- 
minations or  polet  of  a  voltaic  circle  (page  102)  as  two  centres  of  electrical 
power,  each  acting  repulsively  to  particles  in  the  same  electric  state  as  itself, 
and  by  attraction  on  those  which  were  oppositely  excited.  The  neoessarr 
result  was,  that  if  the  electric  energy  of  the  battery  exceeded  that  by  which 
the  elements  of  any  compound  subject  to  its  action  were  held  together,  de- 
composition followed,  and  each  element  was  transferred  bodily  to  the  pole 
by  which  it  was  attracted,  passing  through  solutions  not  containing  the  ori- 
ginal compound,  and  refusing  to  unite  with  substances  with  which  under 
other  circumstances  it  would  have  combined.  Substances  which  appeared  at 
the  positive  pole,  such  as  oxygen,  chlorine,  and  acids,  were  termed  eUetre- 
fugutive  substances ;  and  those  eUdra-pontive  bodies,  which  were  separated 
at  the  negative  pole. 

The  views  of  Davy,  both  in  his  original  essay  and  his  subsequent  expb- 
nations  (Phil.  Trtmi.  1836),  were  so  generally  and  obscurely  expressed,  that 
chemists  have  never  flilly  agreed,  as  to  some  points  of  the  doctrine,  aboat 
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fan  red  ineuiiii|r.  If  he  meant  that  a  particle  of  fSree  oxygen  or  iree  chlorine 
is  in  a  nmitively  excited  state ;  then  his  opinion  is  contrary  to  the  fact,  that 
neither  oT  tfaoae  gases  afiect  an  electrometer  with  negative  or  any  kiiod  of 
electricity,  any  more  than  hydroren  gas  or  potassium  alone  exhibit  any  evi- 
dence of  poeitire  excitement  If  sulphur  nnites  with  oxygen  because  it  has 
a  positive  electrie  energy,  why  shonld  it  nnite  with  potassium,  which  con- 
fessedly is  far  more  positive  than  itself?  The  only  mode  in  which  such 
ficts  as  these  seem  reconcilable  with  the  electro-diemical  theory,  is  to  sup- 
pose an  bodies  in  their  uneombined  state  to  be  electricaUy  indiflferent,  but 
that  thev  have  a  natural  appetency  to  assume  one  state  in  preference  to  an- 
odier.  Electro-negative  bodies  are  such  as  assume  negative  excitement  under 
a  certain  approximation  to  others  which  at  the  same  time  become  positive^ 
exdtod,  chemical  union  beinr  the  consequence.  On  this  supposition,  it  is 
intelligible  that  sulphur  may  Ite  positive  in  rdation  to  oxygen,  and  negativB 
to  potnsium,  just  as  black  silk  is  positively  electrified  by  nriction  with  seal- 
iDg-wax,  and  negatively  by  white  silk.  It  is  obvious,  from  the  fi)|]owinjr  ta- 
ble constructed  by  fierzelius,  that  this  chemist  takes  the  same  view  in  the 
electric  energies  of  bodies  as  that  just  given.  He  has  given  it  as  appraxi- 
mative  only,  and  not  as  rigidly  representing  the  exact  electrical  relations  of 
the  elements.  Nitrogen  and  hydrogen  scarcely  occupy  their  true  position  in 
the  series,  the  forma  being  electro-negative  in  a  lower  degree  than  chlorine 
and  fluorine,  while  hydr^n,  I  think,  should  be  in  a  prominent  station 
among  the  electro-positive  elements.  AH  the  bodies  enumerated  in  the  first 
column  are  ne^tive  to  those  of  the  second.  In  the  first  column  each  snb- 
stance  is  negative  to  those  below  it ;  and  in  the  second,  each  element  is  po- 
nlive  with  reference  to  those  which  oceupy  a  lower  place  in  the  series. 

1.  2. 


Ni^ataye  EleetH€9, 

Pontile  EUetric9. 

Sn]|£ur. 

Potassium. 
Sodium. 

fvitrogen. 

Lithium. 

Chlonne. 

Barium. 

Iodine. 

Strontium. 

Fluorine. 

Calcium. 

Phosphorus. 

Magnesium. 

Selenium. 

Glucinium. 

Arsenic. 

Yttrium. 

Chromium. 

Aluminium. 

Molybdenum. 

Zirconium. 

Tungsten. 

Manganese. 

Boron. 

Zinc.     ' 

Carbon. 

Cadmium. 

Antimony. 

Iron. 

TeUuriuro. 

Nickel. 

Colu  m  bium. 

Cobalt 

Titanium. 

Cerium. 

Silicium. 

Lead. 

Osmium. 

Tin. 

Hydrogen. 

Bismuth. 

Uranium. 

Copper. 

Silver. 

Mercury. 

Palladium. 

Platinum. 

Rhodium. 

Iridium. 

Gold.* 

•  The  statements  made  in  the  text  are,  perhaps,  not  expressed  with  sui: 
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It  requirM  bat  little  reflection  on  the  factfl  described  in  this  eection,  to 
peroeive  that  they  are  inconsistent  with  the  electro-chemical  theory  as  un* 
derstood  by  £^vy.    It  given  not  the  shadow  of  a  reason  for  a  voltaic  battery 
which  can  decompose  the   protochloride  or  protiodide  of  a  metal,  being 
powerless  with  the  perchloride  and  periodide  of  the  same  metaL    The  fact 
itsejf  was  not  contemplated  by  Davy,  and  his  theory  was  designed  to  show 
why  all  snch  compounds  should  be  decomposed.    Moreover,  there  is  no 
proof  that  the  poles  of  a  battery  do  exert  attractive  or  repulsive  forces. 
There  is  no  need  of  a  metallic  conductor  in  contact  with  the  decomposing 
body  (page  104) ;  nor  do  the  elements  reach  the  poles  at  all,  unless  they 
happen  to  be  in  contact  with  the  substance  under  decomposition  (page  104). 
When  hydrogen  reaches  the  negative  electrode,  it  is  freely  disengaged  as 
gas,  the  electrode  evincing  no  tendency  whatever  to  retain  it :  the  combinsp 
lion  of  the  elements  of  a  decomposed  body  with  the  matter  of  the  electrodes, 
does  not  prove  attraction,  but  may,  and  I  presume  does,  arise  from  the  sub- 
stances being  presented  in  a  state  favourable  for  chemical  union  (page  103). 
But  while  IHvy^s  theory  fails,  there  is  no  other  which  can  render  a  reason 
fi>r  all  the  phenomena.    Faraday  has  done  much  by  showing  the  fallacy  of 
the  former  theory,  and  by  stating  the  facts  of  the  case  as  they  are.^  He  con- 
tends  that,  between  the  electrodes  and  acting  in  right  lines,  there  is  an  axis 
of  power  which  urges  the  electrcnegative  efement  of  an  electrolyte  in  the 
direction  the  positive  current  moves,  and  gives  an  opposite  impulse  to  the 
electro-positive  element.    He  adopts  the  opinion  of  Grotthuss,  that  the  de- 
composing  influence  is  not  exerted  on  any  single  particle  of  the  electrolyte, 
but  that  rows  of  particles  lying  between  the  electrodes  are  equally  subject 
to  its  action.   When  a  particle  of  oxygen  is  evolved  at  the  positive  electrode, 
the  hydrogen  with  which  it  had  been  combined  is  not  transferred  at  once  to 
the  opposite  electrode,  but  unites  with  the  oxygen  of  a  contiguous  particle  of 
water,  on  the  sido  towards  which  the  positive  current  is  moving ;  the  second 
particle  of  hydrogen  decomposes  a  portion  of  water  still  nearer  to  Uie  nega- 
tive electrode ;  and  the  same  process  of  decomposition  and  reproduction  of 
water  continues  until  it  reaches  the  water  in  immediate  contact  with  the  ne- 
gattve  electrode,  the  hydrogen  of  which  is  disengaged.    This  operation,  de- 
scribed as  commencing  at  one  electrode,  takes  place  simultaneously  at  both : 
a  row  of  particles  of  oxygen  suddenly  lose  their  affinity  for  the  hydrogen 
situated  on  the  side  next  the  negative  electrode,  in  favour  of  those  respec- 
tively adjacent  to  each  on  the  other  side ;  while  the  affinity  of  a  similar  row 
of  particles  of  hydrogen  is  diminished  for  the  oxygen  on  the  side  of  the  posi- 
^  tive  electrode,  and  is  increased  for  those  on  their  opposite  side.    Hence,  aa 

ficient  clearness  for  the  comprehension  of  the  student.  Tlie  doctrine  laid 
down  by  Dr.  Turner  is,  that  substances,  considered  singly,  are  neither  pou* 
tive  nor  negative ;  or  in  other  words,  that  the^  are  in  a  neuter  state  like  the 
earth.  Nevertheless,  they  are  capable  of  exciting  each  other  by  being  first 
brought  in  contact,  and  then  separated.  If  two  substances  touch  each  other, 
and  are  then  separated,  one  will  become  positive  and  the  other  negative ;  but 
the  result  is  not  conclusive  as  tcTthe  electric  energy  of  either,  l^causo  the 
electric  state  of  each  may  possibly  be  reversed  by  contact  with  some  other 
substance.  These  positions  are  rigidly  exact  with  respect  to  all  the  simple 
substances,  except  oxygen  and  potassium ;  for,  as  the  former  yields  electri- 
city  to  all  other  substances,  it  must  always  be  negative,  and  as  the  latter 
takes  electricity  from  all  other  substances,  it  must  be  invariably  positive. 
Thus  it  is  plain  that  the  electric  energy  of  none  of  the  simple  bodies  is  abso- 
lute, except  that  of  oxygen  and  potassium ;  while  the  electric  energy  of  the 
remaining  simple  bodies  is  relative,  and  is  either  positive  or  negative,  ac- 
cording to  circumstances.  It  is  for  these  reasons  that  I  have  thought  that 
the  arrangement  of  bodies  into  negative  and  positive  electrics,  as  Dr.  Turner 
has  done,  afler  Berzelius,  is  objectionable,  as  leading  the  student  into  the 
error  of  sopfjosing  that  each  group  was  in  its  own  nature  either  negative  or 
positive^ — ^JE^ 
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tM  tlie  ftet,  ibr  the  dimimtioii  of  the  elementB  of  an  efectralTte  at  the  dee- 
trode,  it  is  enential  that  the  electrolyte  itself  nhoald  occupy  the  apace  be- 
tween the  electrodes,  and  be  in  contact  with  them.  The  theory,  however,  is 
at  preaent  incomplete :  it  affords  do  reason  for  the  disturbed  order  of  affini^ 
ties  in  the  elements  of  an  electrolyte ;  nor  is  it  apparent  how  the  chemical 
changes  between  the  electrodes  are  so  essential  as  they  seem  to  be  (page 
104)  to  the  passage  of  the  currents. 

Magneiie  ^eeU  sf  Gahammn* — ^The  power  of  lightning  in  destroying 
and  reversing  the  poles  of  a  magnet,  and  in  coromunicaling  magnetic  pro- 
pertiea  to  pieces  of  iron  which  did  not  previously  possess  them,  was  noticed 
at  an  earfy  period  of  the  science  of  eieotricity,  and  led  to  the  supposition  that 
mnilar  e&cts  may  be  produced  by  the  common  electrical  and  voltaic  appa^ 
latns.  Attempts  were  accordingly  made  to  communicate  the  magnetic  vir- 
tue by  means  of  electricity  and  galvanism ;  bat  uo  results  of  importance 
were  obtained  till  the  winter  of  lol9,  when  Professor  Oersted  of  Copenha- 
gen  made  his  famous  discovery,  which  forvaa  the  basis  of  a  new  branch  of 
sdenee.  (Annals  of  Philosophy,  xvi.  273.)  ^ 

The  fact  observed  by  Professor  Oersted  was,  that  the  metallic  wire  of  a 
dosed  voltaic  circle,  and  the  sai»e  is  true  of  charcoal,  aaline  fluids,  and  any 
conducting  medium  which  forms  part  of  a  closed  circle,  causea  a  magnetic 
needle  i^ced  near  it  to  deviate  from  its  natural  position,  and  assume  a  new 
one,  the  direction  of  which  depends  upon  the  relative  position  of  the  needle 
and  the  wire.  On  placing  the  wire  above  the  magnet  and  parallel  to  it,  the 
pole  next  the  negative  end  of  the  battery  always  moves  westward ;  and  when 
the  vrire  is  placed  under  the  needle,  the  same  pole  goes  towards  the  east.  If 
the  wire  is  on  the  same  horizontal  plane  with  the  needle,  no  declination 
whatever  takes  place;  but  the  magnet  shows  a  dtsposttion  to  move  in  a  yer- 
tical  direction,  tlie  pole  next  the  negative  side  of  the  battery  being  depressed 
when  the  wire  is  to  the  west  of  4t,  and  elevated  when  it  is  placed  on  the 
east  side.  Ampere  has  suggested  a  useful  aid  for  recollecting  the  direction 
of  theae  movements.  Let  the  observer  regard  himself  as  the  conductor,  and 
suppose  a  positive  electric  current  to  pass  from  his  head  towards  his  feet,,  in 
a  direction  parallel  to  a  magnet;  then  its  north  pole  in  front  of  him  will 
move  to  his  right  side,  and  iti  south  pole  to  his  left  The  plane  in  which 
the  magnet  moves  is  always  parallel  to  the  plane  in  which  the  observer  sup^ 
poses  himself  to  be  placed.  If  the  plane  of  his  chest  is  horizontal,  the  plane 
•f  the  magnet's  motion  will  be  horizontal;  but  if  he  lie  on  either  side  of  the 
horizontaUy  suspended  magnet,  his  fiuse  being  towards  it,  the  plane  of  hia 
chest  will  be  vertical,  and  the  magnet  will  tend  to  move  in  a  vertical  plane. 

The  extent  of  the  declination  occasioned  by  a  voltaic  circle  depends  upon 
its  power,  and  the  distance  of  the  connecting  wire  from  the  needle.  If  the 
apparatus  be  powerful,  and  the  distance  small,  the  declination  will  amount 
to  an  angle  of  45^.  ^t  this  deviation  does  not  give  an  exact  idea  of  the 
real  eSed  which  miy  be  prodnoed  by  galvanism ;  for  the  motion  of  the 
vukgnOic  needle  is  counteracted  by  the  magnetism  of  the  earth.  When 
the  influence  of  this  power  is  destroyed  by  means  of  another  magnet,  the 
needle  win  place  itself  directly  across  the  connecting  wire ;  so  that  the  real 
tendency  of  a  magnet  is  to  stand  at  right  angles  to  an  electric  current. 

The  communicatinir  wire  is  also  capable  of  attracting  and  repelling  the 
poles  of  a  magnet  lliis  is  easily  demonstrated  by  permitting  a  horizontally 
suspended  magnet  to  assume  the  direction  of  north  and  souui,  and  placing 
near  it  the  conducting  wire  of  a  closed  circle,  held  vertically  and  at  right  an- 
gleo  to  the  needle,  t&  poaitive  current  being  supposed  to  flow  from  below 
upwards.  When  the  wire  Is  exactly  intermediate  between  the  maffnetio 
poles,  no  cfiect  is  observed ;  on  moving  the  wire  nearly  midway  towards  the 
north  pole,  that  is^  to  the  pole  which  points  to  the  nortii,  the  needle  will  be 
attracted ;  and  repulsion  will  ensue  when  the  wire  is  moved  close  to  the  north 
pole  itself.  Similar  effects  occur  on  advancing  flie  wire  towards  the  south 
pole.  Such  are  the  phenomena  if  the  positive  current  ascend  on  the  west 
side  of  the  nee^;  but  they  are  reversed  when  the  wire  is  plaoed  verUealli^ 
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OB  the  east  side.    Altraelions  and  repohiom  Kkewiie  take  place  in  a  dip. 
pitigr  needle,  when  the  carrcnt  flowi  horiiontally  acron  it 

The  diaoovery  of  Oersted  was  no  sooner  announced,  than  the  experiments 
were  repeated  and  varied  by  philosophers  in  all  parts  of  Europe,  and,  as  wm 
to  be  expected,  new  ftcts  were  speedily  brought  to  li^ht.  Anioo|r  the  most 
successful  of  those  who  early  distinsruished  themselves  were  Ampere,  Biott 
and  Arago,  of  Paris,  and  Davy  and  I^raday  in  this  country.  A  boot  of  other 
able  men  have  since  added  their  contributions ;  and  their  joint  labours  have 
established  an  altogether  new  science,  ^etro-Dvnamict^  which  has  already 
become  one  of  the  most  important  branches  of  jmysical  knowled^,  and  atiu 
ofiers  a  rich  harvest  of  discovery  to  its  cultivators.  Those  who  wish  to  enter 
deeply  into  the  study  of  this  subject  should  consult  the  ReeueU  d'Oteeroc 
(tofis  EUetro-Dwiamiqueu  by  Ampere,  Professor  Cumming's  Manual  of  Elec* 
trcDynamics,  Mr.  Murphy*s  Treatise  on  Electricity,  and  the  second  editian 
of  Mr.  Barlow's  Essay  on  Magnetic  Attractions.  A  less  roatliematical,  and, 
therefore,  more  generally  intelligible  treatise  has  been  drawn  up  with  great 
ability  by  Dr.  Rogct,  and  published  as  part  of  the  Library  of  Useful  Know. 
ledge ;  and  a  Popular  Sketch  of  Electro-Magnetism  has  been  given  by  Mr. 
Watkins  of  Charing-cross.  To  these  works  I  refer  aa  supplying  that  detail 
of  the  facts  and  theories  of  electro-dynamics,  which,  as  belonging  more  to 
the  province  of  phvsics  than  chembtry,  is  unsuited  to  the  design  of  this  vol' 
ume.  My  object  Is  merely  to  give  an  outline  of  the  discoveries  in  electro- 
dynamics, and  to  convey  an  idea  of  the  nature  and  present  state  of  the  Science. 

The  phenomena  of  electro-dynamics  are  solely  produced  by  electricity  in 
motion.  Accumulated  electricity  giving  rise  to  tension,  which  acts  so  es- 
sential a  part  in  experiments  with  the  electrical  machine,  has  no  influence 
whatever  on  a  magnetic  needle.  The  passage  of  electricity  through  aolid  or 
liquid  conductors  is  essential;  antfit  is  remarkable  that  the  more  freely  the 
current  is  transmitted,  that  is,  the  more  perfect  the  conducting  substance, 
the  more  energetic  is  its  deflecting  power.  In  feet,  a  magnetic  needle  b  s 
C^lvano9cope,  by  which  means  the  existence  and  direction  of  an  electric  cur- 
rent may  be  detected.  It  was  early  employed  with  thb  intention  by  Ampere, 
who  (bund  that  a  voltaic  apparatus  itself  acta  on  a  magnetic  needle  placed 
upon  or  near  it  in  the  same  manner  as  the  wire  which  unites  its  two  extr^ 
mities ;  but  as  the  deflection  took  place  only  when  the  opposite  ends  of  the 
battery  were  in  communication,  and  ceased  entirely  when  the  circuit  wan 
broken,  he  inferred  that  electricity  passes  uninterruptedly  through  the  battery 
itself  when  the  circuit  is  closed,  and  not  at  all  in  the  interrnpted  circuit. 

But  a  magnetic  needle  will  not  only  indicate  the  exbtence  and  direction 
of  an  electric  current :  it  may  even  serve,  by  the  degree  of  deflection,  aa  an 
exact  measure  of  its  force.  When  used  for  thb  purpose,  under  the  name  of 
CkJioanometer^  some  peculiar  arrangements  are  required  in  order  to  ensure 
the  requisite  delicacy  and  precision.  Experiment  proves  that  a  magnet  is 
equally  afiected  by  every  point  of  a  conductor  along  which  an  electric  cur- 
rent is  passing,  so  that  a  wire  transmitting  the  same  current  will  act  with 
vttote  or  leas  energy,  according  as  the  number  of  its  parts  contiguous  to  the 
needle  is  made  to  vary.  On  vmm  principle  is  constructed  the  Gahanomeier 
or  MuUiflier  of  Schwei^ger.  A  copper  wire  b  bent  into  a  rectangular  form 
consisting  of  several  coib,  and  in  the  centre  of  the  rectangle  is  placed  a  de- 
licately suspended  needle,  as  shown  in  figure  16.  Each  coil  adds  its  in- 
fluence to  that  of  the  others ;  and  as  the  current,  in  its  progress  along  the 
wire,  passes  repeatedly  above  and  below  the  needle  in  opposite  directiomi, 
their  joint  action  is  the  same.  In  order  to  prevent  the  electricity  from  ] 
ing  laterally  from  one  coil  to  another  in  con-  Fig.  16. 

tact  with  it,  the  wire  should  be  covered  with 
silk.    The  ends  of  the  wire,  s  and  6,  are  left 
fVee  for  the  purpose  of  communication  with 
the  opposhe  ends  of  the  voltaic  circle.     When  ^ 
a  single  needle  is  employed,  aa  shown  in  the ' 
figure,  its  movements  are  influenced  pailly  by  the  earth's  magnetism«  and 
partly  by  the  electric  current    The  indications  are  much  more  delicate  when 
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the  oeedle  u  rendered  Mtatic,  that  is,  when  its  direetiTe  property  is  deetroyed 
by  ibe  proximity  of  another  needle  of  eqoal  magnetic  intensity,  fixed  peral- 
lei  to  it,  and  in  a  reversed  position,  each  needle  having  its  north  pole  adjaoent 
to  the  aonth  pole  of  the  other:  in  this  state  the  needles,  neotralinB|;  each 
other,  are  ana£fected  by  the  magnetism  of  the  earth,  while  they  are  atiU  sob- 
iect  to  the  inflaence  of  galvanism.  If^  as  in  the  last  figure,  tlie  lower  needle 
lie  within  the  rectangle,  and  the  upper  needle  just  above  it,  the  eleotric  cur- 
rent  flowing  between  will  act  on  both  in  the  same  manner.  For  researches 
of  deUcacy  the  needle  should  be  suspended  by  a  slender  long  thread  of  glass, 
and  the  deflec^ng  force  measured,  not  by  the  length  of  the  arc  traversed  by 
the  needle,  bat  by  the  torsion  required  to  keep  the  needle  at  a  constant  dis- 
tance from  the  wire,  as  in  the  torsion  electrometer  of  Couloomb  (page  81.) 
A  very  valaable  instrument  on  this  princi|^  has  been  described  by  my  ool- 
leaffue  Dr.  Ritchie  (Royal  Inst  Journal,  N.  S.  i.  31.)  ^ 

The  mntaal  influence  of  a  magnetic  pole  and  a  conducting  wire  dSnges 
with  the  distance  between  them.  Experiment  shows  that  the  action  of  a 
magnetic  pole  and  a  continuous  conductor,  every  point  of  which  eXerts  a  se- 
parate energy  on  the  pole,  varies  inversdy  as  the  distance.  This  result  jus- 
tifies  the  opinion  that  the  force  of  a  magnetic  pole  on  a  sifigl«  point  of  a 
conductor  varies  as  the  square  of  the  distance,  the  same  law  wnich  refplates 
the  distribution  of  heat  and  light,  as  well  as  the  effects  due  to  electricity. 

From  some  of  the  experiments  of  Oersted  above  mentioned,  it  was  at  first 
believed  that  a  force,  one  while  attractive  and  at  another  repulsive*  acted  in 
straight  lines  between  the  magnet  and  oondoetiog  wire;  but  on  examination 
all  the  nhenomena  are  found  referable  to  a  force  acting  tangentially  upon  the 
poles  or  a  magnet,  and  in  a  plane  perpendicular  to  the  direction  of  the  current 
Place,  for  instance,  a  blank  card  flat  on  the  table,  and  fix  a  wire  A  C  upright 
in  its  centre.  I^  then,  a  positive  electric  current  pass  up  or  down  the  wire,  a 
magnetic  pole  resting  on  the  card,  will  be  inclined  to  move  in  the  plane  of  the 
card,  and,  therefore, at  right  angles, to  the  curreot,and  to  describcA circle  roond 
Cas  its  centre.  If  a  north  pok)  beat  n  ends',  and 
a  south  pole  at  •  and  s',  and  a  positive  current 
deseend  as  shown  by  the  arrow  in  figure  17,  let 
fill!  from  each  pole  a  dotted  line  perpendicular  to 
the  wtfe  at  C,  and  each  dotted  line  will  be  the 
radios  of  the  circle  in  which  the  corresponding 
pole  will  rotate.  All  the  north  pokss  will  move 
in  the  line  of  the  tangent  directed  to  the  right  of 
the  radios,  and  will  £nre  the  same  course  as  the 
hands  of  a  watch  when  it  is  placed  on  a  table 
with  the  dial  plate  upwards ;  and  the  south  poles 
will  rotate  in  Uie  opposite  direction.  Should  the 
electric  current  be  aseending,  the  rotation  of  each 
pole  will  be  reversed.  If  the  current  move  hori- 
zontally, the  plane  of  rotation  will  be  vertical ; 
and  if  figure  17  be  moved  into  this  position,  the  positive  eunrent  still  flowing 
fivm  A  to  C,  the  arrows  on  the  eard  will  still  indicate  the  course  of  rotation. 

The  movements  first  observed  by  Oersted  (page  109)  are  referaUo  to  this 
principle.  When  a  magnetic  needle, 
movable  round  the  middle  of  its  axis, 
is  acted  on  by  a  parallel  enrrent,  its 
poles  receive  an  eqoal  bvt  contrary 
impulse,  and  the  needle  consequently 
comes  to  rest  across  the  direction  of 
the  current  If  a  vertieal  positive 
current  be  placed,  as  shown  la  figure 
18,  at  10,  on  the  right  side  of  a  hori- 
amtal  needle  N  S,  movable  round  C, 
the  pole  N  will  move  towards  it;  but 
if  the  enrrent  continue  at  le  while  the 
magnet  06P9pies  the  position  of  N'  W, 
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the  pole  N'  will  feoede  from  the  car. 
not :  that  there  is  the  appearance  of 
repulaioB  in  one  caae  and  of  attraction 
in  the  other. 

If  a  similar  current  were  without 
the  circle  in  which  a  horizontal  magf. 
net  moTes,  as  at  to  in  figure  19,  then 
the  maffnet,  stationary  at  N  S,  would 
at  first  have  its  poles  impelled  in  op-  w 
posite  directions;  but  when  it  reaches 
the  position  N'  S',  the  force  at  each 
pole  acts  on  the  same  side  of  the  ma||r. 
net's  axis.  The  poles  also,  being-  equi- 
distM^  from  to,  and  having  the  same 
inclination,  will  be  influenced  by  equal 
forces  acting  at  the  same  mechanical 
advanta^.  They  will,  therefore,  by  the  laws 
of  equilibrium,  have  a  resultant  which  will 
pass  directly  through  the  centra  of  motion. 
This  resultant,  represented  as  spplied  st  rf, 
will  tend  to  drew  the  wire  lo  and  the  middle 
of  tfie  magnetC  directly  towards  each  other. 
If  the  oonduoting  wire  to  were  on  the  right      ^/ 
instead  of  the  loft  side  of  the  magnet,  as  "^^  *^~ 
in  figure  20 ;  then  the  resultant,  passing 
as  before  through  the  centre  of  motion,  but 
in  an  opposite  direction,  tends  to  draw  the 
maffDCt  and  wire  directly  from  each  other, 
and  to  give  the  appearance  of  repulsion. 

The  same  principle  accounts  for  the  rotation  of  a 
magnetic  pole  round  a  current,  discovered  by  Fan- 
day.  Into  the  centre  of  the  bottom  of  a  cup,  as  in  the 
vertical  section,  figure  21,  a  copper  wire  c  d  was  in- 
■erted,  a  cyrmdrical  magnet  n  s  was  attached  by  a 
thread  to  the  copper  wire  c,  and  the  cup  was  nearly 
filled  with  mercury,  so  that  the  pole  n  only  of  the 
magnet  projected.  A  conductor  a  h  was  then  fixed 
in  ttie  mercury  perpendicularly  over  the  wire  c  On 
connecting  the  conducting  wires  with  the  opposite 
ends  of  a  battery,  a  current  was  transmitted  from  one 
wire  through  the  mercury  to  the  other.  If  the  posi- 
tive current  descend,  the  north  pole  of  the  magnet,  if 
uppermost,  will  rotate  round  the  wire  a  (,  passing 
from  east  through  the  south  to  west  like  the  move-  8/ 
ments  in  the  hands  of  a  watch ;  and  if  the  current 
ascend,  the  line  of  rotation  will  be  reversed.  Under 
similar  circumfttanoos  the  south  pole  would  in  each 
case  rotate  in  the  opposite  direction. 

If  a  magnetic  pole  rotate  round  a  conductor,  a  oon« 
doctor  will  be  equally  disposed  to  rotate  round  a  mag. 
netic  pole,  just  as  a  magnet  moves  towards  iron  or 
iron  towards  a  magnet,  according  as  one  or  other 
is  fVee  to  move.  Accordingly,  on  fixing  a  magnet 
vertically  in  the  middle  of  a  cup  of  mercury,  fig.  22, 
and  transmitting  a  current  by  the  moveable  conductor 
a  h  through  the  mercury,  and  along  a  second  con- 
ductor d,  fixed  as  before  in  the  bottom  of  the  cop* 
Faraday  found  that  the  free  extremity  (  of  the  wire 
moved  round  the  pole  of  the  magnet  in  a  direction 
■imtlar  to  the  last 

It  is  obvious  that  the  direetioii  of  rol«tion  imparted 
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W  ft  fijDBd  cnriBBt  to  the  moffetUe  pole,  wiU  be  iiMtMel  with  tinft  wUch 
Ike  sane  pole  tends  to  insput  to  tiie  seme  camnt     Tfant  lit  «  w 
6gwn  23  repreeCnt  the  eeolion  of  a  wire  aloof  wliich  a  poaMivo  eleolric 
oamnt  ia  ileaoendiB|r,  uid  m  the  north  pole  of  a  aMgnet    If      Fig.  SB. 
»  impel  m  towasda  the  right  aide,  m  will  give  an  impube       ^    ^ 

to  »  in  the  opposite  dife^im,  as  indicaied  by  the  arrows.       '^  i ^ 

Each  is  dieposod  to  describe  a  circle  nMind  the  other  as  a  cen- 
tre,  moving  in  tiie  same  direction  as  the  hands  of  a  wateh 
with  its  dial  upwards;  and  if  w  and  n  were  eqaally  free  to 
move,  thcT  wcmld  act  as  a  ooaple  in  stotin,  and  tend  to  ro- 
lite  romid  the  middle  of  the  dotted  line  which  joins  them.         ^ 

Hie  advantage  of  the  rectangolar  fi>rm  in  the  constraction 
of  a  galvanometer  (page  110)  will  now  be  intelligible.    A  aiMrnetio  needle 
N  S,  pointing  north  and  south,  and  sospended  fay  the  paint  C  honioHlally 
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within  the  rectangle, 
figure  24,  will  be  in- 
fluenced in  the  same 
manner  hy  each  of 
its  sides.  Uitwd  posi- 
tive electric  current 
flow  from  A  horiaon- 
tally  above  the  nee- 
die  from  north  to 
south,  and  then  sue- 
oessivelj  along  the 
other  dvee  sides  op 
to  fi^  the  separate  mflaenoe  of  each  nde,  agreeably  to  the  principle  above 
illostrated,  will  impel  the  north  pole  eastward,  and  the  south  to  the  west 
The  little  cops  A  B  are  designed  to  contain  mercury,  and  aflbrd  a  ready 
means  of  connecting  the  rectangle  with  the  opposite  sides  of  a  galvanic  oom- 
faination. 

If  the  rectangle,  in  the  last  combination,  have  the  property  of  impelling 
the  north  pole  of  a  magnet  to  ite  riffht  side,  the  north  pole,  when  plseed  on 
that  side,  wffl  give  an  opposite  impulse  to  the  rectangle.  This  may  be  shown 
by  an  elegant  apparatus  of  De  la  Rive,  which  consiste  of  a  circukr  copper 
wire,  the  atremities  of  which  are  passed  through  a  cork,  and  soldered  to  a 
plate  of  anc  and  copper.  On  placing  the  arrangement  in  a  vessel  of  aoidn- 
fated  water,  a  positive  dectric  current  passes  from  the  copper  plate  round 
the  circle  to  the  sine,  as  shown  in  figure  Fif  .  as. 

S5;  and  IS  the  cork  renders  the  apparatus 
hoeyant,  a  very  sliffbt  ibroe  will  throw  it 
into  motion.  It  will  exhibit  various  pbe- 
Mnena  of  attractian  and  repulsion,  all 
aphoable  on  the  prineii^  already  ex- 
phoned,  aoeordwg  to  the  relative  position 
of  the  magnetie  pole  which  b  prennted. 
The  apparatns  will  he  more  powerful  if 
the  eondnelbg  wire,  covered  with  silk,  to  prevent  lateral  oonmunioatioB,  be 
Anted  into  several  circles  of  the  same  diameter,  on  the  prineipfe  of  the 
auHipKer. 


A  earrent  of  volteic  electricity 
let  ooly  determines  the  position 
of  1  magnet,  but  renders  steel 
penntnently  magnetic.  This 
wu  observed  nearly  at  the  lame 
time  by  Arago  and  Davy,  who 
ftond  that  when  needles  are 
plaoed  at  right  angles  to  the 
coodncting  wire,  permanent 
^  is    commonicated ; 
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•ad  Dufj  alto  lOoeeeJed  in  prodaciiif  this  elbct  even  with  a  aiiook  of 
•bctricity  from  a  Leyden  phiaL  Araffo»  at  the  aof  gortion  of  Amptee,  made 
a  Toltaio  oondador  into  tho  ionn  of  a  helix,  into  the  axis  of  whieh  he 
placed  a  needle,  as  in  figore  3S.  As  in  this  arranfement  the  corrent  nearly 
m  every  part  of  iti  oourae  is  at  right  angles  to  tlM  needle,  and  as  each  ooil 
adds  its  effect  to  that  of  the  others,  the  united  action  of  the  heliz  is  eac 
tremely  powerful.    The  needle  was  tlins  fiiUjr  magnetized  in  an  instant 

Though  soft  iron  does  not  retain  magnetiim,  iti  magnetic  properties 
while  under  theiofloenceof  an  electric  current  are  very  surprising.  A  piece 
of  soft  iron  about  a  foot  lon^r  and  an  inch  in  diameter  is  bent  into  the  fivm 
of  a  borse-sboe,  a  copper  wire  is  twbted  round  the  bar  at  right  angles  to  iti 
axis,  and  an  armature  of  loft  iron,  to  which  a  weight  may  be  attached,  is 
fitted  to  it!  extremities,  as  in  Fif.S7. 

figure  27.  On  connecting  the 
ends  of  the  wire  with  a  simple 
▼oltaic  circle,  even  of  small 
size,  the  soft  iron  instantly  be* 
comes  a  powerful  magnet,  and 
will  support  a  weight  of  50, 
60,  or  even  70  pounds.  In- 
creasing  the  number  of  coils 
gives  a  great  increase  of  pow- 
er; but  as  the  length  of  wire 
required  for  that  purpose  di. 
minishes  the  influence  of  the 
current  (page  97),  the  follow- 
ing arrangement  has  been  suc- 
cessfully adopted.  The  total 
length  of  copper  wire  intend- 
ed  to  be  used  is  cut  into  aeve- 
ral  portions,  each  of  which, 
covered  with  silk  or  cotton 
thread  to  prevent  lateral  com- 
munication,   is    coiled    sepa- 

rately  on  the  iron.  The  ends  of  all  the  wires  are  then  collected  into  two  separate 
pnroeb,  and  are  made  to  communicate  with  the  same  voltaic  battery,  taking 
care  that  the  positive  current  shall  pass  along  each  wire  in  the  same  direc- 
tion.    The  current  is  thus  divided  into  a  number  of  branches,  and  has  only 
a  sJiort  passage  from  one  end  of  the  battery  to  the  other,  though  it  gives 
T^f/  ^  *  multitude  of  coils.    A  combination  of  thb  kind,  connected  with 
IVi    7       ^^®  ^*  •quare,  supported  2063  pounds,  or  nearly  a  ton  weight, 
in  witnessing  the  influence  of  voltaic  conductors  over  the  directive  pro- 
•3f  o/'#k'"**"®**'  *"^  *"  inducing  magnetism,  it  is  difficult  to  divest  one's 
awi  «il  ""^  ®®'>^«cUon   that  these  conductors,  while  transmitting  a  current, 
reoeS^7fS   ^^  ™*ffnetic    This  belief  was  early  entertoined  by  those  who 
wisB^Hn   ^'ff^'^f^tM  of  Oersted,  and  experimental  evidence  of  ito  truth 
inr  tST^nH  J      ""5!*^:     ^"fi^^  *"^  ^^  «*""**  t^»t  »  <»PI»'-  ^'^^  connect. 
•twiUv  fell  nflP     ^*^*®  combination  attracted  iron  filings,  but  that  they  in- 

i5m7ve^en2:rerrnot'?^^  '^^  *"^'"'  "^*  conductor,  4han 

•o  by  fiietion  or  sravitT   Wu  '*"• 

diMit,  like  M  ordinary  ma«,« 
to  the  mvnetio  .geicy  Tthe 

mv^be  exhibited  byT% 
w«^  th.  |jeta«»  i.  more  oonspi. 
•2«^  when,  CO  the  priDeijfa 
*pHw.  the  con. 
into  ft  epiral, 
lect* 


in 


I  bj  B  in  theume  fip^ine.  WImb  Ihe  I 
is  connected  with  a  floating  gahranicoombination  u  in  fi(im  35,  oris  verj 
dftfiflitely  raqpended,  the  iptane  of  the  opinl  placeo  itaeif  cut  and  well,  the 
positive  current  aaoending  on  the  west  ode  and  desoendinr  on  the  east :  the 
pontive  corrent,  in  &ct,  takes  the  aame  course  as  the  han£  of  a  watch,  when 
it  is  held  oo  e^ge  with  the  plane  of  the  dial  IjinF  east  and  west,  fiuang  the 
sooth.  That  aide  of  the  spiral  which  is  towards  the  noorth,  consistent]/  with 
an  experiment  already  mentioned  (page  113),  acts  as  the  north  poJe;  and 
the  south  aide  of  the  spiral  has  an  opposite  polarity.  Each  side  is  power- 
folly  attractive  to  iron  filings.  Another  convenient  fi>nn  of  the  condactor 
is  tlie  helix,  figore  3€.  Each  coil  of  the  helix  is  a  separate  magnet,  and 
tends  to  place  itself  in  the  same  poaitioo  aa  the  spiral  or  rectangle ;  but  the 
multiplied  eflfect  of  all  the  coils  causes  north  and  sooth  polarity  to  be  acco- 
mulated  at  the  oppoeile  ends  of  the  helix,  and,  therefore,  to  be  separated,  not 


by  the  mere  thickness  of  the  wire,  but  by  the  whole  length  of  the  helix. 

Since,  therefore,  the  conductors  just  described  may  he  regarded  as  meg* 
nets,  such  maffnetixed  conductors  ought  mutually  to  repel  or  attract  eadi 


other,  when  p^ee  of  the  same  or  a  dirorent  nature  are  adjacent ;  and  as  tbs 
action  of  a  whole  spiral  or  rectangle  is  merely  the  accumulated  eflbet  of 
its  individual  parts,  it  is  fair  to  presume  that  eaeh  small  portion  of  a  eon- 
doctor  has  its  opposite  sides  in  a  state  of  opposite  polarity,  and  that  two 
such  conti^ous  portions  should  attract  or  repel  each  other  on  the  same 
principle  as  the  spirals  of  which  they  constitute  a  part  Nay,  even  different 
parts  of  the  aame  conductor  ought  to  be  mutually  attractive  or  repulsive. 
These  inferences  from  the  facts  already  detailed,  were  fully  demonstrated 
hj  Ampere  soon  ailer  the  discovery  of  Oeratod.  He  proved  that  two  vol. 
taic  conducton^  or  two  portions  of  the  same  omductor,  attract  each  other 
when  the  currents  have  the  same  direction,  and  are  mutually  repulsive 
when  they  are  traversed  by  opposite  currents ;  which  is  exactly  what  would 
be  anticipated  from  *the  magnetic  in-  Fig.  89. 

floence  of  conductors.    Thus,  in  the 
two  parallel  positive  currents,  AB  and  j\  - 
CD,  figure  39,  which  flow  in  the  same 

direction,  the  contiguous  sides  are  af-    ^ _ — \^ -j) 

ftcted   with   an  opposite  polarity,  one  ^ 

being    south    and    the    other    north; 

whereas  in  the  two  contrary  currents, 

£F  and  GH,tbe  adjacent  sides  have  the 

same  polarity,  and  therefore  repel  each 

other. 


Similariy  when  two  currents  cross  each 
other,  as  AB  and  CD,  figore  30,  it  is  ob. 
▼ious  that  at  two  of  the  four  comers,  AD 
and  CB,  similar  poles  are  contiguous;  while 
at  the  other  cornen  different  poles  concur. 
Hence  the  wires  tend  to  revolve  round  £, 
and  place  themselves  parallel  to  the  cur- 
rents  so  that  both  may  flow  in  the  same 
directioo*. 

If  a  moveable  conductor  CD  be  wholly  on  one  side  of  AB,  as  in  figwe 
31,  repulsion  will  ensue  on  one  side  and  attraction  on  the  other.  The 
direction  in  which  these  forces  act  is  indicated  by  the  dotted  arrows,  e  b 
and  eg;  and  they  give  a  resultant  er,  which  tends  to  draw  CD  to  the 
right  side. 
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Figvre  33  abowi  the  effsct  of  revertiBg  tbe  eurrent  in  C  D,  whioh  wiU 
oonsequentlj  be  drawn  bj  a  force  at  right  inglei  to  itself  to  tiie  left  ekie. 

If  in  the  last  ease  the  conductor 
CD  were  moreaUo  round  C  m  a 
centre,  then  the  reraltant  e  r  would 
draw  D  towards  F,  figure  33;  but  if 
the  current  in  either  conductor  were 
reversed,  CD  wonld  tend  to  rotate 
towards  G. 

These  are  a  few  ezampleB  of  the 
numerous  fiicts  experimentalljr  proved 
by  Ampere  concerning  the  action  of 
voltaic  conductors  on  each  other.  It  is  to  this  branch  of  the  subject  the 
term  of  JSlMfro-Dynamtcs,  or  the  ncienoe  of  electricity  in  motion,  is  wtuat- 
times  restricted,  while  the  mutual  action  of  conductors  and  magnets  is 
oallai  Eleciro-MagnHism;  but  these  two  branches  are  so  entirely  peiti  of 
the  same  science,  that  I  hare  included  both  under  Amp^reV  term  of  Eleotro- 
Dynamics.  Any  one  who  has  studied  the  few  preceding  pages  with  mode- 
rate care,  cannot  fail  to  trace  a  close  analogy  between  a  helix  traversed  hj 
an  electric  current  and  a  magnet.  The  former  is  affected  by  other  voltaic 
conductors,  by  the  poles  of  a  magnet,  and  by  tbe  magnetism  of  the  earth, 
in  the  same  manner  as  tbe  latter.  It  was  this  similarity,  or  rather  identity, 
of  action  which  led  Ampdre  to  his  theory  of  magnetism.  He  supposes  that 
the  polarity  of  every  magnet  is  solely  owing  to  the  circulation,  within  its 
substance  and  at  its  surface,  of  electric  currents,  which  continually  paM 
around  all  its  particles  in  planes  perpendicular  to  its  axis.  On  placing  a 
magnet  in  its  natural  position  of  north  and  south,  tbe  direction  of  its  our- 
rents  is  exactly  the  same  as  in  the  conductors  of  figure  28,  descending  on 
the  east  side,  passing  under  the  magnet  from  east  to  west,  and  ascending  on 
the  side  next  the  west  In  like  manner  are  currents  supposed  to  circulate 
within  the  earth,  especially  near  its  surfece,  passing  fi-om  east  to  west  in 
planes  parallel  to  the  magnetic  equator.  These  terrestrial  currents  cause  all 
bodies,  which  are  freely  suspended,  and  are  possessed  of  electric  currents^  to 
place  themselves  in  such  a  position  that  the  current  on  their  under  side 
should  flow  in  parallelism,  and  in  the  same  direction,  with  that  in  the  earth 
immediately  beneath.  That  the  existence  of  such  currents  will  aoooont  ibr 
the  directive  property  of  the  earth,  follows  from  the  mutual  action  of  oon* 
ductors;  and  Mr.  Barlow,  to  render  the  analogy  still  more  complete,  oon* 
structed  a  hollow  sphere  of  wood,  in  which  electric  currents  were  made  to 
circulate  in  the  same  direction  as  they  are  thought  to  do  in  the  earth ;  and 
by  placing  an  astatic  needle  on  different  parts  of  its  surface,  he  found  that 
aU  the  phenomena  of  terrestrial  magnetism  might  be  imitated.  Observation 
has  even  supplied  a  cause  for  the  existence  of  currents  in  the  earth,  moving 
in  the  direction  which  theory  requires.  The  diurnal  rotation  of  our  planet 
on  its  axis  exposes  its  surfa<»  to  be  heated  in  a  direction  passing  from  east 
to  west ;  and  the  discoveries  which  have  been  made  in  thermoelectricity 
(pase  75)  suffidently  prove  the  probability  of  electric  currents  bein||r  esta* 
Uisned  in  the  conducting  matter  of  the  earth  by  tbe  successive  heatmg  of 
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lis  parte,  in  diort,  the  theory  of  Amptee  eonnecte  the  &ete  of  eleetro- 
dynuBioe  with  the  phenomena  of  terrestrial  magnetkoi,  and  ailbtda  a 
eplendid  instanoe  of  the  appUcataon  of  mathematical  analyaiB  to  phyaical 


VpUtt-dectrie  Iwrfitffieii^— TTie  developmeiit  of  eleetricitj  by  the  vieiiiity 
of  an  ezcitad  body,  already  deaeribed  under  the  name  d  indnced  electricity 
(page  78),  led  Mr.  Faraday  lo  inqnire  whether  electrici^  in  motion,  aa  weu 
aa  that  of  tension  and  at  rest,  may  not  be  ezdted  by  induction.  Thoofh 
baffled  in  his  early  attempts,  he  at  last  succeeded  m  laying  open  a  new 
branch  of  electrobdynamics,  which  Ties  in  interest  and  importance  with  the 
fimdamental  discovery  of  Clersted  (PhiL  Trans.  1831).  A  copper  wire  903 
feet  long  was  paased  m  form  of  a  helix  round  a  large  block  of  wood,  and  an 
equal  length  of  a  similar  wire  was  wound  on  the  same  block  and  in  the 
same  dir^stion,  so  that  the  coils  of  each  helix  should  be  interposed,  but 
without  oontn<^  between  the  coils  of  the  other.  The  ends  of  4Mie  of  the 
helioes  were  connected  with  a  galvanometer,  and  the  other  with  a  strong 
gahanie  baUeiy,  with  the  view  of  ascertaining  whether  the  passage  of  an 
eleetiic  current  through  one  helix  would  induce  a  current  in  the  adjoining 
hdix.  It  -was  found  that  the  galvanometer  needle  indicated  a  current  at  the 
moment  both  of  completing  and  breaking  the  circuit,  but  that  in  the  interval 
no  deflection  took  place ;  and  similarly  the  induced  currents  readily  may- 
netized  a  sewing  needle,  while  the  electric  current  along  the  inducing  hebz 
waa  in  the  act  S£  beginning  or  ceasing  to  flow,  but  at  no  other  period.  By 
varying  the  experiment  m  aame  result  was  obtained;  an  electric  current 
transmitted  from  a  voltaic  battery  through  a  conducting  helix  does  not  in- 
dooe  a  onnent  in  an  adjoining  helix,  except  at  the  moment  of  making  or 
breakings  the  voltaic  cirouit  In  the  former  case  the  direction  of  the  in- 
dnced  current  is  opposite  to  that  of  the  indocin|f  current,  and  in  the  latter 
case  it  is  the  aame.  This  phenomenon  is  distinguished  by  Faraday  under 
the  name  of  Vdta^leeirie  indveUon. 

The  inducing*  power  of  a  magnet  greatly  exceeds  that  of  an  electric  cur- 
rent  A  ring  m  soft  iron  was  ooverMi  to  nearly  half  its  extent  by  several 
helices,  the  ends  of  which  were  brought  together  so  as  to  constitute  a  com. 
pound  helix  terminating  in  the  conductors  a  fr, 
figure  34;  and  on  the  other  half  of  the  ring 
were  arranged  similar  helices  which  commu- 
nicated by  ed  with  a  galvanometer.  The  two 
sets  of  helioes  were  thus  separated  from  each 
other  by  portions  of  the  ring  M  M',  and  were 
protected  by  doth  from  direct  contact  with  the 
ring  itsel£  At  the  moment  the  wires  a  6 
touched  the  ends  of  a  voltaic  combination,  the 
galvanometer  was  strongly  affected :  the  needle 
then  retomed  to  its  former  porition  and  remained  there  until  the  voltaic 
circuit  was  broken,  when  the  needle  was  again  deflected  as  strongly  as  be- 
fore, but  in  the  opposite  direction.  The  action  was  still  greater  when  both 
compound  helices  were  on  the  same  part  of  the  ring,  the  induction  being- 
increased  apparently  by  the  closer  contiguity  of  the  helices.  Another  of 
Faraday*s  arrangements,  which  was  in  several  respects  more  convenient 
than  the  ring,  consisted  of  a  hollow  cylinder  of  pasteboard,  round  which  two 
compound  IxJices  were  adjusted.  On  connecting  one  hdix  with  a  voltaic 
oombination,  the  other  deflected  the  galvanometer  and  magnetized  a  needle, 
as  in  the  experiments  of  volta-electric  induction  at  first  described;  but  when 
a  cylinder  of  soft  iron  was  introduced  into  the  pasteboard  case,  and  a  voltaic 
current  transmitted  as  before,  the  effect  on  the  galvanometer  was  mnoh 
greater.  The  action  in  this  last  experiment  and  with  the  iron  ring  is  dis- 
tinguished  by  the  name-of  Magntto-tUdrie  tmiueCion.  •    •  ^ 

The  phenomena  arising  from  magneto^eleotric  and  volta-electnc  induction 
are  manifestly  owing  to  the  same  condition  of  the  indoced  wire :  the  aetion 
on  the  needle,  though  diflferent  in  fiirce,ia  identical  in  kmd.    ItisequaHy 
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elear  tfiat  tha  agent  bronght  into  operation  ia  the  induood  wire  is  an  elee- 
Irio  correat,  or,  to  dismiM  the  language  of  theory,  that  the  induced  wire  in 
bk  the  same  electric  state  as  the  conducting  wire  in  a  doaed  ? oltaic  circle. 
Its  power  in  magnetizing  steel  and  deflecting  a  magnet  is  sufficient  evi- 
dence of  this ;  bat  Faradajr,  by  magneto-electric  induction,  saeoeeded  in 
throwing  a  firog*s  leg  into  spasms  by  connecting  it  with  the  induced  wire; 
and  by  arming  the  ends  of  that  wire  with  points  of  charcoal,  and  separating 
them  at  the  instant  the  galvanic  circuit  of  the  inducing  wire  was  broken  or 
restored,  sparks  of  electricity  were  obtained.  The  mode  in  which  soft  iron 
contributes  to  the  effect  is  likewise  obvious.  An  electric  current  circulating 
foond  a  bar  of  soft  iron  has  been  shown  to  convert  it  into  a  temporary 
magnet  possessed  of  surprising  power  (page  114) ;  and  it  as  doubtless  to 
this  magnet,  called  into  temporary  existence  by  the  electric  current,  roost  of 
the  induced  electricity  is  to  be  ascribed.  Faraday  reduced  this  to  certainty 
by  surrounding  a  cylinder  of  soft  iron  with  one  heUx  connected'  with  the 
galvanometer,  and  converting  the  soft  iron  into  a  temponury  magnet,  not  by 
a  voltaic  battery,  but  by  placing  at  each  end  of  the  cylinder  tM  opposite 
pole  of  a  magnet  During  the  act  of  applying  the  magnetic  poles  to  the 
iron,  tlie  galvanometer  ne^lle  was  deflected ;  and  the  deflection  was  repro- 
duced, but  in  the  opposite  direction,  when  the  magnetism  of  the  iron  was 
ceasing  by  the  removal  of  the  magneL  Similarly  when  a  helix  was  wound 
on  a  hollow  cylinder  of  pasteboard,  and  a  real  ma|rDet  was  introduced,  the 
galvanometer  was  deflected:  the  needle  then  remained  quiescent  ao  long  an 
the  magnet  was  left  in  the  cylinder;  but  in  the  act  of  its  removal,  the  nMdle 
was  again  deflected,  though  as  usual  in  the  opposite  direction. 

These  singular  phenomena,  which  establish  such  new  and  intimate  rda- 
tions  between  voltaic  and  magnetic  action,  and  supply  additidnal  evidence 
in  ikvour  of  Ampere's  beautifiu  theory  of  magnetbm,  have  led  to  an  experi- 
ment by  which,  at  first  view,  an  electric  spark  appeared  to  be  derived  from 
the  magnet  itself.  After  Faraday  had  announced  his  experiment,  above 
mentioned,  of  obtaining  a  spark  from  the  induced  wire,  other  attempts  were 
made  to  effect  the  same  object  with  a  magnet,  without  the  aid  of  galvanism. 
The  first  person  who  succeeded  in  this  country  was  Professor  Forbes,  who 
operated  with  a  powerful  loadstone  which  had  been  presented  to  the  Univer- 
sity of  Edinburgh  by  Dr.  Hope.  (Phil.  Trans,  of  Ed.  1832.)  A  helix  of 
copper  wire  was  formed  round  the  middle  of  a  cylinder  of  soft  iron,  which 
was  of  such  length  that  its  extremities  reached  from  one  pole  of  the  loadstone 
to  the  other.  On  applying  and  withdrawing  the  soft  iron  cylinder  to  and 
from  the  poles  of  the  loadbione,  magnetism  was  alternately  created  and  de- 
stroyed within  it  At  these  periods  of  transition,  electric  currents  were  in- 
duced in  the  helix  surrounding  the  soft  iron ;  and  when,  at  these  instants, 
metallic  contact  between  the  conducting  wires  of  the  helix  was  broken,  an 
electric  spark  was  visible.  Mr.  Forbes  succeeded  best  bv  connecting  one 
wire  with  a  cup  of  mercury,  and  removing  the  other  wire  from  contact  with 
its  surface  at  the  instant  when  an  assistant  withdrew  the  armature  of  soft 
iron  from  the  loadstone.  In  this  experiment,  therefore,  the  electricity  was 
obtained  from  the  helix,  and  was  induced  in  it  by  the  soft  iron  while  in  the 
act  of  acquiring  or  losing  magnetism.  The  same  experiment  was  perform- 
ed by  Mr.  Faraday  with  a  loadstone  belonging  to  Professor  Danlell;  and 
shortly  before  the  experiment  of  Mr.  Forbes,  NobUi  and  Antinori  succeeded 
with  an  ordinary  steel  magnet  Pixii  in  Paris  afterwards  performed  this 
experiment  with  great  effect  by  causing  a  strong  horse-shoe  magnet  to  re- 
volve upon  an  axis,  iu  poles  passing  in  rapid  succession  in  ft-ont  of  a  soft 
iron  armature  of  the  same  form ;  and  a  still  better  arrangement  is  to  canso 
the  armature  to  revolve  in  front  of  the  poles  of  a  powerful  magnet,  as  in  the 
instrument  fitted  op  by  Mr.  Saxton,  and  exhibited  at  the  Addaide-rooma, 
London.  The  voltaic  currents  are  induced  in  one  direction  as  the  armature 
approa6hes  the  magnetic  poles,  and  are  reversed  as  it  quits  them;  so  lliat 
the  currents  change  their  direction  twice  in  each  revolution.  On  all  theoe 
nocattons  the  soaroe  of  the  electricity  is  the  same,  being  always  indno^  in 
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the  helix  by  ft  tamporwry  mgiMt;  tad  it  has  all  the  churacten  of  a  veftate 
comDL  It  prodnees  briUiaDt  sporka,  retidejrB  platinom  wire  red*hot,  and 
gifes  &  aCnng  afaock.  It  readiljr  explodes  |^D|>owder;  and  Dr.  Ritchie  haa 
fitted  «p  an  apparatos  for  exploding  with  it  a  mixture  of  oxygon  and  hydro- 
gen saaes.  It  decompoaes  water  rapidly;  and  though  hem  the  rapid  re« 
veraal  in  the  direction  of  the  currents,  both  gasea  are  given  off  at  the  aama 
wire,  Pixii  auoceeded  in  collecting  them  eeparately.  (An.  do  Ch.  et  de  Fh» 
li.  72.) 

Lutimatcly  associated  with  magneto-electrie  induction,  if  not  referahle  to 
the  ?ery  aaine  origin,  is  the  induction  of  electric  currents  hy  movement. 
On  introdaeing  a  magnet  into  a  hollow  helix  of  copper  wire,  as  also  on 
withdrawing  the  magnet  afler  its  introduction,  an  electric  current  was  mo« 
mentarily  iniduccd  in  the  wire ;  and  if,  the  magnet  being  stationary,  the 
hetix  were  moved  in  its  vicinity,  an  electric  current  is  hkewise  indnoed. 
The  action  ia  not  confined  to  magnets  and  copper  wire ;  but  in  all  solid  con* 
dnctora  of  electricity,  when  moved  near  the  pole  of  a  magnet,  an  electric 
eorrent  is  generated,  and  the  most  perfect  conductors  act  with  the  grei^eat 
eflect  The  direction  of  the  movement  is  not  immaterial :  it  is  essential 
that  the  plane  in  which  the  conductor  moves  should  form  an  angle  with  the 
axis  of  the  magnet ;  and  the  most  powerful  currents  were  induced,  when 
the  plane  of  motion  was  at  right  angles  to  that  axis,  and  hence  parallel  to 
the  electric  currents  which  Arapdre  supposes  to  exist  in  the  magnet.  The 
direction  of  the  currents  depends  on  the  direction  of  motion.  If  the  move- 
ment of  a  wire  firom  right  to  left  cause  a  certain  current,  an  opposite  cur- 
rent will  be  induced  when  the  wire  is  moved  from  led  tn  right.  In  short, 
with  regard  to  the  direction  of  an  induced  current,  Mr.  Faraday's  researchea 
establish  this  law,  deduced  by  Dr.  Ritchie :  if  a  wire,  conducting  voltaic 
electricity,  produce  on  magnets  or  conductors  certain  motions,  whether  re- 
pulsive, attractive,  or  rotatory;  and  if  the  battery  be  removed,  the  endsof  Uie 
•  wires  broueht  into  metallic  contact,  and  the  same  motions  be  produced  by 
mechanical  means,  the  conductor  will  have  the  same  electric  state  induced 
in  it  as  it  had  when  connected  with  the  battery.  (Phil.  Mag.  3rd  series, 
iv.  12.) 

Mr.  Faraday  has  applied  this  principle  in  a  most  happy  manner  to  ex- 
plain the  phenomena  of  rotation  discovered  by  M.  Arago.  If  a  plate  sf 
copper  be  revolved  close  to  a  magnetic  needle  suspended  so  that  it  may 
rotate  in  a  plane  parallel  to  the  plate,  the  needle  will  rotate  in  the  same 
direction;  and,  reciprocally,  a  rotating  magnet  tends  to  give  rotation  to  a 
contiguous  copper  plate.  The  same  efiects  are  produced  by  the  rotation 
not  only  of  all  metals,  but,  according  tu  Arago,  of  all  bodies,  whether  solid, 
liquid,  or  gaseous.  These  effects,  wnich  Faraday  has  principally  examined 
in  reference  to  the  rotation  of  metals,  are  entirely  owing  to  electric  currents 
induced  by  the  rotation,  and  flowing  at  right  angles  to  the  direction  of  mo- 
tion.    Suppose  abd,  figure  35,  to  be  a  circular  metallic  pj^ .  25, 

plate,  placed  horizontally,  and  capable  of  revolving  round 
its  centre  c ;  and  let  n  be  the  north  pole  of  a  magnet 
situated  above  the  plate  near  its  circumference  at  a.  If 
a  positive  electric  current  were  to  flow  along  the  plate 
from  c  to  a,  the  pole  n  would  be  impelled  at  rieht  angles 
in  the  direction  indicated  by  the  arrow;  and  hence  if 
the  plate  were  made  to  revolve  in  the  same  direction,  in- 
dicated by  the  arrows  at  b  and  d,  an  induced  positive 
current  would  instantly  flow  from  c  to  a.  Its  direction 
would  be  constantly  in  that  line,  being  at  right  angles  to  the  dotted  arrow, 
which  indicates  the  direction  in  which  that  part  of  the  plate  nearest  to  the 
pole  is  moving.  Hence  the  pole,  acted  on  by  the  induced  current,  would 
receive  an  impulse  in  the  same  direction. 

If  motion  in  the  vicinity  of  a  magnet  induce  an  electric  current,  the  same 
effect  would  be  anticipated  from  the  magnetic  influence  of  the  earth  ;  and 
this  fiict  has  been  proved  by  Mr.  Faraday  by  most  decisive  and  mteresting 
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ezperimenli.  When  atar  ofioA  iron  is  held  in  the  poatknof  tfaedippinf 
needle,  tiie  direction  of  which,  in  regmrd  to  torreitriu  magnetism,  is  enslo- 
foos  to  the  axis  of  a  common  magnet,  it  acquires  magnetic  properties;  and, 
accordingly,  on  introdocinff  a  soft  iron  cylinder  into  a  hollow  helix  of  cop- 
per placed  in  the  line  of  mo  dip,  a  galvanometer  connected  with  the  helix 
was  instantly  affected.  Bat  the  use  of  iron  mav  be  dispensed  with  altoge- 
ther ;  for  when  a  helix  of  copper  wire  was  simply  moved  at  right  angles  to 
the  dippinijr  needle,  electric  currents  were  induced  by  the  magnetism  of  the 
earth.  The  form  of  a  helix  ia  not  even  necessary :  the  movement  of  a  piece 
of  copper  wire  across  the  line  of  dip  developed  currents  in  the  wire.  The 
same  effect  was  produced  by  the  rotation  of  a  copper  plate  placed  horiion. 
tally  so  as  to  be  nearly  at  right  angles  to^  the  line  of  dip;  and  the  revo- 
lution of  a  cmper  globe  acted  in  the  same  manner.  Faraday  concludes  that 
the  rotation  of  the  earth  on  its  axis  ought  similarly  to  influence  the  conduct- 
ing  matters  of  its  surface ;  and  that  electric  currents  should  be  thereby  in- 
dnoed  {torn  the  equatorial  regions  to  either  pole.  He  throws  out  the  sugges- 
tkm  whether  the  aurora  borealu  and  australu  may  not  be  produced  by  the 
returning  cnrrento  passing  from  the  poles  of  the  earth  into  the  atmosphere. 


PART  11. 

INORGANIC  CHEMISTRY. 


PRELIMINARY  REMARKS 

In  teaching  a'  acienoe  lach  as  chemistry,  the  details  of  which  are  nume* 
roQs  and  complicated,  it  woald  be  injudicious  to  follow  the  order  of  disco- 
very, and  proceed  from  individual  facts  to  the  conclusions  which  have  been 
dednoed  from  them.  An  opposite  course  is  indispensable.  It  is  necessary 
to  diacoss  general  principles  in  the  first  instance,  in  order  to  aid  the  begin* 
ner  in  remembering  insulated  facts,  and  in  comprehending  the  explanations 
connected  with  them.  I  shall,  accordingly,  commence  the  second  part  of  the 
work  by  explaining  the  leading  doctrines  of  the  science.  One  inconvenience. 
Indeed,  arises  from  this  meth^.  It  is  oflen  necessary,  by  way  of  illustnu 
tion,  to  refer  to  fiicts  of  which  the  beginner  is  ignorant ;  and,  therefore,  on 
some  occasicHis  more  knowledge  will  be  required  for  understanding  a  sulv 
ject  fnllj,  than  the  reader  may  have  at  his  command.  But  these  instances 
will,  it  IS  hoped,  be  rarely  met  with ;  and  when  they  do  occur,  the  reader  is 
ad-vised  to  quit  the  point  of  difficulty,  and  return  to  the  study  of  it  when  he 
shall  have  acquired  more  extensive  knowledge  of  the  details. 

To  the  chemical  history  of  each  substance,  its  chief  physical  characters 
win  be  added.  A  knowledge  of  these  properties  b  ciot  only  advantageous  in 
assisting  the  chemist  to  distinguish  one  body  from  another,  but  in  many 
instances  it  is  applied  to  uses  still  more  important  The  character  called 
specific  graviiy^  the  meaning  of  which  was  explained  at  page  48,  ii  of  so 
nrach  importance  that  the  mode  of  determining  it  will  be  mentioned  in  this 
place.  The  process  consists  in  weighing  a  body  carefully,  and  then  deter- 
mining the  weight  of  an  equal  bulk  of  water,  the  latter  bieing  regarded  as 
nnitj.  If^  for  example,  a  portion  of  water  weigh  9  grains,  and  the  same 
balk  of  another  body  20  grains,  its  specific  gravity  is  determined  by  this 
fimnula : — as  9  :  20  : :  1  (assumed  as  the  specific  gravity  of  water)  to  the 
fbnrth  pro|>ortional  2iK222 ;  so  that  the  specific  gravity  of  any  substance  is 
foond  by  dividing  its  weight  by  the  weight  of  an  equal  Tolume  of  water.  It 
is  easy  to  discoyer  the  weight  of  equal  bulks  of  water  and  any  other  li<juid 
by  filling  a  small  bottle  of  known  weight  with  each  successively,  and  weigh- 
ing them.*  The  method  of  obtaining  the  necessary  data  in  case  of  a  sdid 
is  somewhat  different  The  body  is  first  weighed  in  air,  is  next  suspended 
in  water  by  means  of  a  hair  attached  to  the  scale  of  the  balance,  and  is  then 
weighed  again.  The  difference  between  the  two  weights  gives  the  weiffht  c^ 
a  quantity  of  water  equal  to  the  bulk  of  the  solid.  This  rule  is  foun<^  on 
the  hydrostatic  law,  that  a  solid  body,  immersed  in  any  liquid,  not  only 
weighs  less  than  it  does  in  air,  but  the  difference  corresponds  exactly  to  the 

•  Bottles  are  prepared  fi>r  this  purpose  by  the  philosophical  instrument 
BMkers. 
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weight  of  liquid  which  it  displaces ;  and  it  is  ob^ioas  that  the  Uqaid  so  dis- 
placed  is  exactly  of  the  same  dimensions  as  the  solid.  Another  method  is 
by  the  use  of  the  bottle  recommended  for  takings  the  specific  gnYiij  of 
liquids.  After  weighings  the  bottle  filled  with  water,  a  known  weight  of  the 
solid  is  put  into  it,  which  of  course  displaces  a  quantity  of  water  precisely 
equal  to  its  own  volume.  The  exact  weight  of  the  duplaced  water  is  found 
by  weighing  the  bottle  again,  ader  its  outer  surface  is  made  perfectly  dry. 

The  determination  of  the  specific  gravity  of  gaseous  substances  is  an  ope- 
ration of  much  greater  delicacy,  ^om  the  extreme  lightness  of  gases,  it 
would  be  inconvenient  to  compare  them  with  an  equal  bulk  of  water,  and, 
therefore,  atmospheric  air  is  taken  as  the  standard  of  comparison.  The  first 
step  of  the  process  is  to  asoertain  the  weight  of  a  given  volume  of  air.  This 
is  done  by  weighing  a  very  light  glass  flask,  furnished  with  a  good  stopcock, 
while  full  of  air;  and  then  weighing  it  a  second  time,  afler  the  air  has  been 
withdrawn  by  means  of  the  air-pump.  The  difference  between  the  two 
weights  given  the  information  required.  According  to  the  observation  oCDr, 
Prout,  100  cubic  inches  of  pure  and  dry  atmospheric  air,  at  the  temperature 
of  60°  F.  and  when  the  barometer  stands  at  30  inches,  weigh  31.0117  grains. 
By  a  similar  method  the  weight  of  any  other  gas  may  be  determined,  and 
its  specific  gravity  be  inferred  accordingly.  For  instance,  suppose  100  cubic 
inches  of  oxygen  gas  are  found  to  weigh  34.1 09  grains,  its  specific  gravity 
will  be  thus  deduced;  as  31.0117  :  34.109  ::  1  (the  sp.  gr.  of  air)  :  1.1035, 
the  specific  gravity  of  oxygen. 

There  are  four  circumstnnces  to  which  particular  attention  must  be  paid 
in  taking  the  specific  gravity  of  gases  : — 

1.  The  gas  should  be  perfectly  pure,  otherwise  the  result  cannot  be  ac- 
curate. 

2.  Due  regard  must  be  had  to  its  hygrometric  condition.  If  it  is  saturated 
with  moisture,  the  necessary  correction  may  be  made  by  the  formula  of 
page  50 ;  or  it  may  be  dried  by  tlie  use  of  substances  which  have  a  power- 
ittl  attraction  for  moisture,  such  as  chloride  of  calcium,  quicklime,  or  fused 
potassa. 

3.  As  the  bulk  of  gaseous  substances,  owin?  to  their  elasticity  and  com- 
pressibility, is  dependent  on  the  pressure  to  which  they  are  exposed,  no  two 
observations  admit  of  comparison,  unless  made  under  the  same  elevation  of 
the  barometer.  It  is  always  untjcrstood,  in  taking  the  specific  gravity  of  a 
gas,  that  the  barometer  must  stand  at  thirty  inches,  by  which  means  the 
operator  is  certain  that  each  gas  is  subject  to  equal  degrees  of  compression. 
An  elevation  of  thirty  inches  is,  therefore,  called  the  standard  height;  and 
if  the  mercurial  column  be  not  of  that  length  at  the  time  of  performing  the 
inperiment,  the  error  arising  from  this  cause  must  be  corrected  by  calcula- 
tion. It  has  been  established  by  careful  experiment,  that  the  bulk  of  gases 
is  inversely  as  the  pressure  to  which  they  are  subject  Thus,  100  measures 
of  air,  under  the  pressure  of  a  thirty.inch  column  of  mercury,  will  dilate  to 
960  measures,  if  the  pressure  be  diminished  by  one-half ;  and  will  be  com- 
pressed to  fifly  measures,  when  the  pressure  is  double,  or  equal  to  a  mercQp 
rial  column  of  sixty  inches.  The  correction  for  the  effect  of  pressure  may, 
therefore,  be  made  by  the  rule  of  three,  as  will  appear  by  an  example.  If 
a^  certain  portion  of  gus  occupy  the  space  of  100  measures  at  twenty- 
nine  inches  of  the  barometer,  its  bulk  at  thirty  inches  may  be  obtained  by 
the  following  proportion ;  as  30  :  29  :  :  100  :  96.66.  It  is  understood  that 
the  temperature  of  the  mercurial  column  is  constant ;  if  not  so,  correction 
must  be  made  agreeably  to  the  note  at  page  18. 

For  a  similar  reason  the  temperature  should  always  be  the  same.  The 
BtUMlard  or  mean  temperature  is  60°;  and  if  the  gas  be  admitted  into  the 
weighing-flask  when  the  thermometer  is  above  or  below  that  point,  the  for- 
mula of  page  21  should  be  employed  for  making  the  necessary  correction. 

Chemistry  is  indebted  for  its  nomenclature  to  the  labours  of  four  celebrated 
oiemists,  Lavoisier,  Bertholiet,  Guyton-Morveau,  and  Fourcroy.    The  pria- 
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cipiBB  whiefa  gvddoi  them  in  its  ooDfltmction  are  exceedingly  rimple  and  in- 
geaiouB»  The  known  elementary  enbatances,  and  the  more  familiar  oom- 
poond  ones,  were  allowed  to  retain  the  appellation  which  g;eneral  usage  had 
aerigned  to  tfaem.  The  newly-diseoTeredcIemente  were  named  from  eome 
striking  property.  Thae,  as  it  was  supposed  that  acidity  was  always  owing 
to  the  presence  of  the  yital  air  discovered  by  Priestley  and  Scheele,  they  gave 
it  the  name  of  ooE^grn,  from  c^ue  acid,  and  ysyfur  to  generate;  and  they 
called  inflammable  air  hydrogen^  from  vim^  water,  and  ynrw,  because  it  en- 
ters into  the  composition  of  water. 

Compcunds,  of  which  oxygen  forms  a  part,  were  called  acids  or  oxides, 
aeoording  as  tiiey  do  or  do  not  possess  acidity.    An  oxide  of  iron  or  copper 
aignifies  a  combination  of  those  metals  with  oxygen,  which  has  no  acid  pro- 
perties.   The  name  of  an  acid  was  deriyed  from  the  substance  acidified  fay 
Ike  oxygen,  to   which  was  added  the  termination  in  ic.    Thus,  snlphnrtf 
■nd  eartonu;  acids  signify  acid  compounds  of  sulphur  and  carbon  with  oxygen^ 
If  sulphur  or  any  other  body  should  form  two  acids,  that  which  contains  the 
least  quantity  of  oxygen  is  made  to  terminate  in  ou$y  as  sulphurous  acid» 
Tlie  termination  in  uret  was  intended  to  denote  combinations  of  the  simple 
non-metallic  substances  either  with  one  another,  with  a  metal,  or  with  a  mo* 
taUic  oxide.    Sulphuretand  carburel  of  iron,  for  example,  signify  compounds 
of  sulphur  and  carbon  with  iron.    The  different  oxides  or  sulpaurets  of  the 
aame  substance  were  distinguished  from  one  another  by  some  epithet,  which 
was  commonly  derived  from  the  colour  of  the  compound,  such  as  the  black 
and  red  oxides  of  iron,  the  Uack  and  red  sulphurets  of  mercury.    Tbou|rh 
this  practice  is  still  continued  occasionally,  it  is  now  more  customary  to  du- 
tin|ruish  degrees  of  oxidation  by  the  use  of  derivatives  from  the  Greek  or 
Laun.    Protoxide  signifies  the  first  degree  of  oxidation,  6t»oxide  the  second, 
and  feroxide  the  thii^ ;  and  the  term  perozide  u  oflen  applied  to  the  highest 
denee  of  oxidation.    The  Latin  word  oes^i,  one  and  a  half,  is  used  as  an 
aflu  when  the  elements  of  an  oxide  are  as  I  to  1  J,  or  as  2  to  3.    The  sul* 
pbnretB,  carburets,  Sc&,  of  the  same  substance  are  designated  in  a  similar 
way.    Compounds  connsting  of  acids  in  combination  with  metaDic  oxideik 
or  an;^  alkaline  bases,  are  termed  mUs^  the  names  of  which  are  so  contrived 
as  to  indicate  the  substances  contained  in  them.    If  the  acidified  substanoe 
contalD  a  maximum  of  oxygon,  the  name  of  the  salt  terminates  in  ate;  if  a 
minimum,  the  termination  io  Ue  is  employed.    Thus,  the  sulphate,  phosphate, 
andarseniate  of  potassa,  arc  salts  of  sulphuric,  phospboru;,  and  arsenic  acids; 
while  the  terms  solpht/e,  phosphite,  and  arsenite  of  potassa,  denote  corobinar 
tions  of  that  alkali  with  the  solphuroua,  phosphorous,  and  arseniovs  acids. 

The  advantage  of  a  nomenclature  which  disposes  the  different  parts  of  a 
a<nenoe  in  so  systematic  an  order,  and  gives  such  powerful  assistance  to  the 
memory,  is  incalculable.  The  principle  has  been  acknowledged  in  aU  conn^ 
tries  where  chemical  science  is  cultivated,  and  its  minutest  details  have  been 
adopted  in  Britain.  It  must  be  admitted,  indeed,  that  in  some  respects  the 
nomenclature  is  defective.  The  erroneous  idea  of  oxygen  being  the  general 
acidifying  principle,  has  exercised  an  injurious  influence  over  the  whole 
structure.  It  would  have  been  convenient  also  to  have  had  a  different  nanie 
for  hydrogen.  But  it  is  now  loo  late  to  attempt  a  change ;  for  the  confusion 
attending  such  an  innovation  would  more  than  counterbalance  its^vanta^rea. 
The  original  nomendatare  has,  therefore,  been  preserved,  and  such  additions 
have  been  made  to  it  as  the  progress  of  the  science  rendered  necessary.  The 
most  essential  improvement  was  suggested  by  the  discovery  of  the  laws  of 
chemical  combination.  The  different  salts  formed  of  the  same  constituents 
were  formerly  divided  into  neutraU  super,  and  tufc-salts.  They  were  called 
neutral  if  the  acid  and  alkali  were  in  such  proportion  that  one  ncutrabzea 
the  other;  super-salts,  if  the  acid  prevailed;  and  sub-salts,  if  the  alkah  wa» 
in  excess.  The  name  is  now  regulated  by  the  atomic  constitution  ol  the 
sah.  If  it  is  a  compound  of  an  equivalent  of  Iho  acid  and  the  alkali,  the 
generic  name  of  the  salt  is  employed  without  any  other  addition ;  but  if  two 
or  more  equivalent^  of  the  acid  are  aiUched  to  one  of  the  base,  or  two  or 
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more  eqainJmito  of  the  bese  to  one  of  tlie  add,  a  namenl  ia  prefixed  eo  at 
to  indicate  ita  ooropoaitioD.  The  two  aalte  of  aulphuric  acid  and  potaaaa  aie 
eaUed  aolphato  and  6iaulphato ;  the  first  conUining  an  equivalent  of  tlie  add 
and  the  alkali,  and  the  aeoond  aalt,  two  of  the  former  to  one  of  the  latter. 
The  three  aalte  of  oxalic  acid  and  potaaaa  are  termed  the  oxalate,  itnoxalale, 
and  fttoJroxalato  of  potaaaa;  becaoae  one  equivalent  of  the  alkali  ia  united 
with  one  equivalent  ofacid  in  the  first,  with  two  in  the  second,  and  with  fbor 
in  the  third  salt.  As  the  numerals  which  denote  the  equivalente  of  the  acid 
in  a  saper-salt  are  derived  fi-om  the  Latin  lanjEruage,  I>r.  Thomson  propoaea  to 
employ  the  Greek  numerals,  dis,  Ins,  tctrdlrts,  to  signifjr  the  equivalente  ot 
alkali  m  a  sub-salt;  and  I  shall  not  only  adopt  his  proposition,  but  give  it  the 
following  extension.  Since,  agreeably  to  the  electro-chemical  theory,  the 
demente  of  a  compound  may  in  relation  to  each  other  be  conaideied  oppo- 
sitely electric,  I  shall  distinguish  two  or  more  equivalente  of  the  negative 
element  by  Latin  numerals,  and  apply  Greek  numerals  to  that  element  which 
is  regarded  as  positive.  Thus  a  Chloride  denotea  a  compound  which  con- 
tains  two  equivalente  of  the  negative  element  chlorine ;  whereas  a  trichloride 
indicates  that  one  equivalent  of  chlorine  is  combined  with  two  of  r 
positive  body. 


SECTION  I. 


AFFINITY. 

All  chemical  phenomena  are  owing  to  Affinity  or  Chemical  Attraetioo* 
It  is  the  basis  on  which  the  science  m  chemutry  is  founded.  It  is,  aa  it 
were,  the  instrument  which  the  chemist  employs  in  all  his  operatiooa,  and 
hence  it  forms  the  first  and  leading  object  of  his  study. 

Affinity  is  exerted  between  the  minutest  particles  of  difierent  kinds  of 
matter,  causing  them  to  combine  so  as  to  form  new  bodies  endowed  with  new 
properties.  It  acte  only  at  insensible  distences ;  in  otlier  words,  apparent 
oontect,  or  the  closest  proximity,  is  necessary  to  ite  action.  E^ery  thing 
which  prevente  such  contiguity  is  an  obstecle  to  combination ;  and  any  fiiroe 
which  increases  the  distenoe  tietween  partides  already  combined,  tends  to 
separate  them  permanently  from  each  other.  In  the  former  case,  they  do 
not  come  within  the  sphere  of  their  mutual  attraction ;  in  the  latter,  they  are 
removed  out  of  it  It  fi>llows,  therefore,  that  though  affinity  is  regarded  aa  a 
•pedfic  power  distinct  fi-om  the  other  forces  which  act  on  matter,  ite  action 
may  be  promoted,  modified,  or  counteracted  by  them ;  and  consequently,  in 
studying  the  phenomena  produced  by  affinity,  it  is  necessary  to  inquire  into 
the  conditions  that  influence  ite  operation. 

The  most  simple  instance  of  the  exercise  of  chemical  attraction  is  afibrded 
by  the  admixture  of  two  substences.  Water  and  sulphuric  acid,  or  water 
and  alcohol,  combine  readily.  On  the  contrary,  water  shows  little  dispoeition 
to  unite  with  sulphuric  ether,  and  still  less  with  oil ;  for  however  intimatdy 
their  partides  may  be  mixed  together,  they  are  no  sooner  left  at  rest  than  the 
ether  separates  almost  entirely  from  the  water,  and  a  total  separation  takes 
place  between  that  fluid  and  the  oil.  Sugar  dissolves  very  sparingly  in  al- 
cohol, but  to  any  extent  in  water;  while  camphor  is  dissolved  in  a  very  small 
degree  by  water,  and  abundantly  by  alcolA)!.  It  appears,  from  these  examples, 
that  chemical  attraction  is  exerted  between  different  bodies  with  different  de- 
grees of  fi>rce.  Tliere  is  sometimes  no  proof  of  ite  existence  at  all;  between 
some  substences  it  acte  very  feebly,  and  between  uUierH  with  great  energy. 

Simple  combination  of  two  substences  is  a  common  occurrence ;  of  nMch 
the  solution  of  salte  in  water,  the  combustion  of  phosphorus  in  oxygen  gas, 
and  the^neutralixation  of  a  pure  alkali  by  an  add,  are  instances.    But  the 
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phenomeiM  are  often  more  complex.  The  formation  of  a  new  compound  ia 
often  attended  by  the  destruction  of  a  pre-existing  one ;  as  when  some  third 
body  acts  on  a  compound,  for  one  element  of  which  it  has  a  greater  affinity 
than  they  have  for  one  another.  Thus,  oil  has  an  affinity  for  the  TolatUe  al- 
kali, ammonia,  and  will  unite  with  it,  forming  a  soapy  substance  called  a  lin- 
iment But  the  ammonia  has  a  still  greater  attraction  for  sulphuric  acid ; 
and  hence  if  this  acid  be  added  to  the  liniment,  the  alkali  will  quit  the  oil, 
and  unite  by  preference  with  the  acid.  If  a  solution  of  camphor  in  alcohol 
be  poured  into  water,  the  camphor  will  be  set  free,  because  the  alcohol  com- 
bines with  the  water.  Sulphuric  acid,  in  like  manner,  separates  baryta  fVom 
nitric  acid.  Combination  and  decomposition  occur  in  each  of  these  cases; — 
combination  of  snlphnric  acid  with  ammonia,  of  water  with  alcohol,  and  of 
baiTta  with  sulphuric  acid ; — decomposition  of  the  compounds  formed  of  oil 
and  ammonia,  of  alcohol  and  camphor,  and  of  nitric  acid  and  baryta.  These 
are  examples  of  what  Bergmann  called  single  elective  affinity  ;— elective,  be- 
eanae  a  substance  manifests,  as  it  were,  a  choice  for  one  of  two  others,  unit- 
ing with  it  by  preference,  and  to  tlie  exclusion  of  the  other.  Many  of  the 
dMompositions  that  occur  in  chemistry  are  instances  of  single  elcctiye  af- 
finity. 

The  order  in  which  these  decompositions  take  place  has  been  expressed 
in  tables,  of  which  the  feUowing,  drawn  up  by  Geoffrey,  is  an  example : — 

SiUphurie  acid. 

Baryta. 

Strontia, 

Potaasa, 

Soda, 

Lime, 

Ammonia, 

Magnesia. 

This  table  signifies,  first,  that  sulphuric  acid  has  an  affinity  for  the  sub^ 
Canoes  placed  below  the  horizontal  line,  and  may  unite  separately  with 
each ;  and,  secondly,  tliat  the  base  of  the  salts  so  formed  will  be  separated 
ftom  the  acid  by  adding  any  of  the  alkalies  or  earths  which  stand  above  it 
in  the  column.  Thus  ammonia  will  separate  magnesia,  lime  ammonia,  and 
potaasa  lime ;  bnt  none  can  withdraw  baryta  fi'om  sulphuric  acid,  nor  can 
ammonia  or  magnesia  decompose  sulphate  of  lime,  though  strontia  or  baryta 
will  do  so.  Berfirmann  conceited  that  these  decompositions  are  solely  deter- 
mined by  chemical  attraction,  and  that  consequently  the  order  of  decompo- 
sition represents  the  comparative  forces  of  affinity;  and  this  view,  fVom  the 
simple  and  natural  explanation  it  affords  of  the  phenomenon,  was  for  a  time 
very  generally  adopted.  But  Bergmann  was  in  error.  It  does  not  necessa* 
rily  follow,  b^use  lime  separates  ammonia  from  sulphuric  acid,^  that  the 
lime  has  a  greater  attraction  for  the  acid  than  the  volatile  alkali.  Other 
causes  are  in  operation  which  modify  the  action  of  affinity  to  such  a  degree, 
that  it  is  impossible  to  discover  how  much  of  the  effect  is  owing  to  that 
power.  It  is  conceivable  that  ammonia  may  in  reality  have  a  stronger  at- 
traction for  sulphuric  acid  than  lime,  and  yet  that  the  latter,  from  the  great 
influence  of  disturbing  causes,  may  succeed  in  decomposing  sulphate  of 
ammonia. 

The  propriety  of  the  foregoing  remark  will  be  made  obvious  by  the  fol- 
bwing  example.  When  a  stream  of  hydrogen  gas  is  passed  over  oxide  of 
iron  heated  to  redness,  the  oxide  is  reduced  to  the  metallic  state,  and  water 
is  generated.  On  the  contrary,  when  watery  vapour  is  brought  into  contact 
with  red-hot  metallic  iron,  the  oxygen  of  the  water  quits  the  hydrogen  and 
combines  with  the  iron.  It  follows  from  the  result  of  the  first  experiment, 
according  to  Bergmann,  that  hydrogen  has  a  stronger  attraction  than  iron 
for  oxygen ;  and  from  that  of  the  second,  that  iron  has  a  greater  affinity  for 
oxygen  than  hydrogen.    But  these  inferences  are  incompaUble  with  each 
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other.  The  affinity  of  oxygen  for  the  two  elements,  hjdroffen  and  iron, 
must  either  be  equal  or  oneqaal.  If  equal,  the  result  of  both  experiments 
was  determined  by  modifying  circumstances ;  since  neither  of  these  sub- 
stances ought  on  this  supposition  to  take  oxygen  from  the  other.  Bat  if 
the  forces  are  unequal,  the  decomposition  in  one  of  the  experiments  most 
have  been  determined  by  extraneous  causes,  in  direct  opposition  to  the  ten. 
dency  of  affinity. 

To  Berthollet  is  due  tlie  honour  of  pointing  out  the  fallacy  of  Berginann's 
opinion.  He  was  the  first  to  show  that  the  relative  forces  of  chemical  at- 
traction cannot  always  be  determined  by  obeenring  the  order  in  which  sob- 
stances  separate  each  other  when  in  combination,  and  that  the  tables  of 
Geoffiroy  are  merely  tables  of  decomposition,  not  of  affinity.  He  likewise 
traced  all  the  various  circumstances  that  modify  the  action  of  affinity,  and 
gave  a  consistent  explanation  of  the  mode  in  which  they  operate.  Berthollet 
went  even  a  step  further.  He  denied  the  existence  of  elective  affinity  as  an 
invariable  force,  capable  of  effecting  the  perfect  separation  of  one  body  from 
another ;  he  maintained  that  all  the  instances  of  complete  decomposition  at- 
tributed to  elective  affinity  are  in  reality  determined  by  one  or  more  of  the 
collateral  circumstances  that  influence  its  operation.  But  here  this  acats 
philosopher  went  too  far.  Bergmann  erred  in  supposing  the  result  of  che- 
mical action  to  be  in  every  case  owing  to  elective  affinity;  but  Berthollet 
ran  into  the  opposite  extreme  in  dcclariugthat  the  effects  fbrmerljr  ascribed 
to  that  power  are  never  produced  by  it  That  chemical  attraction  is  exerted 
between  bodies  with  different  degrees  of  energy  is,  I  apprehend,  indispota- 
Ue.  Water  has  a  much  greater  affinity  for  hydrochloric  acid  and  ammo- 
niacal  gases  than  for  carlxmic  and  hydrosulphoric  acids,  and  for  these  than 
for  oxygen  and  hydrogen.  The  attraction  of  lead  for  oxygen  is  greater 
than  that  of  silver  for  the  same  substance.  The  disposition  of  gmd  and 
silver  to  combine  with  mercury  is  greater  than  the  attraction  of  platinum 
and  iron  for  that  fluid.  As  these  difierences  cannot  be  accounted  for  by  the 
operation  of  any  modifying  causes,  we  must  admit  a  difference  in  the  force 
of  affinity  in  producing  combination.  It  is  equally  dear  that  in  some  in- 
stances tne  separation  of  bodies  fron  one  another  can  only  be  explained  on 
the  same  principle.  No  one,  I  conceive,  will  contend  that  the  decomposition 
of  hydriodic  acid  by  chlorine,  or  of  hydrosulphoric  acid  by  iodine,  is  deter- 
mined by  the  concurrence  of  any  modifying  circumstances. 

Affinity  is  the  cause  of  still  more  complicated  changes  than  those  which 
have  been  just  considered.  In  a  case  of  single  elective  affinity,  three  sub- 
stances only  are  present,  and  two  affinities  are  in  play.  But  it  fivquently 
happens  that  two  compounds  are  mixed  together,  and  four  different  affinities 
brought  into  action.  The  chan^  that  may  or  do  occur  under  these  cir- 
cumstances  may  be  studied  by  aid  of  a  diagram,  a  method  which  was  first 
employed,  I  believe,  by  Dr.  Black,  and  has  since  been  generally  practised. 
Thus,  in  mixing  together  a  solution  of  carbonate  of  ammonia  and  hydro- 
chlorate  of  lime,  their  mutual  action  may  be  represented  in  the  following 


Carbonic  acid  Ammonia 


Hydrochloric  acid  Lime. 

Each  of  the  acids  has  an  attraction  for  both  bases,  and  hence  it  is  [ 
ble  either  that  the  two  salts  should  continue  as  they  were,  or  that  an  inter- 
change of  principles  should  ensue,  giving  rise  to  two  new  compound»^ 
carb«iate  of  lime  and  hydrochlorate  of  ammonia.  According  to  the  views 
of  Bergmann,  the  result  is  solely  dependent  on  the  comparative  strength  of 
affinities.  ^  If  the  affinity  of  carbonic  acid  for  ammonia,  and  of  hydrochloric 
acid  for  lime,  exceed  that  of  carbonic  acid  for  lime,  added  to  that  of  hydro- 
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cUorie  add  for  ammonia,  then  wUl  the  two  lalts  ezperienoe  no  chanm 
whaferer;  bat  if  the  latter  affinitiea  preponderate,  then,  aa  doea  aetuaflv 
happen  in  the  present  example,  both  the  original  salts  will  be  decomposed, 
and  two  new  ones  ^erated.  Two  deoom  positions  and  two  combinationa 
take  plaee,  being  an  instance  of  what  is  called  double  deeiive  afinUv.  Mr. 
Kirwan  applied  the  terms  quieteent  and  divdUtU  to  denote  the  tendency  of 
the  opposing  affinities,  the  action  of  the  former  being  to  prevent  a  change, 
the  latter  to  prodooe  it. 

The  doctrine  of  doable  elective  affinity  waa  assailed  Inr  BerthoUet  on  the 
same  ground  and  with  the  same  success  as  in  the  case  or  single  elective  at- 
traction. He  succeeded  in  proving  that  the  effect  cannot  always  be  ascribed 
to  the  sole  influence  of  affinity.  For,  to  take  the  example  already  adduced, 
if  carbonate  of  ammonia  decompose  hydrochlorate  of  lime  by  the  mere 
fiiroe  of  a  superior  attraction,  it  is  manifest  that  carbonate  of  lime  ought 
never  to  decompose  hydrochlorate  of  ammonia.  But  if  these  two  salts  are 
Buxed  in  a  dry  state  and  exposed  to  heat,  double  decomposition  does  take 
place,  carbonate  of  ammonia  and  hydrochlorate  of  lime  being  formed ;  and, 
therefore,  if  the  change  in  the  first  example  was  produced  by  chemical  at- 
traction al<me,  that  in  the  second  must  have  occurred  in  direct  opposition  to 
that  power.  It  does  not  follow,  however,  because  the  result  is  sometimes 
determined  by  modifying  conditions,  that  it  must  always  be  so.  I  appre- 
hoid  that  the  decomposition  of  the  solid  cyanuret  of  mercury  by  hydrosiid- 
pburic  acid  gas,  which  takes  place  even  at  a  low  temperature,  cannot  ha 

ascribed  to  any  other  cause  than  a  preponderance  of  the  diveUent  over  the 

quieaoent  affimties. 

CHANGES  THAT  AC5C0MPANY  CHEMICAL  ACTION. 

The  leading  circumstance  that  characterizes  chemical  action  is  the  loss  of 
properties  experienced  by  the  combining  substances,  and  the  acquisition  of 
new  ones  hv  the  product  of  their  combination.  The  change  of  property  is 
8opa,etime8  mconsiderable.  In  a  solution  of  sugar  or  salt  in  water,  and  in 
mixtures  of  water  with  alcohol  or  sulphuric  acid,  the  compound  retains  so 
much  of  the  character  of  ita  constituents,  that  there  is  no  difficulty  in  recog- 
nizing their  presence.  But  more  generally  the  properties  of  one  or  both  of 
tho  combining  bodies  disappear  entirely.  One  would  not  suppose  from  ita 
appearance  fbai  water  is  a  compound  body ;  much  less  that  it  is  composed 
of  two  gases,  oxygen  and  hydrogen,  neither  of  which,  when  uncombined, 
haa  ever  been  compressed  into  a  liquid.  Hydrogen  is  one  of  the  most  in- 
flammable substances  in  nature,  and  yet  water  cannot  be  set  on  fire;  oxygen, 
on  the  contrary,  enables  bodies  to  bum  with  great  brilliancy,  and  yet  water 
eztin^ahM  combustion.  The  alkalies  and  earths  were  regarded  as  simple 
till  Sir  H.  Davy  proved  them  to  be  compound,  and  certainly  they  evince  no 
ngn  whatever  of  containing  oxygen  and  a  metal.  Numerous  examples  of  a 
similar  kind  are  afforded  by  the  mutual  action  of  acids  and  alkalies.  Sol- 
phnric  acid  and  potassa,  for  example,  are  highly  caustic.  The  former  is  in- 
tensdv  sour,  reddens  the  blue  colour  of  vegetables,  and  has  a  strong  affinity 
fix  alkaline  substances;  the  latter  has  a  pungent  taste,  converts  the  Mae 
odour  of  vegetaUes  to  green,  and  combines  readily  with  acids.  On  adding 
these  principles  cautiooaly  to  each  other,  a  compound  results  called  a  neutnl 
9ttU,  which  does  not  in  any  way  affect  the  colouring  matter  of  plants,  and  in 
which  the  other  distinguishing  features  of  the  acid  and  alkali  can  no  longer 
be  perceived.  They  appear  to  have  destroyed  the  properties  of  each  other, 
and  are  hence  said  to  neutralize  one  another. 

The  other  phenomena  that  accompany  chemical  action  are  changes  of 
density,  temperature,  farm,  and  colour. 

1.  It  is  observed  that  two  bodiea  rarely  occupv,  after  combination,  the 
same  space  which  they  possessed  separately.  In  general  their  bulk  is 
diminished,  so  that  the  specific  gravity  of  the  new  body  is  greater  than  the 
mean  of  its  components.    Thus  a  mixture  of  100  measurea  of  water  and  an 
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eqml  quantity  of  talphurie  acid  does  not  occapj  the  space  of  300  roeasarei, 
but  considerably  less.  A  similar  contraction  frequently  attends  the  combi- 
nation  of  solids.  Gases  often  experience  a  remarkable  condensation  when 
they  unite.  The  elements  of  defiant  gas,  for  instance,  would  expand  to 
four  tiroes  the  bulk  of  that  compound,  if  they  were  suddenly  to  become  free, 
and  assume  the  gaseous  form,  fiut  the  rule  is  not  without  exception.  The 
rererse  happens  m  some  metalic  compounds;  and  there  are  examples  of  com- 
bination between  gases  without  any  chan/^e  of  bulk. 

2.  A  change  of  temperature  generaUy  accompanies  chemical  acti<Mi. 
Heat  is  evolved  either  when  there  is  a  diminution  in  the  bulk  o€  the  com- 
Inning  substances  jivithout  change  of  form,  or  when  a  gas  is  condensed  into 
a  liquid,  or  a  liquid  becomes  solid.  The  heat  caused  by  mixing  sulphuric 
acid  with  water  is  an  instance  of  the  former;  and  the  common  process  of 
slicing  lime,  during  which  water  loses  its  liquid  form  in  combining  with 
that  earth,  is  an  exam^e  of  the  latter.  The  rise  of  temperature  in  these 
cases  is  obviously  referable  to  diminution  in  the  capacity  of  the  new  com- 
ponnd  for  heat;  but  intense  he<tt  sometimes  accompanies  chemical  action 
under  circumstances  in  which  an  explanation  founded  on  a  change  of 
specific  heat  is  quite  inadmissible.  At  present  it  is  enough  to  have  stated 
the  fiict;  its  theory  wiU  be  discussed  under  the  subject  of  combustion.  The 
production  of  cold  seldom  or  never  takes  place  during  combination,  except 
when  heat  is  rendered  insensible  by  the  conversion  of  a  solid  into  a  liquid, 
or  a  liquid  into  a  gas.     All  the  frigorific  mixtures  act  in  this  way. 

3.  The  changes  of  form  that  attend  chemical  action  are  exceedin|rly 
various.  The  combination  of  gases  may  give  rise  to  a  liquid  or  a  solid; 
solids  sometimes  become  liquid,  and  liquids  solid.  Several  familiar  chemical 
phenomena,  such  as  detonation,  effervescence,  and  precipitation,  are  owing 
to  these  changes.  The  sudden  evolution  of  a  large  quantity  of  gaseous 
matter  causes  an  explosion,  as  when  gunpowder  detonates.  The  slower 
disengagement  of  gas  produces  effervescence,  as  when  marble  is  put  into 
hydrocmoric  acid.  A  precipitate  is  owing  to  the  formation  of  a  new  body 
which  happens  to  be  insoluble  in  the  liquid  in  which  its  elements  were 
dissolved. 

4.  Chemical  action  is  frequently  attended  by  change  of  colour.  No 
oni^rm  relation  has  been  traced  between  the  colour  of  a  compound  and 
that  of  its  elements.  Iodine,  whose  vapour  is  of  a  violet  hue,  forms  a  beau- 
tifiil  red  compound  with  mercury,  and  a  yellow  one  with  lead.  The  brown 
oxide  of  copper  generally  gives  rise  to  green  and  blue  coloured  salts;  while 
the  salts  of  the  oxide  of  lead,  which  is  itself  yellow,  are  for  the  roost  part 
colourless.  The  colour  of  precipitates  is  a  very  important  study,  as  it 
supplies  a  character  by  which  most  substances  may  be  distinguished. 

CIRCUMSTANCES    THAT    MODIFY    AND    INFLUENCE    THE 
OPERATION   OF   AFFINITY. 

Of  the  conditions  which  are  capable  of  promoting  or  counteracting  the 
tendency  of  chemical  attraction,  the  following  are  uie  most  important; — 
cohesion,  elasticity,  quantity  of  matter,  and  gravity.  To  these  may  be  added 
the  agency  of  the  imponderables. 

CoMsion. — ^The  first  obvious  effect  of  cohesion  is  to  oppose  affinity,  by 
impeding  or  preventing  that  mutual  penetration  and  close  proximity  of  the 
particles  of  different  bodies,  which  is  essential  to  the  successful  exercise  of 
their  attraction.  For  this  reason,  bodies  seldom  act  chemically  in  their 
solid  state;  their  molecules  do  not  come  within  the  sphere  of  attraction,  and, 
therefore,  combination  cannot  take  place,  aJthou?h  their  affinity  may  in  fiict 
be  considerable.  Liquidity,  on  the  contrary,  nivours  chemical  action;  it 
permits  the  closest  possible  approximation,  while  the  cohesive  power  is 
comparatively  so  trifling  as  to  oppose  no  appreciable  barrier  to  affinity. 

CohsMon  may  be  diminished  in  two  ways,  by  mechanical  division,  or  by 
the  application  of  heat.    The  former  is  usefiil  by  increasing  the  extent  of 
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■nrftoe;  bat  it  is  no£  of  itadf  in  goiera]  tiifficieiit,  because  the  pwrtielesi 
howerer  minule,  still  retein  that  degree  of  cohesion  which  constitutes 
soh'dity.  Heat  acts  with  greater  effect,  and  never  fiiils  in  promo^ng  combi* 
natioD,  whenever  the  cohesive  power  is  a  barrier  to  it  Its  intensity  should 
always  be  so  regulated  as  to  produce  lique&ction.  The  fluidity  of  one  of 
the  substances  frequently  suffices  for  effecting  cheoiical  union,  as  is  proved 
by  the  lacility  with  which  water  dissolves  many  salts  and  other  solid  bodies. 
But  the  cohesive  force  is  still  in  operation ;  for  a  solid  is  commonly  dissolved 
in  greater  quantity  when  its  cohesion  is  diminished  by  beat.  The  reduction 
of  both  substances  to  the  liquid  state  is  the  best  method  for  ensuring  chemi- 
od  action.  The  8]i|rht  degree  of  cohesion  possessed  by  liquids  does  not 
^>pear  to  cause  any  impediment  to  combination;  for  they  commonly  act  as 
energetically  on  each  otber  at  low  temperatures,  or  at  a  temperature  just 
sufficient  to  cause  perfect  lique&ction,  as  when  their  cohesive  power  is  still 
further  diminished.  It  seems  foir  to  infor,  therefore,  that  very  little,  if  any* 
affinity  exists  between  two  bodies  which  do  not  combine  when  they  aio 
intimately  mixed  in  a  liquid  state. 

The  phenomena  of  crystallization  are  owing  to  the  ascendancy  of  cohesioD 
over  affinity.  When  a  large  quantity  of  salt  has  been  dissolved  in  water  by 
the  aid  of  heat,  part  of  the  saline  matter  generally  separates  as  the  solution 
oooLs,  because  the  cohesive  power  of  the  salt  tben  becomes  comparatively  too 
powerful  for  chemical  attraction.  Its  particles  be^in  to  cohere  together  and^ 
tie  deposited  in  crystals,  the  process  of  crystaUization  continuing  till  it  is' 
arrested  by  the  affinity  of  the  liquid.  A  similar  change  happens  when  • 
solution  made  in  the  cold  is  gradually  evaporated.  The  cohesion  of  the 
saline  particles  is  no  longer  counteracted  by  the  affinity  of  the  liquid,  and 
the  salt,  therefore,  assumes  the  solid  form. 

Cohesion  pJa^s  a  still  more  important  part  It  sometimes  determines  the 
result  of  chemical  action,  probably  even  in  opposition  to  affinity.  Thui,  on 
mixing  togetber  a  solotion  of  two  acids  and  one  alkali,  o£  whidi  two  salts 
mar  bs  formed,  one  soluble,  and  the  other  insoluble,  the  alkali  wUl  units 
with  that  acid  with  which  it  forms  the  insoluble  compound,  to  the  total 
exclusion  of  the  other.  This  b  one  of  the  modifying  circumstances  em- 
ployed by  BerthoUet  to  account  for  the  phenomena  of  single  elective 
attraction,  and  is  certainly  applicable  to  many  of  the  instances  to  be  found 
in  the  tables  of  affinity.  When,  for  example,  hydrochloric  acid,  sulphurio 
acid,  and  baryta,  are  mixed  U^ether,  sulphate  of  baryta  is  formed  in  conss. 
qnence  o£  its  insolubility.  Lime,  which  yields  an  insoluble  salt  with 
carbonic  acid,  separates  that  acid  from  ammonia,  potassa,  and  soda,  with  all 
of  which  it  makes  soluble  compounds. 

A  similar  explanation  may  be  given  of  many  cases  of  double  elective 
attraction.  On  mixing  together  in  solution  four  substances,  a,  s,  o,  n,  of 
which  it  is  possible  to  form  four  compounds,  as  and  en,  or  ac  and  sn,  that 
compound  will  certainly  be  produced,  which  happens  to  be  insoluble.  Thus 
sulphuric  add,  soda,  nitric  acid,  and  baryta,  may  give  rise  either  to  sulphate 
of  soda  and  nitrate  of  baryta,  or  to  sulphate  of  baryta  and  nitrate  of  soda ; 
but  the  first  two  salts  cannot  exist  together  in  the  same  liquid,  because  the 
insoluble  sulphate  of  baryta  is  instantly  generated,  and  its  formation  neoes- 
sarilj^  causes  die  nitric  acid  to  combine  with  the  soda.  In  like  manner,  a 
sdution  of  nitrate  of  lime  is  decomposed  by  carbonate  of  ammonia,  in 
consequence  of  the  insolubility  of  carbonate  of  lime. 

To  comprehend  the  manner  in  which  cohesion  acts  in  these  instances,  it 
is  necessary  to  consider  what  takes  place  when  in  the  same  liquid  two  or 
more  compounds  are  brougbt  together,  which  do  not  give  rise  to  an  insolu- 
ble substance.  Thus  on  mixing  solutions  of  sulphate  of  potassa  and  nitrate 
of  soda,  no  precipitate  ensues;  because  the  salts  capable  of  being  formed  by 
double  decomposition,  sulphate  of  soda  and  nitrate  of  potassa,  are  likewise 
soluble.  In  this  case  it  is  possible  either  that  each  acid  may  be  confined  to 
one  base,  so  as  to  constitute  two  neutral  salts;  or  that  each  acid  may  be  di- 
vided between  both  bases,  yielding  four  neutral  salts.  It  is  difficult  to  decide 
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thnr  point  in  an  uneqnrrocal  manner:  bat  judging  from  many  chemical 
phenomena,  there  can,  I  apprehend,  be  no  doubt  that  the  arrangement  last 
mentioned  is  the  most  frequent,  and  is  probably  universal  whenever  the 
relatiTe  forces  of  affinity  are  not  very  unequal.  When  two  acids  and  two 
bases  meet  tc^ether  in  neutralizing  proportion,  it  may,  therefore,  be  inferred, 
that  each  acid  unites  with  both  the  bases  in  a  manner  rejrulated  by  their 
respective  forces  of  affinity,  and  that  four  salts  are  contained  in  sotution.  la 
like  manner  the  presence  of  three  acids  and  three  bases  will  ^ive  rise  to  nine 
•alts?  and  when  four  of  each  are  present,  sixteen  salts  will  be  produced. 
This  view  affords  the  most  plausible  theory  of  the  constitution  of  mineral 
waters,  and  of  the  products  which  they  yield  by  evaporation. 

The  influence  of  insolubility  in  determining  the  result  of  chemical  action 
may  be  readily  explained  on  this  principle.  If  nitric  acid,  sulphuric  acid, 
and  baiyta,  are  mixed  together  in  solution,  the  base  may  be  conceived  to  be 
at  first  divided  between  the  two  acids,  and  nitrate  and  sulphate  of  baryta  to 
be  generated.  The  latter  bein?  insoluble  is  instantly  repoved  beyond  the 
influence  of  the  nitric  acid,  so  Uiat  for  an  instant  nitrate  of  baryta  and  free 
•niphnric  acid  remain  in  the  liquid;  but  as  the  base  left  in  solution  is  again 
divided  between  the  two  acids,  a  fi^h  quantity  of  the  insoluble  sulphate  Ib 
generated;  and  this  process  of  partition  continues,  until  either  the  baryta  or 
Um  sulphuric  acid  is  withdrawn  from  the  solution.  Similar  changes  ensoe 
when  nitrate  of  batyta  and  sulphate  of  soda  are  mixed. 

The  separation  of  salts  by  crystallization  from  mineral  waters  or  other  sa^ 
Hn«  mixtures  is  explicable  by  a  similar  mode  of  reasoning.  Thus  on  mixing 
nitraCe  of  potassa  and  sulpliate  of  soda,  four  salts,  according  to  this  view, 
nre  generated,  namely,  the  sulphates  of  soda  and  potassa,  and  the  nitrates  of 
those  bases;  and  if  the  solution  be  allowed  to  evaporate  gradually,  a  point  at 
lensth  arrives  when  the  least  soluble  of  these  salts,  the  sulphate  of  potassa, 
wm  be  disposed  to  cirstalhze.  As  soon  as  some  of  its  crystals  are  deposited, 
and  thns  withdrawn  from  the  influence  of  the  other  salts,  the  constituents  of 
these  undergo  a  new  arrangement,  whereby  an  additional  quantity  of  snl- 
phate  of  potassa  is  venerated;  and  this  process  continues  until  the  greater 
part  of  the  sulphuric  acid  and  potassa  has  combined,  and  the  compound  is 
removed  by  crystallization.  If  the  difGBrence  in  solubility  is  consideraUe, 
the  separation  of  salts  may  be  often  rendered  very  complete  by  this  method. 

The  efflorescence  of  a  salt  is  sometimes  attended  with  a  similar  resolt 
If  carbonate  of  soda  and  chloride  of  calcium  are  mingled  together  in  solu- 
tion, the  insoluble  carbonate  of  lime  subsides.  But  if  carbonate  of  lime  and 
sea-salt  are  mixed  in  the  solid  state,  and  a  certain  degree  of  moisture  is 
present,  carbonate  of  soda  and  chloride  of  calcium  are  slowly  generated  ; 
and  since  the  former,  as  soon  as  it  is  formed,  separates  itself  from  the 
mixture  by  efflorescence,  its  production  continues  progressively.  The 
efflorescence  of  carbonate  of  soda,  which  is  sometimes  seen  on  old  walls,  or 
which  in  some  countries  is  found  on  the  soil,  appears  to  have  originated  in 
this  manner. 

EUistieiiy. — From  the  obstacle  which  cohesion  puts  in  the  way  of  affinity, 
the  gaseous  state,  in  which  the  cohesive  power  is  wholly  wanting,  might  be 
expected  to  be  peculiarly  favourable  to  chemical  action.  The  reverse,  how- 
ever, is  the  fact.  Bodies  evince  little  disposition  to  unite  when  presented  to 
each  other  in  the  elastic  form.  ODmbination  does  indeed  sometimes  take 
place,  in  consequence  of  a  very  energetic  attraction ;  but  examples  of  an 
opposite  kind  are  much  more  common.  Oxygen  and  hydrogen  gases,  and 
chlorine  and  hydrogen,  tliough  their  mutual  affinity  is  very  powerful,  may 
be  preserved  together  for  any  length  of  time  without  combining.  Tliis  want 
of  action  seems  to  arise  from  the  distance  between  the  particles  preventing 
that  close  approximation  which  is  so  necessary  to  the  successful  exercise  cu 
affinity.  Hence  many  gases  cannot  be  made  to  unite  directly,  which  never- 
theless combine  readily  while  in  their  tuuceiU  state;  that  is,  while  in  the  act 
of  assuming  the  gaseous  form  by  the  decomposition  of  some  of  their  solid  or 
flnid  combmations. 
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Ebstifcitx  operates  likewue  u  a  decompoong  agent  K'tvo  gmmt,  the 
recrproGal  aUractioa  of  which  is  feeble,  8u£fer  considerable  oondensalieo 
wboi  they  unite,  the  compound  will  be  decomposed  by  very  slight  oauies* 
CUdonde  of  nitrogen,  which  is  an  oil-like  liquid,  composed  of  the  two  giees 
chlorine  and  nitrogen,  affords  an  apt  illustration  of  this  principle,  being 
distinguished  for  its  remarkable  fiicility  of  decomposition.  Slight  elevation 
of  iemperatare.  by  increa^sinff  the  natural  elasticity  of  the  two  gases,  sr 
eontact  of  substances  which  have  an  affinity  for  either  of  them,  produces 
immediate  explosion. 

Blany  familiar  phenomena  of  decomposition  are  owing  to  elasticity.  All 
oompoonds  that  contain  a  volatile  and  a  fixed  princifSe,  are  liable  to  be 
decomposed  by  a  high  temperature.  The  expansion  uocasioned  by  beat 
removes  the  elements  of  the  compound  to  a  greater  distance  from  each 
olher,  and  thus,  by  dimioisbiog  the  foree  of  chemical  attraction,  favours  the 
tendency  of  the  volatile  principle  to  assume  tbe  form  which  is  natural  to  it. 
The  evaporation  of  water  from  a  solution  of  salt  is  an  instance  of  this  kind« 
Slany  solid  substances,  which  contain  water  in  a  state  of  intimate  com- 
bination, part  with  it  in  a  strong  heat,  in  consequence  of  the  volatile  rature 
of  that  liquid.  The  separation  of  oxygen  from  some  metals,  by  beat  alone, 
is  explicable  on  the  same  principle. 

From  these  and  some  preceding  remarks,  it  appears  that  the  influenoe  of 
heat  over  affinity  is  variable ;  for  at  one  time  it  promotes  chemical  union, 
and  opposes  it  at  another.    Its  action,  however,  is  always  consistenL    When- 
ever the  cohesive  power  is  an  obstacle  to  combination,  beat  favours  affinity 
^ther  by  diminishing  the  cohesion  of  a  solid,  or  by  converting  it  into  a 
Uqnid.    As  the  cause  of  the  gaseous  state,  on  the  contrary,  it  keeps  at  a 
distance  particles  which  would  otherwise  unite;  or,  bv  producing  expansion, 
it  tends  to  separate  from  one  another  substances  wnich  are  already  com* 
hined.     There  is  one  efiect  of  heat  which  seems  somewhat  anomalous} 
namely,  the  combination  which  ensues  In  gaseous  explosive  mixtures  on  the 
approach  of  flame.     The  explanation  given  by  BerthoUet  is  probably  eorrect, 
— that  the  sodden  dilatation  of  the  gases  in  the  imn^ediate  vicinity  of  tbe 
flame,  acts  as  a  violent  compressing  power  to  the  contiguous  portions,  and 
thus  brings  them  witliin  the  sphere  of  their  attraction. 

Some  of  the  decompositions,  which  were  attributed  by  Bergmann  to  the 
sole  influence  of  elective  affinity,  may  be  ascribed  to  elasticity.  If  three 
substances  are  mixed  together,  two  of  which  can  form  a  compound  which  is 
less  volatile  than  the  third  body,  tbe  last  will,  in  general,  be  completely 
driven  off  by  the  application  of  heat  The  decomposition  of  the  salts  of 
ammonia  by  the  pore  alkalies  or  alkaline  earths,  may  be  adduced  as  an 
example;  and  for  the  same  reason,  all  the  carbonates  are  decomposed  bj 
liydrochloric  acid,  and  all  the  hydrochlorates  by  sulphuric  acid-  This 
explanation  applies  equally  well  to  some  cases  of  double  decomposition.  It 
explains,  for  instance,  why  the  dry  carbonate  of  lime  will  decompose  hydro- 
chlorate  of  ammonia  by  the  aid  of  heat ;  for  carbonate  of  ammonia  is  move 
volatile  than  the  hydrochlorate  either  of  ammonia  or  lime. 

The  influence  of  elasticity  in  determining  the  result  of  chemical  action  in 
these  instances,  seems  owing  to  the  same  cause  which  enables  insolubility  to 
be  productive  of  similar  effects.  Thus,  on  mixing  hydrochlorate  of  ammonia 
vriih  lime,  the  acid  is  divided  between  the  two  bases;  some  ammonia 
becomes  free,  which,  in  consequence  of  its  elaoticily,  is  entirely  expelled  b^ 
a  gentle  heat.  The  acid  of  the  remaining  hydrochlorate  of  ammonia  is 
again  divided  between  the  two  bases ;  and  if  a  sufficient  quantity  of  lime  is 
present,  the  ammouiacal  salt  will  be  completely  decomposed.  In  like  man- 
ner the  decomposition  of  potassa  may  be  effected  by  iron,  though  the 
affinity  of  this  metal  for  oxygen  seems  much  inferior  to  that  of  potassium 
for  oxygen.  If  potassa  in  the  fused  state  be  brought  in  contact  with 
metallic  iron  at  a  white  heat,  the  oxygen  is  divided  between  the  two  metals, 
and  a  portion  of  potassium  set  at  liberty.  But  as  potassium  is  volatile  at  a 
white  heat,  it  is  expelled  at  the  insUnt  of  redaotion;  and  thus,  by  its 
infloenoe  being  withdrawn,  an  opportunity  is  given  for  tbe  decomposition  of 
an  additional  quantity  of  potassa. 
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tUty  of  lH&Uet.  The  inflaenoe  of  qaantity  of  matter  over  affinity  is 
aUy  admitf  ed.  If  one  body  a  anitea  with  another  body  b  in  several 
ions,  that  compound  will  be  moat  difficult  of  decomposition  which 
a  the  amalleat  quantity  of  b.  Of  the  three  oxides  of  lead,  for  instance, 
roxide  parts  most  easily  with  iti  oxygen  by  the  action  of  heat ;  a 

temperature  is  required  to  decompose  the  red  oxide;  and  the 
de  will  bear  the  strongest  heat  of  our  furnaces  without  losing  a 
!  of  its  oxygen. 

influence  of  quantity  over  chemical  attraction  may  be  further  illus- 
>y  the  phenomena  of  solution.  When  equal  weights  of  a  soluble  salt 
led  in  succession  to  a  eiven  quantity  of  water,  which  is  capable  of 
ng  almost  the  whole  of  the  salt  employed,  the  first  portion  of  the  salt 
lappear  more  readily  than  the  second,  the  second  than  the  third,  the 
lan  the  fourth,  and  so  on.  The  affinity  of  the  water  for  the  saline 
ice  diminishes  with  each  addition,  till  at  last  it  is  weakened  to  such  a 
as  to  be  unaUe  to  overcome  the  cohesion  of  the  salt  The  process 
ases,  and  a  saturated  solution  is  obtained. 

itity  of  matter  is  employed  advantagcoufdy  in  many  chemical  opera- 
If^  for  instance,  a  chemist  is  desirous  of  separating  an  acid  from  a 
c  oxide  by  means  of  the  superior  affinity  of  potassa  for  the  former,  he 
itly  uses  rather  more  of  the  alkali  than  is  sufficient  for  neutralizing' 
d.  He  takes  the  precaution  of  employing  an  excess  of  alkali,  in  order 
re  efiectually  to  bring  every  particle  of  the  substance  to  be  decomposed 
act  with  the  decomposing  agent 

BerthoUet  has  attributed  a  much  greater  influence  to  quantity  of  mat- 
t  was  the  basts  of  his  doctrine,  developed  in  the  Statique  ChimiquA, 
dies  cannot  be  wholly  separated  from  each  other  by  the  affinity  of  a 
iibstance  for  one  element  of  a  compound ;  and  to  explain  why  a  so- 
shemical  attraction  does  not  produce  the  effect  which  might  be  ex- 
from  it,  he  contended  that  quantity  of  matter  compensates  for  a  weaker 
From  the  co-operation  of  several  disturbing  causes,  BerthoUet  per- 
that  the  force  of  affinity  cannot  be  estimated  with  certainty  by  observ- 
I  order  of  decomposition ;  and  he,  therefore,  had  recourse  to  another 
I.  He  set  out  by  supposing  that  the  affinity  of  different  acids  for  the 
Ikali,  is  in  the  inverse  ratio  of  the  ponderable  quantity  of  each  which 
Bsary  for  neutralizing  equal  quantities  of  the  alkali.  Thus,  if  two  parts 
acid  A,  and  one  part  of  another  acid  b,  are  required  to  neutralize  equal 
ies  of  the  alkali  c,  it  was  inferred  that  the  affinity  of  b  for  c  was  twice 
it  as  that  of  a.  He  conceived,  further,  that  as  two  parts  of  a  produce 
tie  neutralizing  effect  as  one  part  of  b,  the  attraction  exerted  by  any 
owards  two  parts  of  a  ought  to  be  precisely  the  same  as  for  the  one 

B ;  and  he  hence  concluded  that  there  is  no  reason  why  the  alkali 
prefer  the  small  quantity  of  one  to  the  large  quantity  of  the  other.  On 
founded  the  principle  that  quantity  of  matter  compensates  for  force  of 
on. 
lollet  has  here  obviously  confounded  two  things,  namely,  force  of  at- 

and  neutralizing  power,  which  are  really  different,  and  ought  to  be 

tinct    The  relative  weights  of  hydrochloric  and  sulphuric  acids  re- 

0  neutralize  an  equal  quantity  of  any  alkali,  or,  in  other  words,  their 
es  of  saturation,  are  as  36.4  to  40,  a  ratio  which  remains  constant  with 
bo  all  other  alkalies.    The  affinity  of  these  acids;  according  to  Ber- 

rule,  will  be  expressed  by  the  same  numbers.  But  in  taking  this 
,  we  have  to  make  Uiree  assumptions,  each  of  which  is  disputable. 

1  no  proof,  in  the  first  place,  that  hydrochloric  acid  has  a  greater  tS- 
r  an  alkali,  such  as  potassa,  than  sulphuric  acid.  Such  an  inference 
)  directly  opposed  to  the  general  opinion  founded  on  the  order  of  de- 
ion  ;  and  though  that  order,  as  we  have  shown,  is  by  no  means  a 
try  test  of  the  strength  of  affinity,  it  would  bo  improper  to  adopt  an 
conclusion  without  havinj^  good  reasons  for  so  doing.  Secondly, 
•tajUished  that  hydrochloric  acid  has  the  greater  affinity,  it  does  noC 
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IblW  that  the  attnctkm  of  those  adds  IbrpotMn  bin  ^  of  9M  to 

40.  And,  thirdly,  sappoainji^  this  point  settled,  it  is  Tery  improbable  that  the 
ratio  of  their  afl&nities  for  one  alkali  will  api^  to  all  otiiers;  analogy  woold 
lead  08  to  antieipate  the  reverse.  Independently  of  these  objections,  M.  Da* 
hmg  has  found  that  the  principle  of  Berthollet  is  not  in  accord  with  the  results 
of  experiment 

GravUy. — ^The  influence  of  ^avity  is  perceptible  when  it  is  wished  to  make 
t«ro  sobstanoes  unite,  the  densities  <»  which  are  different  In  a  case  of  sim- 
ple sohition,  a  larger  quantity  of  saline  matter  is  found  at  the  bottom  than  at 
the  top  of  the  liquid,  unless  the  solution  shall  haye  been  well  raized  sabse- 
qoently  to  its  formation.  In  making  an  alloy  of  two  metals  which  di^r 
from  one  another  in  density,  a  larger  quantity  of  the  hea?ier  metal  will  be 
found  at  the  lower  than  in  Uie  upper  part  of  the  compound ;  unless  great 
care  be  taken  to  counteract  the  tendency  of  gravity  by  agitation.  This  force 
obriooaly  ads,  fike  the  cohesive  power,  in  preventing  a  sufficient  degree  of 
approximation. 

Imoondkmhles^ — ^The  inOuence  which  heat  exerts  over  chemical  phenomena, 
and  toe  modes  in  which  it  operates,  have  been  already  discussed.  The  che- 
mical  agency  of  galvanism  has  also  been  described.  The  efiects  of  light 
will  be  most  oonveoiently  stated  in  other  parts  of  the  work.  Electricity  is 
frequently  employed  to  produce  the  combination  of  gfases  with  one  another, 
and  in  some  instances  to  separate  them.  It  appears  to  act  by  the  heat  which 
it  occaaionB,  and,  therefore,  on  the  same  principle  as  flame. 

MEASURE  OF  AFFINITY. 

Ab  the  foregoing  observations  prove  that  the  order  of  decomposition  is  not 
always  a  satisnictory  measure  of  affinity,  it  becomes  a  question  whether  there 
are  any  means  of  determining  the  comparative  forces  of  chemical  attraction. 
When  no  disturbing  causes  operate,  the  phenomena  of  decomposition  afford 
a  sure  criterion ;  but  when  the  conclusions  obtained  in  this  way  are  doubtful, 
asustance  may  be  frequently  derived  from  other  sources.  The  surest  indi- 
cations are  procured  by  observing  the  tendency  of  different  substances  to 
unite  with  the  same  principle,  under  the  same  circumstances,  and  subse- 
quently by  marking  the  comparative  facility  of  decomposition  when  the 
compounds  so  formed  are  exposed  to  the  same  decomposing  agent.  Thus, 
on  exposing  silver,  lead,  and  iron,  to  air  and  moisture,  the  iron  soon  rusts, 
the  lead  is  oxidized  in  a  slight  degree  only,  and  the  silver  resists  oxidation  al- 
together. It  is  hence  inferred  that  iron  has  the  f  reatost  affinity  for  oxygen, 
lead  next,  and  silver  the  least  This  conclusion  is  supported  by  concurring 
observations  of  a  like  nature,  and  confirmed  by  the  circumstances  under 
which  the  oxides  of  those  metals  part  with  their  oxygen.  Oxide  of  silver  is 
reduced  bj^  heat  only ;  and  oxide  of  lead  is  decomposed  by  charcoal  at  a  lower 
temperature  than  oxide  of  iron. 

It  is  inferred  from  the  action  of  heat  on  the  carbonate  of  potassa,  baryta, 
lime,  and  oxide  of  lead,  that  potassa  has  a  stronger  attraction  for  carbonic 
acid  than  baryta,  baryta  than  lime,  and  lime  than  oxide  of  lead.  The  affinity 
of  diffisrent  substances  for  water  may  be  determined  in  a  similar  manner. 

Of  all  chemical  substances,  our  knowledge  of  the  relative  degrees  o£  at- 
traction of  adds  and  alkalies  for  each  other  is  the  most  uncertain.  Their 
action  on  one  another  is  affiscted  by  so  msny  circnmstaoces,  that  it  is  in  most 
eases  impossible,  with  certainty,  to  refbr  any  effect  to  its  real  cause.  The 
only  methods  that  have  been  hitherto  devised  for  remedying  this  defect  are 
those  of  Berthollet  and  Kirwan.  Both  of  them  are  founded  on  the  capacities 
of  saturation,  and  the  objections  which  have  been  urged  to  the  rule  suggested 
by  the  fcnrmer  philosopher  apply  equally  to  that  proposed  by  the  latter.  But 
this  uncertainty  is  of  no  great  consequence  in  practice.  We  know  perfectly 
the  order  of  decomposition,  whatever  may  be  the  actual  forces  by  which  it  is 
effected. 

13 


134  I'AWB  or  OOMMVATION. 


SECTION  IL 


PROPORTIONS  IN  WHICH  BODIES  UNITE,  AND  THE 
LAWS  OF  COMBINATION. 

Tine  stady  of  the  proportioni  in  which  bodies  unite  naturally  resolves  itself 
into  two  parts.  The  first  includes  compounds  whose  elements  appear  to  unite 
in  a  mat  many  proportions ;  the  second  comprehends  those,  the  elements  of 
which  combine  in  a  few  proportions  only. 

I.  The  compounds  contained  in  the  first  division  are  of  two  kinds.  In 
one,  combination  takes  place  unlimitedly  in  all  proportions;  in  the  other,  it 
occurs  in  every  proportion  within  a  certain  limit  The  union  oC  water  with 
alcohol  and  the  liquid  acids,  such  as  the  sulphuric,  hydrochloric,  (nd  nitric 
acids,  affords  instances  of  the  first  mode  of  combination ;  the  solutions  of  salts 
in  water  are  examples  of  the  second.  One  drop  of  sulphuric  acid  may  be 
diffused  through  a  gallon  of  water,  or  a  drop  of  water  through  a  gaUon  of  the 
acid;  or  they  may  be  mixed  together  in  an^  intermediate  proportions;  and 
nevertheless  in  each  case  they  appear  to  unite  perfectly  with  each  other.  A 
hundred  grains  of  water,  on  the  contrary,  will  dissolve  any  quantity  of  sea- 
salt  which  does  not  exceed  forty  grains.  Its  solvent  power  then  ceases,  be- 
cause the  cohesion  of  the  solid  becomes  comparatively  too  powerful  for  the 
force  of  affinity.  The  limit  to  combination  is  in  such  instances  owing  to 
the  cohesive  power ;  and  but  for  the  obstacle  which  it  occasions,  the  salt 
would  most  probably  unite  with  water  in  every  proportion. 

All  the  substances  that  unite  in  many  proportions,  give  rise  to  eompooiida 
which  have  this  common  character,  that  their  elements  are  united  by  a  fee- 
ble affinity,  and  preserve,  when  combined,  more  or  less  of  the  properties 
which  they  possess  in  a  separate  state.  In  a  scientific  point  of  view,  these 
combinations  are  of  minor  importance ;  but  tliey  are  exceedingly  usefiil  as 
instruments  of  research.  They  enable  the  chemist  to  present  bodies  to  each 
other  under  circumstances  peculiarly  favourable  for  actin^^  with  effect :  the 
liquid  form  is  thus  communicated  to  thorn ;  while  the  affinity  of  the  solvent 
or  menstruum,  which  holds  them  in  solution,  is  not  sufficiently  powerful  to 
interfere  with  their  mutual  attraction. 

II.  The  most  interesting  series  of  compounds  is  produced  by  substances 
which  unite  in  a  few  proportions  only ;  and  which,  in  combining,  lose  more 
or  less  completely  the  properties  that  distinguish  them  when  separate.  Of 
these  bodies,  some  form  but  one  combination.  Thus  there  is  only  one  com- 
pound of  boron  and  oxygen,  and  of  chlorine  and  hydrogen.  Others  combine 
in  two  proportions.  For  example,  two  compounds  are  formed  by  tin  and 
oxygen,  and  by  hydrogen  and  oxygen.  Otiier  bodies  again  unite  in  three, 
four,  five,  or  even  six  proportions,  which  is  the  greatest  number  of  com- 
pounds that  any  two  substances  are  known  to  produce,  except  perhaps  car- 
bon and  hydrogen,  and  those  which  belong  to  the  first  division. 

The  combination  of  substances  that  unite  in  a  few  proportions  only,  is  re- 
gulated by  the  three  following  remarkable  laws : — 

1.  The  first  of  these  laws  is,  tiiat  the  composition  of  bodies  is  fixed  and 
invariable.  A  compound  substance,  so  long  as  it  retains  its  characteristic 
propertieSf^dways  consists  of  the  same  elements  united  together  in  the  same 
proportion.  Sulphuric  acid,  for  example,  is  always  composed  of  sulphur  and 
oxygen  in  the  ratio  of  16  parts*  of  the  former  to  24  of  the  latter:  no  other 
elements  can  form  it,  nor  can  it  be  produced  by  its  own  elements  in  anj 
other  proportion.    Water,  in  like  manner,  is  formed  of  I  part  of  hydrogen 

*  By  the  expression  *  parts*  I  always  mean  parts  by  weight 
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and  8  of  ooygfn;  and  were  theee  two  elements  to  tmite  in  toy  other  pro- 
portioii,  BOBie  new  compound,  different  from  water,  woald  be  the  prodocL 
The  same  obeervation  applies  to  all  other  aubstanoea,  howerer  complicated, 
and  at  whatever  period  they  were  produced.  Thita,  sulphate  of  baryta, 
whether  formed  aees  ago  by  the  hand  of  natore,  or  quite  recently  by  the 
operationa  of  the  chemist,  is  alwaya  composed  of  40  parts  of  sulphuric  add 
and  76.7  of  baryta.  This  law,  in  fact,  is  universal  and  permanent  Its  im- 
portance  is  eqoally  manifest :  it  is  the  essential  basis  of  chemistry,  without 
which  the  science  itself  could  have  no  existence. 

Two  views  have  been  proposed  by  way  of  accountings  for  this  law.  Hie 
explanation  now  universally  j^ven  is  confined  to  a  mere  statement,  that  sub- 
stances are  dispoeed  to  combine  in  those  proportions  to  which  they  are 
BO  strictly  limited^  in  preference  to  any  others ;  it  is  regarded  as  an  ultunate 
fiict,  because  the  phenomena  are  explicable  on  no  oUier  known  principle. 
A  difierent  doctrine  was  advanced  by  BerthoUct,  in  his  StaHque  Vkimique, 
paUisfaed  in  1803.  Having  observed  the  influence  of  cohesion  and  elasticity 
m  modifying  the  action  of  affinity  as  already  described,  he  thought  he  could 
trace  the  operations  of  the  same  causes  in  producing  the  effect  at  present 
under  consideration.  Finding  that  the  solubility  of  a  salt  and  of  a  gas  in 
water  ia  limited,  in  the  former  by  cohesion,  and  in  the  latter  by  elasticity, 
he  conceived  that  the  same  forces  would  account  for  the  unchangeable  com. 
position  of  certain  oompounds.  He  maintained,  therefore,  that  within  cer- 
tun  Umita  bodies  have  a  tendency  to  unite  in  every  proportion ;  and  that 
combination  ia  never  definite  and  invariable,  except  when  rendered  so  by 
the  operation  of  modifying  causes,  such  as  cohesion,  insolobihty,  elasticity, 
quantity  of  matter,  and  the  like.  Thus,  according  to  Berthollet,  sulphate  of 
baryta  is  composed  of  40  parts  of  sulphuric  acid  and  76.7  of  barjta,  not  be- 
cause those  substances  are  disposed  to  unite  in  that  ratio  rather  than  in  an- 
other,  but  becaoae  the  compound  so  constituted  happens ,  to  have  great  oc^- 
sive  power* 

These  opinions,  which,  if  true,  would  shake  the  whole  sei<moe  of  chemis- 
try to  its  foundation,  were  founded  on  observation  and  experiment,  supported 
by  all  the  ingenuity  of  that  highly  gifled  philosopher.  They  were  ably  and 
sucoessfuUy  combated  by  Proust  in  several  papers  published  in  the  Journal 
de  Phytique,  wherein  he  proved  that  the  metals  are  disposed  to  combine 
with  oxygen  and  with  sulf^or  only  in  one  or  two  proportions,  which  aie 
definite  and  invariable.  The  controversy  which  ensued  between  these  emi- 
nent chemists,  is  remarkable  for  the  moderation  with  which  it  was  con- 
ducted on  both  sides,  and  has  been  properly  quoted  by  Berzelius  as  a  model 
to  controveraialista.  How  much  soever  opinion  may  have  been  divided  upon 
the  question  at  that  period^  the  controversy  is  now  at  an  end.  The  great  va- 
riety of  new  facts,  similar  to  those  observed  by  Proust,  which  have  since 
been  established,  has  proved  beyond  a  doubt  that  the  leading  principle  of 
Berthollet  is  erroneooa.  The  tendency  of  bodies  to  unite  in  definite  propor- 
tions only,  is  indeed  so  great  as  to  excite  a  suspicion  that  all  subatances 
combine  in  this  way ;  and  that  the  exceptions  thought  to  be  afibrded  by  the 
phenomena  of  aolution,  are  rather  apparent  than  real ;  for  it  is  conceivable 
that  the  apparent  variety  of  proportion,  noticed  in  such  cases,  may  arise  from 
the  mixture  or  combination  of  a  few  definite  compounds  with  each  other. 

2.  The  second  law  of  combination  is,  that  the  relative  quantities  in  which 
bodies  unite  may  be  expressed  by  proportional  numbers.  Thus,  8  parte  of 
oxjgen  unite  with  1  part  of  hydrogen,  16  of  sulphur,  35.4  of  chlorine,  39.6 
of  selonium,  and  108  parts  of  silver.  Such  arc  the  quantities  of  these  five 
bodies  which  are  disposed  to  unite  with  8  parts  of  oxygen ;  and  it  is  found 
that  when  they  combine  with  one  another,  they  unite  either  in  the  propor- 
tions expressed  by  those  numbers,  or  in  multiples  of  them  according  to  the 
third  law  of  combination.  Hydrosulpburic  acid,  for  insUnce,  is  composed 
of  1  part  of  hydrogen  and  16  of  sulphur,  and  bisulphuret  of  hydrogen  of  1 
part  of  hydrogen  to  32  of  sulphur-,  35.4  of  chJorine  unite  with  1  of  hydro- 
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ceo,  16  of  sulphur,  md  108  of  nlver;  and  39.6  parti  of  aelmiiiiiii  with  1  of 
nydrogen,  and  16  of  8ul|^nr. 

From  the  occurrence  of  such  proportional  numbers  has  arisen  the  use  of 
certain  terms,  as  ProparHon,  ConMmng  Prepoittoii,  PnportiondL,  and  C&a- 
mieal  Equivalewt,  or  jEquiwiUntj  to  express  them.  The  latter  term,  intro- 
duced bjr  Dr.  Wdlaston,  and  which  I  shall  commonly  employ,  was  soggeal* 
ed  by  the  circumstance  that  the  combining  proportion  of  one  body  is,  as  it 
were,  equivalent  to  that  of  another  body,  and  may  be  substituted  for  it  m 
combination.  At  pa^  141  will  be  found  a  table  of  the  equivalents  of  ele- 
mentary substances. 

This  law  does  not  apply  to  elementary  substances  only,  since  eomponpd 
bodies  have  their  combining  proportions  or  equivalents,  which  may  likewise 
be  expressed  in  numbers.  Thus,  since  water  is  composed  of  one  equivalent 
or  8  parts  of  oxygen,  and  one  equivalent  or  1  of  hydrogen,  its  combining 
proportion  or  equivalent  is  9.  The  equivalent  of  sulphuric  acid  is  40,  b&- 
cause  it  is  a  compound  of  one  equivalent  or  16  parts  of  sulphur,  and  three 
equivalents  or  24  ports  of  oxj^gcn ;  and  in  like  manner,  the  combining  pro- 
portion of  hydrochloric  acid  is  36.4,  because  it  is  a  compound  of  one  equiva- 
lent or  35.4  parts  of  chlorine,  and  one  equivalent  or  1  part  of  hydrogen.  The 
equivalent  number  of  potassium  is  39,  and  ss  that  quantity  combines  with  8 
of  oxygen  to  form  pittassa,  the  equivalent  of  the  latter  is  39+8s47.  Now 
when  these  compounds  unite,  one  equivalent  of  the  one  combines  with  one, 
two,  three,  or  more  equivalents  of  the  other,  precisely  as  the  simple  sub- 
stances do.  The  hydrate  of  potassa,  for  example,  is  constituted  of  47  parts  of 
potassa  and  9  of  water,  and  its  equivalent  is  consequently  47-4-9,  or  56.  The 
sulphate  of  potassa  is  composed  of  40  sulphuric  acid-|-47  potassa ;  and  the 
nitrate  of  the  same  alkali  of  54  nitric  acid-4-47  of  potassa.  The  equivalent 
of  the  former  salt  is,  therefore,  87,  and  of  the  latter  101. 

The  compositiop  of  the  salts  affords  a  very  instructive  illustration  of  this 
subject;  and  to  exemplify  it  still  further,  a  ust  of  the  equivalents  of  a  few 
acids  and  alkaline  bases  is  annexed : — 

Hydrofluoric  acid 
Phosphoric  acid 
Hydrochloric  acid 
Sulphuric  acid 
Nitric  acid 
Arsenic  acid 
Selenic  acid 

It  will  be  seen  at  a  glance  that  the  neutralizing  power  of  the  difierent  alka- 
Hes  ii  very  difierent ;  for  the  equivalent  of  each  base  expresses  the  qmmtity 
required  to  neutralize  an  equivalent  of  each  of  the  acids.  Thus  18  of  lithia, 
31.3  of  soda,  and  76.7  of  baryta,  combine  with  54  of  nitric  acid,  forming  the 
neutral  nitrates  of  lithia,  soda,  and  baryta.  The  same  fact  is  obvious  with 
respect  to  the  acids ;  for  35.7  of  phosphoric,  40  of  sulphuric,  and  57.7  of 
arsenic  acid  unite  with  76.7  of  baryta,  forming  a  neutral  phosphate,  suL 
phate,  and  arseniate  of  baryta. 

These  circumstances  afford  a  ready  explanation  of  a  curious  fact,  first 
noticed  by  the  Saxon  chemist  Wenzel ;  namely,  that  when  two  neutral  salts 
mutually  decompose  each  other,  the  resnlting  compounds  are  likewise  neu- 
tral. The  cause  of  this  ftct  is  now  obvious.  If  7U  parts  of  neutral  snl- 
phate  of  soda  are  mixed  with  130.7  of  nitrate  of  baryta,  the  76.7  parts  of 
baryta  unite  with  40  of  sulphuric  acid,  and  the  54  parts  of  nitric  acid  of  the 
nitrate  combine  with  the  31.3  of  soda  of  the  sul[Aate,  not  a  particle  of  acid 
or  alkali  remaining  in  an  uncomblned  oondltion. 

Bulpliata  of  0oda.  Nitrate  of  Baryta. 

Sulphuric  add        40  54     Nitric  acid. 

Soda  31.3  76.7  Baiyta. 

lu  m7 


19.7 

Lithia 

18 

35.7 

Magnesia 

20.7 

36.4 

Lime 

28.5 

40 

Soda 

31.3 

54 

Potassa 

47 

57.7 

Strontia 

51,8 

63.6 

Baryta 

76.7 
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It  Autten  mat  whether  more  or  leee  than  71^  pent  of  enlpliate  of  eoda 
■re  added;  fiir  i£  more,  a  amall  quantity  of  aulpbate  of  eoda  will  rsmaiii  ia 
eolation ;  if  leaa,  nitrate  of  baryta  will  be  in  exoeee;  but  in  either  caae  the 
neutrality  will  be  unaflected. 

3.  The  third  law  of  oomfatnation  ia,  that  when  one  body  a  nnitea  with 
another  body  a  in  two  or  more  proportions,  the  qnantitiee  of  the  latter, 
onited  with  the  same  quantity  of  the  former,  bear  to  each  other  a  very  aim- 
pie  ration     The  progreaa  of  chemical  reaearch,  in  diaoorerinif  new  eom- 
pouoda  and  aeoertaining  their  exact  compoeition,  has  ahown  that  theae  ratioe 
of  a  may  be  repreaent^  by  one  or  other  of  the  two  fiiUowtng  aeries: — 
lat  Series,    a  unites  with  1,  2,  3,  4,  5,  &^  of  a. 
2d  Series,    a  unites  with,  1,  IJ,  2,  2^,  &c  of  a. 
The  first  seriea  is  exemplified  by  the  subjoined  compounds. — 


Water  ia  composed  of 

.        Hydrogen 

Binoxide  of  hydrogen 

Da 

Carbonic  oxide 

Carbon 

Carbonic  acid 

Do. 

Nitrous  oxide 

Nitrogen 

Nitric  oxide 

Do. 

Hyponitroua  acid 
NUrous  acid 

Do. 
Do. 

Nitric  acid 

Da 

I 
1 

^xrJi 

II 

6       . 

Da      «>1 
Da     1653 

6 

14       . 

Da      8^ 

1 

14 

Da    16 

2 

14 

Da    24 

3 

14 

Da    33 

4 

14        . 

Da    40J 

5 

It  ia  obvious  that  in  all  these  oompounds  the  ratios  of  the  oxygen  are  ex- 
preaeed  by  whole  numbers.  In  water  the  hydrogen  is  combined  with  half 
aa  much  oxygen  as  in  the  binoxide  of  hydro|ren,  so  that  the  ratio  is  as  1  to 
2l  The  same  relation  holds  in  carbonic  oxide  and  carbonic  acid.  The 
oxygen  in  the  compounds  of  nitrogen  and  oxygen  is  in  the  ratio  of  1,  2,  3, 
4,  and  5.  In  like  manner  the  ratio  of  sulphur  in  the  two  sulphurets  of 
mercuiTi  and  that  of  chlorine  in  the  two  chlorides  of  mercury,  is  as  1  to  2. 
So,  in  bicarbonate  of  potassa,  the  alkali  is  united  with  twice  as  much  car- 
boiuc  add  as  in  the  carbonate ;  and  the  acid  of  the  three  oxalates  of  potassa 
is  in  the  ratio  of  1,  2,  and  4 

The  fi>]lowing  compounds  exemplify  the  second  series : — 

Protoxide  of  iron  consists  of  Iron  28       Oxygen  8)1 

Peroxide  .Da  "^  ^       *rv>,. 

Protoxide  of  manganese  .    Manganese 

Sesquioxide  .  .    Do. 

Binoxide  .    Do. 

Araenious  acid  .  Arsenic 

Arsenic  acid  .  .    Do. 

Hypophosphorous  acid       .  Phosphorus 

Phosphorous  acid  .     Da  15.7        Da    12S>1| 

Phosphoric  add  .Da  15.7        Da    20)  2^ 

Both  of  these  series,  which  together  OonstiCate  the  third  law  of  oombi- 
nation,  reaolt  naturally  €rom  the  operation  of  the  second  law.  The  first 
aeriee  ariaea  fixNn  one  equiralent  o€  a  body  uniting  with  1, 2,  3,  or  more 
equiTalenta  of  another  body.  The  second  series  is  a  consequence  of  two 
equivalenta  of  one  substance  combining  with  3,  5,  or  more  equivalenta  of 
another.  Thoa  if  two  equiralents  of  phosphorus  unite  both  with  3  and  with 
5  equivalenta  of  oxygen,  we  obtain  the  ratio  of  1^  to  2j ;  and  should  one 
equivalent  of  iron  combine  with  one  of  oxygen,  and  another  compound  be 
formed  of  two  equivalents  of  iron  to  three  of  oxygen,  then  the  oxygen  united 
with  the  same  weight  of  iron  would  have  the  ratio,  as  in  the  table,  of  1  to 
1|.  The  oompounds  of  manganese  and  phosphorue  with  oxygen  afford  ex- 
ampleaof  the  same  nature.  SdU.  more  complex  arrangements  will  be  readily 
oonodved,  sueh  aa  3  equivalenta  of  one  substance  to  4,  5,  or  more  of  another. 
But  it  ia  remarkable  that  combinations  of  the  kind  are  very  rare ;  and  even 
their  exiatence,  though  theoretically  poasiblo,  baa  not  been,  deddedly  eata- 

12* 


28 

61 

27.7 

Da 

27.7 

Da 

27.7 

Da 

37.7 

Do. 

37.7 

Da 

15.7 

Da 

15.7 

Da 

15.7 

Da 
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Uished.  Eiren  some  of  tbe  compounds  which  aro  mnially  indoded  in  the 
Mcond  aeries  bdong  properly  to  the  first  The  red  oxide  of  lead,  for  in- 
stance,  appears  in  its  chemical  relations  not  so  much  as  a  direct  compound 
of  lead  and  oxyeen,  but  as  a  kind  of  salt  formed  bv  the  union  of  the  bin- 
oxide  of  lead  with  the  protoxide  of  the  same  ipetal.  On  this  sappositiaa 
the  two  other  oxides  belong  to  the  first  series. 

The  merit  of  establishing  the  first  law  of  combination  seems  justly  doe 
to  Wenzel,  a  Saxon  chemist ;  and  the  second  law  is  also  deducible  from  his 
experiments  on  the  composition  of  the  salts.  His  work,  entitled  LeAre  dcr 
Venoan^haft,  was  published  in  1777.  Bergmann  and  Richter,  a  few 
yjears  after,  confirmed  the  observations  of  Wenzel,  though  without  adding 
materially  in  the  way  of  generalization.  The  late  Mr.  Hig^ns,  also,  in 
1789,  speculated  on  the  atomic  constitution  of  compound  bodies  in  a  man- 
roer  which,  if  pursued,  would  have  led  to  the  discovery  of  Dalton.  It  is  to 
the  Utter,  science  is  indebted  for  deducing  (torn  the  scattered  facts  which 
had  been  previously  collected,  a  theory  of  chemical  union,  embracing  the 
whole  science,  and  giving  it  a  consistency  and  form  which  before  his  time  it 
had  never  possessed.  In  hb  hands  the  second  law  of  combination  first  at- 
tained its  full  generality ;  but  the  discovery  which  is  more  peculiarly  his 
own,  is  that  part  of  the  third  law  of  combination  which  is  contained  in  the 
first  of  the  two  series  above  mentioned.  The  first  public  announcement  of 
his  views  appears  to  have  been  made  to  the  Philosophical  Society  of  Man- 
chester in  1803 ;  and  in  1808  they  were  explained  in  bis  New  System  of 
Chemical  Philosophy.  In  the  same  year  Dr.  Wollaston  and  Dr.  Thomson 
gave  their  evidence  m  support  of  the  new  doctrine,  and  other  chemists  have 
rollowed  in  the  same  path  of  inquiry.  But  of  all  who  have  successfully  la- 
boured  in  establishing  the  laws  of  combination,  the  most  splendid  contribu- 
tion is  that  of  the  celebrated  Berzclius.  Struck  with  the  perusal  of  the 
works  of  Richter,  he  commenced  in  1807  an  investigation  into  the  laws  of 
definite  proportion.  Since  that  period  his  labours  in  this  important  field 
have  been  incessant,  and  every  department  of  the  science  has  been  enrich- 
ed by  his  skill  and  indefatigable  industry.  Whether  we  look  to  pneumatic 
chemistry,  to  the  chemical  history  of  the  metals  and  of  the  salts,  or  to  the 
composition  of  minerals,  we  are  alike  indebted  to  Berzelius.  In  all  has  he 
traced  the  laws  of  definite  proportion,  and,  by  a  multitude  of  exact  analyses, 
given  to  the  laws  of  combination  that  certainty  which  accumulated  facts  can 
alone  convey. 

The  utility  of  being  acquainted  with  these  important  laws  is  almost  too 
manifest  to  require  mention.  Through  their  aid,  and  by  remembering  the 
equivalents  of  a  few  elementary  substances,  the  composition  of  an  extensive 
range  of  compound  bodies  may  be  calculated  with  facility.  Thus,  by  know* 
ing  that  6  is  the  equivalent  of  carbon  and  8  of  oxygen,  it  is  easy  to  recollect 
the  composition  of  carbonic  oxide  and  carbonic  acid ;  the  first  consisting  of 
6  parts  of  carbon^ -f-  8  of  oxygen,  and  the  second  of  6  carbon  -f-  16  of 
oxygen.  The  equivalent  of  potassium  is  39;  and  potassa,  its  protoxide,  is 
composed  of  39  of  potassium  +  8  of  oxygen.  From  these  few  data,  we 
know  at  once  the  composition  of  carbonate  and  bicarbonate  of  potassa ;  tbe 
former  being  composed  of  22  parts  of  carbonic  acid  -f-  47  potassa,  and  the 
latter  of  44  carbonic  acid  +  47  potassa.  This  method  acts  as  an  artificial 
memory,  the  advantage  of  whicn,  compared  with  the  oommon  practice  of 
•tating  the  composition  in  100  parts,  will  be  manifest  by  inspecting  the  fol- 
lowing quantities,  and  attempting  to  recoUsct  then. 

Carbonic  Oxide.  Carbooie  Acid. 

Carbon  43.86        ....        37.37 

Oxygen  57.14        ....        73.73 

Carbonate  of  Potassa.  BicarbonBts  of  Potassa. 

Carbonic  acid     31.43        .'      ,  47^ 

PotMM  68.57        ....       53.17 
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fVom  die  nne  datat  caIeaktioiM»  which  would  oChefwiie  be  diflKenlt  or 
tedioai,  may  be  made  rapidly  and  with  eaae,  without  reierenoe  to  booki,  and 
fieqaentlj  by  a  simple  mental  procesi.  The  ezaet  quantities  of  mlistanoee 
leqmred  to  produce  a  given,  effisct  may  be  determined  with  certainty,  thus 
ailbrdiog  information  which  b  often  necessary  to  the  sucoess  of  cberaieal 
proccescB,  and  of  great  consequence  both  in  the  practice  of  the  chemical 
arts,  and  in  the  operations  of  pharmacy. 

Tlie  same  knowledge  affiords  a  good  test  to  the  analyst  by  which  he  ma^ 
jud^e  of  the  accuracy  of  his  result,  and  even  sometimes  correct  an  analysis 
which  he  has  not  the  means  of  performing  with  rigid  precision.  Thus  a 
powerful  argument  for  the  accuracy  of  an  analysis  is  derived  from  the  cor* 
rcependence  of  its  result  with  the  laws  of  cheminl  onion.  On  the  contrary, 
if  it  form  an  exception  to  them,  we  are  authorised  to  regard  it  as  doubtftu ; 
and  may  hence  be  led  to  detect  an  error,  the  existence  of  which  might  not 
4jtiieiwise  haYe  been  suspected.  If  an  oxidi»d  body  be  found  to  contain 
one  equivalent  of  the  combustible  with  7.99  of  oxygen,  it  is  fair  to  infor  that 
8,  or  one  equifalent  of  oxygen,  would  hare  been  the  result,  had  the  analysie 
been  perfoct.  ^ 

The  composition  of  a  anbetance  may  sometimes  be  determined  by  a  cal- 
culation, founded  on  the  laws  of  chemical  union,  before  an  analysis  of  it  has 
been  accomplished.  When  the  new  alkali  lithia  was  first  diacofered,  che- 
mista  ^d  not  possess  it  in  sufficient  quantity  for  determining  its  ooostitntion 
analytically.  But  the  neutral  sulphates  of  the  alkalies  and  alkaline  earths 
are  known  to  be  composed  of  one  equivalent  of  each  constituent,  and  the 
oaudes  to  contain  one  equivalent  of  oxygen.  If  it  be  found,  therefore,  by 
•nalysis,  that  neutral  sulphate  of  lithia  is  composed  of  40  parts  of  sulphuric 
acid  and  18  of  lithia,  it  may  be  inferred,  since  40  is  one  equivalent  of  the 
acid,  that  18  is  the  equivalent  for  lithia ;  and  that  this  oxide  is  formed  of  8 
parts  of  oxygen  and  10  of  lithium. 

The  metrod  of  determining  equivalent  numbers  will  be  anticipated  from 
what  has  already  been  said.  The  commencement  is  made  by  carefully  ana- 
losing  a  definite  compound  of  two  simple  substances  which  possess  an  ex* 
tensive  range  of  affinity.  Thus  water,  a  compound  of  oxygen  and  hydrogen, 
as  found  to  contain  8  parts  of  the  former  tol  of  the  latter ;  and  if  it  be  as- 
aomed  that  water  consists  of  one  equivalent  of  oxygen  and  one  of  hydrogen, 
the  relative  weights  of  these  equivalents  will  be  as  8  to  1.  The  chemist  then 
selects  for  analysts  such  compounds  as  he  believes  to  contain  one  equivalent 
of  each  element,  in  whieh  either  oxygen  or  hydrogen,  but  not  botli,  is  pre- 
sent. Carbonic  oxide  and  hydrosulphuric  kcid  are  suited  to  his  purpose :  as 
the  former  consists  of  8  parts  of  oxygen  and  6  of  carbon,  and  the  latter  of  1 
part  of  hydrogen  and  16  of  sulphur,  the  equivalent  of  carbon  is  inferred  to 
be  6,  and  tiiat  of  sulphur  16.  The  equivalents  of  all  the  other  elements  may 
be  determined  in  a  similar  manner. 

In  researches  on  chemical  equivalents  there  are  two  kinds  of  difficulty, 
one  involved  in  the  processes  for  ascertaining  the  exact  composition  of  com- 
pounds, and  the  other  in  the  selection  of  the  compounds  which  contain  sin* 
gle  equivalents.  Important  general  precautions  m  the  experimental  part  of 
the  subject  are  the  following: — 1,  to  exert  scrupulous  care  about  the  purity 
of  materials;  2,  to  select  methods  which  consist  of  a  few  simple  operations 
only ;  3,  to  repeat  experiments,  and  with  materials  prepared  at  different 
times;  4,  to  arrive  at  the  same  conclusion  by  two  or  more  processes  inde- 
pendent of  each  other.  In  the  selection  of  compounds  of  single  equivalents, 
there  are  several  circumstances  calculated  to  direct  the  judgment : — 

J.  If  tvfo  substances  combine  in  several  proportions,  the  law  of  multiples 
usually  affects  the  electro-negatire  element  of  a  compound.  Thus,  in  the 
5  compounds  of  nitrogen  and  oxygen,  in  which  oxygen  is  the  negative  ele- 
ment, 14  parte  of  nitrogen  are  united  with  8, 16,  H  33.  ^^^  ^^  I»^  ^ 
oxygen ;  whereas,  taking  the  quantity  of  oxygen  as  consUnt,  8  parts  of  ox?« 
gen  are  united  wiUi  14,  7,  4.66, 3.5,  and  S.8  parts  of  nitrogen,  m  which  the 
simple  ratio  of  tho  first  series  does  not  exist.  This  oireumstance  induces  tiie 
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eliemift  ahrajB  to  ■eweh  waumg  the  oiideiof  the  flame  ekmeiit  for  the  lowest 
gnde  of  ozidaticNi,  uid  in  moat  caeee  to  ooniidor  it  u  «  oompoand  of  ain^ls 
equi^mtenta.  In  aome  inatanoea,  howerer,  the  aeoond  decree  of  ozidatioa  is 
mrmed  of  aingle  equivalenta,  while  the  loweat  ojude  conaiatB  of  two  equiva- 
lenta  of  the  poaitive  element  and  one  of  ozy^iL  Such  oompoanda  are  cnll^ 
ed  dioxidet  (ptige  124)  and  aometimea  nAoxtdeg. 

2.  Metallic  ozidea,  diatinguiahed  for  atrong  alkalinity  or  for  acting  as 
8tron|;  alkaline  baaea,  are  alwaya  protozidea.  Diozidea  rarely,  if  e^M*,  unite 
definitely  with  acida,  and  are  remarkable  for  their  ready  oonveraion  into 
protozidea  with  aeparation  of  metal.  If  the  aame  metal  yield  aeveral  osideai, 
the  protoxide  is  the  atrongeat  base ;  the  higheat  grade  of  ozidation  ia  fr»> 
qnently  an  acid,  and  the  intermediate  ozides  are  in  general  little  diatiiw 
gttiahed  either  for  alkalinity  or  acidity.  Protozidea  naiully  reaiat  deoompo- 
aition  more  obstinately  than  other  ozides. 

3.  When  a  metal  forma  two  ozidea,  the  ozygen  of  which  ia  in  the  ratio  of 
1  to  14«'the  first  is  usually  the  protozide,  and  ue  aeoond  a  compound  of  two 
equivalenta  of  the  metal  to  three  of  ozygen.  The  ozides  of  iron  and  nickel 
are  examplea. 

4  If  two  compounds  resemble  each  other  in  their  modes  of  combination,  it 
ia  a  atrong  preaumption  that  their  constitution  is  similar.  Alumina  and  Uie 
peroxide  of  iron  are  remarkably  allied  in  their  chemical  relations;  and  hence 
it  ia  inferred,  aince  the  latter  consists  of  two  eq.  of  iron  and  three  eq.  of  ozy. 
gen,  that  the  former,  whose  compoeition  would  otherwise  be  very  doubtful,  is 
composed  of  two  eq.  of  aluminium  and  three  eq.  of  ozjrgen. 

5.  Mitacherlich  has  found,  as  is  more  fully  stated  in  the  article  on  ciya- 
tallization,  that  certain  compounds  which  resemble  each  other  in  compoai^ 
tion  and  in  their  modea  of  combining,  are  likewise  disposed  in  crystallizing 
to  affect  the  same  form.  Hence  it  is  a  strong  preaumption  that  compounda 
which  are  analogous  both  in  their  crystalline  figure  and  modes  of  comtnn- 
ing,  are  also  similar  in  their  composition.  In  Uie  ozide  and  acid  of  chro- 
mium, the  ozygen  is  in  the  ratio  1  to  2,  and  hence  it  waa  at  first  supposed 
that  one  eq.  of  chromium  waa  united  in  the  ozide  with  one  eq.  and  in  the 
acid  with  two  equivalents  of  ozygen.  But  the  cbromates  resemble  the  sul- 
phates  in  form  and  modea  of  combining,  and  the  ozide  of  chromium  bears 
the  aame  analogy  to  alumina  and  perozide  of  iron.  The  inference  ia  that 
ozide  of  chromium  consists  of  two  eq.  of  chromium  and  three  eq.  of  oxygen, 
and  chromic  acid  of  one  eq.  of  chromium  and  three  eq.  of  oxygen. 

6.  Another  guide  in  these  inquiries  is  derived  from  the  relation  traced  by 
Dulong  and  Petit  between  the  equivalent  of  a  body  and  its  specific  heat  The 
coincidences  pointed  out  at  page  35  are  sufficiently  numerous  to  ahow  an 
interesting  relation  which  is  sometimes  useful  in  selecting  between  doubtful 
numbers ;  but  the  instances  of  fiiilurc  are  at  present  too  fi'equent  to  admit 
of  this  principle  being  used  ezcept  with  much  caution. 

7.  The  ready  decomposition  by  galvanism,  observed  by  Mr.  Faraday,  of 
compounds  which  consist  of  single  equivalents,  and  the  resistance  to  the 
aame  agent  of  many  others  not  so  constituted,  promises  to  become  an  indi. 
cation  of  great  value  in  determining  equivalent  numbers.  The  facts  as  yet 
known  respecting  it  will  be  found  in  the  section  on  galvanism. 

8.  Great  light  is  oden  thrown  on  the  chemical  constitution  of  a  compound 
by  a  knowledge  of  the  volumet  of  the  substances  of  which  it  is  composed. 
This  subject,  however,  will  be  discussed  in  an  after  part  of  this  section. 

Since  the  equivalents  merely  express  the  relative  quantities  of  di^rent 
substances  which  combine  together,  it  is  in  itself  immaterial  what  figurea 
are  employed  to  express  them.  The  only  essential  point  is,  that  the  rekttion 
should  be  strictly  observed.  Thus,  the  equivalent  of  hydrogen  may  be  as- 
auraed  as  10;  but  then  oxygen  must  be  80,  carbon  60,  and  aulphur  160. 
We  may  call  hydrogen  100  or  1000 ;  or,  if  it  were  desirable  to  perplex  the 
subject  as  much  as  possible,  some  high  uneven  number  might  be  selected, 
provided  the  doe  relation  between  the  different  numbers  were  faithfully  pre. 
served.    But  such  a  practice  woold  effectually  do  away  with  the  advantage 
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«liof8.ateribed  to  the  use  of  eqnivdeDts;  and  it  it  the  object  of  efeiy  one  lo 
emphy  such  ao  are  simple,  that  their  relation  may  be  perceived  by  mere  in- 
apectioo.  Dr.  Thomson  makes  oxygen  1,  so  that  hydrogen  is  eight  times 
Jbm  than  uni^,  or  0.125,  carbon  0.75,  and  sulphur  2.  Dr.  WoUaston,  in  his 
scale  of  chemical  equivalents,  estimated  oxygen  at  10 ;  and  hence  hydrogen 
is  1J35,  carbon  7.5,  and  so  on.  According  to  Berzelius,  oxygen  is  100.  And 
lastly,  several  other  chemists,  such  as  Duton,  Davy,  Henry,  and  others,  se- 
lected hydrogen  as  their  unit;  and,  therefore,  the  equivalent  of  oxygen  is  8. 
One  of  these  series  may  easily  be  reduced  to  either  of  the  others  by  an  ob- 
vious and  simple  calculation.  The  numbers  adopted  in  this  work  refer  to 
hydrogen  as  onity,  and  are  given  in  the  subjoined  table. 

CHEMICAL  EQUIVALENTB  OF  ELEMENTARY  SUBSTANCES. 


ElementB. 

Equivalents. 

dements. 

Equivalents. 

Elements. 

Equivalents. 

Aluminium 

13.7 

Gold.    .    . 

199.2 

Potassium 

39.15 

Antimony 

646 

Hydrogen  . 

1 

Rhodium 

52il 

Arsenic  . 

37.7 

Iodine    .     . 

126.3 

Selenium 

39.6 

Bahum   . 

6a7 

Iridium 

9^8 

Silicium 

7.5 

Bismuth 

71 

Iron  .     .    . 

28 

Silver     . 

108 

Boron 

10.9 

Lead      .    . 

103.6 

Sodium  . 

23.3 

Bromine 

7a4 

Lithium     . 

10 

Strontium 

43.8 

Cadmium 

55.8 

Magnesium 

12.7 

Sulphur . 
Tellurium 

16.1 

Calcium 

20.5 

Manganese 

27.7 

32.3 

Carbon     . 

6.12 

Mercury     . 

202 

Thorium 

59.6 

C^nm    . 

46 

Molybdenum 
Nickel    .    . 

47.7 

Tin    .    . 

57^ 

Chlorine 

35^ 

29.5 

Titanium 

24.3 

Chromium 

28 

14.15 

Tungsten 

99.7 

Cobalt      . 

29.5 

Osmium     . 

99.7 

Vanadium 

68.5 

Columbiom 

185 

Oxygen 
Palladium  . 

8 

Uranium 

217 

Copper     . 

31.6 

533 

Yttrium 

32.3 

Fluorine 

ia68 

Phosphorus 
iPIatinum    . 

15.7 

Zino  .    . 

323 

Glucinium 

17.7 

98.8 

Zirconium 

33.7 

The  preceding  taUe  is  constructed  principally  from  the  published  tables 
of  Bemlius,  and  partly  from  fiusts  supplied  by  my  own  researches.  The  hy- 
pothesis  that  all  equivalent  numbers  are  simple  multiples  of  the  equivalent 
of  hydrogen,  has  been  elsewhere  shown  to  be  untenable.  (PhiL  Trans.  1833, 
PartiL  page  533.)  Whenever  the  experimental  quantity  is  nearly  a  whole 
iiiimber,  the  last  may  for  many  purposes  be  used  as  a  sufficient  approxima^ 
tioD ;  and,  accordingly,  for  such  elements  as  carbon,  sulphur,  nitrogen,  and 
potassium,  which  are  often  referred  to  in  the  way  of  illustration,  I  have  gen- 
erally adopted  round  numbers,  as  being  shorter  and  more  easily  remember- 
ed than  flections.  But  on  all  occasions  where  exact  calculations  are  con- 
cerned, the  numbers  given  in  the  table  should  be  employed. 

The  useful  instrument,  known  by  the  name  of  the  SeaU  of  Chemical 
EquioalenU,  was  originally  devised  by  Dr.  Wollaston,  and  is  a  Uble  of 
equivalentH^  oomprehoiding  all  those  substances  which  are  most  frequently 
eropfeyed  by  chemists  in  the  laboratory;  and  it  only  differs  from  other 
tabular  arrangements  of  the  same  kind,  in  the  numbers  being  attached  to  a 
sliding  rule,  whidli  is  divided  according  to  the  principle  of  that  of  Gunter. 
From  the  mathematical  construction  of  the  scale,  it  not  only  serves  the 
same  purpose  as  other  tables  of  equivalents,  but  in  many  instances  super- 
sedes the  neoeHUy  of  calculation.  Thus,  by  inspecting  the  common  Uhle 
of  equivalents,  we  learn  that  87  ports,  or  one  equivalent,  of  sulphate  of 
poCassa  contain  40  parts  of  sulphuric  acid  and  47  of  potassa;  but  reconrse 
must  be  had  to  calculation,  when  it  is  wished  to  determine  the  quantity  of 
■eid  or  alkali  m  any  other  quantity  of  the  salt.    This  knowledge,  on  tho 
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ooDtnry,  U  obtained  directly  bj  means  of  the  aeale  of  eheniieal  eqalvaleatt. 
For  example,  on  pushing  up  the  slide  until  100  marked  upon  it  b  in  a  line 
with  the  name  sidphate  of  potassa  on  the  fixed  part  of  the  scale,  the  nnmbei* 
opposite  to  the  terms  sulphuric  acid  and  potassa  will  give  the  precise  quan- 
tity of  each  contained  in  100  parts  of  the  compound.  In  the  original  scale 
of  Dr.  Wollaston,  for  a  particular  account  of  which  I  mar  refer  to  the 
Philosophical  Transactions  for  1814,  oxygen  is  taken  as  the  standard  of 
comparison;  but  hydrogen  may  be  seleci«i  for  that  purpose  with  equal 
propriety,  and  scales  of  this  kind  have  been  prepared  for  sale  by  Dr.  Boewell 
Ksid  of  Edinburgh.  A  very  complete  scale  of  equivalents  has  been  drawn 
up  by  Mr.  Prideaux  of  Plymouth.  (Phil.  Mag.  and  Annals,  viiL  430.^ 

ATOMIC  THEORY. 

The  brief  sketch  which  has  been  given  of  the  laws  of  combination,  will, 
I  trust,  serve  to  set  in  its  true  light  the  importance  of  that  department  of 
chemical  science.  It  is  founded,  as  may  have  been  seen,  on  experiment  alone; 
and  the  laws  which  have  been  stated  are  the  mere  expression  of  fact  It  is  not 
necessarily  connected  with  any  speculation,  and  may  be  kept  wholly  free 
fiom  it  The  error  which  students  of  chemistry  are  apt  to  commit  in 
supposing  that  the  laws  of  combination  involve  something  uncertain  or 
hypothetical,  may  easily  be  traced  to  its  source.  It  was  impossible  to 
reflect  on  the  regularity  and  constancy  with  which  bodies  obey  these  laws, 
without  speculating  about  the  cause  of  that  regularity :  and,  consequently, 
the  facts  themselves  were  no  sooner  noticed  than  an  attempt  was  made  to 
explain  them.  Accordingly,  when  Dr.  Dalton  published  his  discovery  of 
those  laws,  he  at  once  incorporated  the  description  of  them  with  his  notion 
of  their  physical  cause,  and  even  expressed  the  former  in  language  suggested 
by  the  latter.  Since  that  period,  though  several  British  chemists  of  eminence, 
and  in  particular  Wollaston  and  Davy,  recommended  and  practised  an  oppo- 
site  course,  both  subjects  have  been  too  commonly  comprised  under  the 
head  of  atomic  theory ;  and  hence  it  has  often  happened  that  beginners  have 
rejected  the  whole  as  hypothetical,  because  they  could  not  satisfactorily 
distinguish  those  parts  which  are  founded  on  fact,  from  those  which  are 
conjectural  All  such  perplexity  would  have  been  avoided,  and  this  depart- 
ment of  the  science  have  been  far  better  understood,  and  its  value  more 
justly  appreciated,  had  the  discussion  concerning  the  atomic  constitution  di 
bodies  been  always  kept  distinct  from  that  of  the  phenomena  which  it  is 
intended  to  explain.  When  employed  in  this  limited  sense,  the  atomic 
theory  may  be  discussed  in  a  few  words. 

Two  opposite  opinions  have  long  existed  concerning  the  ultimate  elements 
of  matter.  It  is  supposed,  according  to  one  party,  that  every  particle  of 
matter,  however  small,  may  be  divided  into  smaller  portions,  provided  our 
instruments  and  organs  were  adapted  to  the  operation.  Their  opponents 
contend,  on  the  other  hand,  that  matter  is  composed  of  certain  ultimaie 
particles  or  molecules,  which  by  their  nature  are  indivisible,  and  are  hence 
termed  atoma  (from  «t  luA  and  Tfyurur  to  cut).  These  opposite  opinions  have 
from  time  to  time  been  keenly  contested,  and  with  variable  success,  accord- 
ing to  the  acuteness  and  ingenuity  of  their  respective  champions.  But  it 
was  at  last  perceived  that  no  positive  data  existed  capable  of  deciding  the 
question,  and  its  interest,  therefore,  gradually  declined.  The  progress  of 
modern  chemistry  has  revived  the  ^neral  attention  to  this  controversy,  by 
affording  a  far  stronger  argument  m  favour  of  the  atomic  constitution  of 
bodies  than  was  ever  advanced  before,  and  one  which  I  conceive  is  almost 
irresistible.  We  have  only  in  fact  to  assume  with  Dalton,  that  all  bodies 
nre  composed  of  ultimate  atoms,  the  weight  of  which  is  different  in  different 
^ds  of  matter,  and  we  explain  at  once  the  foregoing  laws  of  chemical 
^ion ;  and  this  mode  of  reasoning  is  in  the  present  case  almost  deeisive, 
because  the  phenomena  do  not  appear  explicable  on  any  other  supposition. 

Aocordtng  to  the  atomic  theory,  every  compound  is  formed  olif  the  atoms 
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of  iti  oontitoents.  An  atom  of  A  may  onite  with  one,  two,  thne,  or  more 
atoms  of  B,  Tfaoa,  sopposiDg  wtm  to  be  oompoeed  of  one  atom  of  hydixK 
gen  and  one  atom  of  oxygen,  binoziiie  of  hy4rogen  will  confliat  of  one  atom 
afiiydrqgen  and  two  atoms  of  oxygen.  If  cartonic  oxide  is  formed  of  one 
atom  c£  carbon  and  one  atom  of  oxygen^  carbonic  acid  will  consist  of  cna 
atom  of  carbon  and  two  atoms  of  oxjgen. 

Ii|  in  the  compounds  of  nitrogen  and  oxygen  enumerated  at  page  137,  tiie 
Bnt  or  protoxide  consist  of  one  atom  of  nitrogen  and  one  atom  of  oxygeB, 
the  fbnr  others  will  be  regarded  as  compounds  of  one  atom  of  nitrogen  to 
two,  three,  four,  and  five  atoms  of  oxygen.  From  these  instances  it  will 
appear,  that  the  law  of  multiple  proportion  is  a  necessary  consequence  of 
the  atomic  theory.  There  b  also  no  apparent  reason  why  two  or  mora 
atoma  of  one  substance  may  not  combine  with  two,  three,  four,  five,  or  more 
atoms  of  another ;  but,  on  the  contrary,  these  arrangements  are  necessary 
in  explanation  of  the  not  unfrequent  occurrence  of  half  equivalents,  as  fiir- 
meriy  stated.  (Page  137.)  Such  combinations  will  also  account  for  the 
complicated  proportion  noticed  in  certain  compounds,  especially  in  many  of 
those  belonging  to  the  animal  and  vegetable  kingdoms. 

In  consequence  of  the  satisfiictory  explanation  which  the  laws  of  chemical 
union  receive  by  means  of  the  atomic  theory,  it  has  become  customary  to 
employ  the  term  atom  in  the  same  sense  as  combining  proportion  or  equiva^ 
lent  For  example,  instead  of  describing  water  as  a  compound  of  one 
equivalent  of  ozygen  and  one  equivalent  of  hydrogen,  it  is  said  to  consist  of 
one  atom  of  each  element.  In  like  manner  sulphate  of  potassa  is  said  to  be 
formed  of  one  atom  of  sulphuric  acid  and  one  atom  of  potassa ;  the  word  in 
this  case  denoting  as  it  were  a  compound  atom,  that  is,  the  smallest  integral 
particle  of  the  acid  or  alkali, — a  particle  which  does  not  admit  of  being 
divided,  except  by  the  separation  of  its  elementary  or  constituent  atoms. 
The  numbers  expressing  the  proportions  in  which  bodies  unite,  most  Uko- 
wise  indicate,  consistent^  with  this  view,  the  relative  weights  of  atoms ;  and 
accordingly  these  numbers  are  oflen  called  atomic  toei^hto.  Thus,  as  water 
is  composed  of  8  parts  of  oxygen  and  I  of  hydrogen,  it  follows,  on  the  sup- 
poution  of  water  consisting  of  one  atom  of  each  element,  that  an  atom  of 
oxygen  must  be  eight  times  as  heavy  as  an  atom  of  hydrogen.  If  carbonic 
oxicfe  be  formed  of  an  atom  of  carbon  and  an  atom  of  oxygen,  the  relative 
weight  of  their  atoms  is  as  6  to  S;  and  in  short  the  chemical  equivalents 
of  lUl  bodies  may  be  considered  as  expressing  the  relative  weighte  of  their 
atoms. 

The  foregoing  argument  in  favour  of  the  atomic  constitution  of  matter 
becomes  much  stronger,  when  we  trace  the  intimate  connexion  which  sub. 
sists,  among  many  substences,  between  their  crystalline  form  and  chemical 
oompoeition.  This  subject,  however,  now  known  under  the  name  of  ioomoT' 
pkfsm  will  be  more  conveniently  discussed  under  the  head  of  crystallization. 

Daiton  supposes  that  the  atoms  of  bodies  are  spherical;  and  he  has 
invented  certain  symbols  to  represent  the  mode  in  which  he  conceives  they 
may  combine  together,  as  illustrated  by  the  following  figares. 

©   Hydrogen.  O  Oxygen. 

O   Nitrogen.  #  Carbon. 

BINARY  COMPOUNDS. 

O  ©  Water. 

O  #  Carbonic  oxide. 

TERNARY  OOUPOONDB. 

O  ©  O  Binoxide  of  hydrogen. 
O  #  O  Carbonic  acid. 
&*c.  dtc.  &c. 
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AU  tabstanoefl  eontaiiiing  only  two  «tomB  he  called  binary  eompounds. 
those  composed  of  three  atoms  ternary  compounds,  of  four  qoatenutfy,  and 
soon. 

There  are  several  questions  relative  to  the  nature  of  atoms,  most  of  which 
will  perhaps  never  be  decided.  Of  this  nature  are  the  questions  which  re- 
late to  the  actual  form,  size,  and  wei^rht  of  atoms,  and  to  the  circumstanoes 
in  which  they  mutually  differ.  All  that  we  know  with  any  certainty  is, 
that  their  weishts  do  difier,  and  by  exact  analysis  the  relations  between 
them  may  be  determined. 

It  is  but  justice  to  the  memory  of  the  late  Mr.  Higgins  of  Dublin,  to 
state  that  he  first  made  use  of  the  atomic  hypothesis  io  chemical  reasonings. 
In  his  **  Comparative  View  of  the  Phlogistic  and  Antiphlogistic  Theories," 
published  in  the  year  1789,  he  observes  (pages  36  and  37)  that  **  in  volatile 
vitriolic  acid,  a  single  ultimate  particle  of  sulphur  is  intimately  united  only 
to  a  sincrle  particle  of  dephlogisticated  air ;  and  that,  in  perfect  vitriolic  acio, 
every  smgle  particle  of  sulphur  is  united  to  two  of  dephlogisticated  air, 
being  the  quantity  necessary  to  saturation ;"  and  he  reasons  in  the  same 
way  concerning  the  constitution  of  water  and  the  compounds  of  nitrogen 
and  oxygen.  These  remarks  of  Mr.  Higgins  do  not  appear  to  have  had  the 
slightest  connexion  with  the  subsequent  views  of  Dr.  Dalton,  who  in  fact 
seems  to  have  i\ever  seen  the  work  of  Higgins  till  after  he  had  given  an  ac- 
count of  his  own  doctrine.  The  observations  of  Hig|;ins,  though  highly 
creditable  to  his  sagacity,  do  not  affect  Dalton*s  merit  as  an  original  ob- 
server. They  were  made,  moreover,  in  so  casual  a  manner,  as  not  only  not 
to  have  attracted  the  notice  of  his  contemporaries,  but  to  prove  that  Higgins 
himself  attached  no  particular  interest  to  them.  Dalton's  chief  merit  con. 
sists  in  having  formed  a  complete  theory  of  chemical  union,  and  in  the  dis. 
covery  of  an  essential  and  most  important  part  of  the  doctrine,  a  merit 
which  is  solely  and  indisputably  his;  but  in  which  be  would  have  been 
anticipated  by  Higgins,  had  that  chemist  perceived  the  importance  of  his 
own  opinions. 

To  the  student  who  may  desire  a  more  ample  account  of  the  doctrine  of 
atoms  than  the  nature  and  limits  of  this  volume  admit  of  being  given  here, 
I  may  recommend  a  small  work  by  Dr.  Daubeny  on  the  atomic  theory, 
which  in  other  respects  will  be  found  well  worthy  of  perusal.  The  advanced 
student  may  also  consult  Dr.  Prout*s  Bridgewater  Treatise,  where  he  will 
find  some  novel  speculations  on  the  agencies  which  give  rise  to  chemical 
union,  and  on  the  mode  in  which  the  combining  molecules  are  arranged ; 
speculations  which  may  well  open  a  path  to  important  views,  though  in 
their  present  fi}rm  they  will  scarcely  receive  the  general  assent  of  chemists. 


THEORY  OF  VOLUMEa 

Soon  after  the  publication  of  the  New  System  of  Chemical  Philosophy  in 
1808,  in  which  work  Dr.  Dalton  explained  his  views  of  the  atomic  constitution 
of  bodies,  a  paper  appeared  in  the  second  volume  of  the  Memoiree  d*AreueU 
by  M.  Gay.Lossac,  on  the  **  Combination  of  Gaseous  Substances  with  one 
another.**  He  there  proved  that  gases  unite  together  by  volume  in  very 
simple  and  definite  proportions.  In  the  combined  researches  of  himself  and 
Humboldt,  tliose  gentlemen  found  that  water  is  composed  precisely  of  100 
measures  of  oxygen  gas  and  200  measures  of  hydrogen ;  and  Gray-Lussac, 
being  struck  by  this  peculiarly  simple  proportion,  was  induced  to  examine 
the  combinations  of  other  gases,  with  the  view  of  ascertaining  if  any  thing 
similar  occurred  in  other  instances. 

The  first  compounds  which  he  examined  were  those  of  ammoniacal  gas 
with  hydrochloric,  carbonic,  and  fluoboric  acid  gases.  100  volumes  of  the 
alkali  were  found  to  combine  with  precisely  1^  volumes  of  hydrochloric 
acid  gas,- and  they  could  be  made  to  unite  in  no  other  ratio.    With  both  the 
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acids,  on  the  contrary,  two  distinct  combinations  were  ponriHa 


100  Fltioboric  acid  gas,  with  100  Ammoniacal  ns. 
100  do.  200  do. 

100  Carbooic  acid  gas  100  do. 

100  do.  200  do. 

Various  other  examples  were  quoted,  both  from  his  own  experiments  and 
from  those  of  others,  all  demonstrating  the  same  fact.  Thus  aromcmia  was 
feond  by  A.  Berthollet  to  consist  of  100  volames  of  nitrogen  ras  and  300 
volumes  of  hydrogen ;  sulphuric  acid  contains  100  volumes  of  sulphurous 
sdd  and  50  volumes  of  oxygen ;  and  carbonic  acid  is  formed  by  burning  a 
mixture  of  50  volumes  of  oxygen  and  100  volumes  of  carbonic  oxide. 

From  these  and  other  instances  Gay-Lussac  established  the  fact,  that 
gaseous  substances  unite  in  the  simple  ratio  of  1  to  1, 1  to  2, 1  to  3,  Slc; 
and  this  original  observation  has  been  confirmed  by  such  a  multiplicity  of 
experiments,  that  it  ma^  be  regarded  as  one  of  tlie  best  established  laws  in 
chemistry.  Nor  does  it  apply  to  gases  merely,  but  to  vapours  also.  For 
example,  hydrosulphuric,  sulphurous,  and  hydriodic  acid  gases  are  com- 
posed of 

600  voL  Hydrogen  gas  and  100  vol.  vapour  of  Sulphur. 
600         Oxygen  100  Sulphur. 

100         Hydrogen  100  .        lodme. 

Another  remarkable  fact  established  by  Gay-Lussac  in  the  same  essay  is, 
that  the  volumes  of  compound  gases  and  vapours  always  bear  a  very  simple 
ratio  to  the  volumes  of  their  elements.  This  will  appear  from  the  follow- 
ing table,  in  which  all  the  substances  are  supposed  to  be  in  the  gaseous 
sUie:— 

Volumei  of  resnitinf  Oosipoaiidi. 

ield       200  Ammonia. 
.      100  Water. 

100  Protoxide  of  nitrogen* 

600  Hydrosulphuric  aad. 
.      600  Sulphurous  acid. 
.      200  Hydrochloric  acid. 

200  Hydriodic  acid. 

200  Hydrobromic  acid. 
.     200  Hydrocyanic  acid. 

200  Binoxide  of  nitrogen. 


Volomes  of  Elemests. 


100  Nitrogen 
50  Oxygen 
SOOxyaen 
100  Sulphur 
100  Sulphur 
100  Chlorine 
100  Iodine 
100  Bromine 
100  Cyanogen 
100  Oxygen 


300  Hydrogen 
100  Hydrogen 
100  Nitrogen 
600  Hydrogen 
600  Oxygen 
100  Hydrogen 
100  Hydrogen 
100  Hydrogen 
100  Hydrogen 
100  Nitrogen 


The  law  of  multiples  (page  137)  is  equally  demonstrable  by  means  of 
oombininff  volumes  as  by  combining  weights.  The  annexed  tabular  view 
will  juatlTy  this  statement: — 


YolDiaet  of  Elements. 

100  Nitrogen 

+ 

50  Oxyiren       yi 

eld       Protoxide  of  nitrogen. 

100       da 

4~ 

100 

do:     . 

,      .      Binoxide  of  nitrogen. 

100       da 

150 

da 

Hyponitrous  acid. 

100       da 

200 

da 

Nitrous  scid. 

too      da 

"f" 

250 

da 

Nitric  acid. 

100  Hydrogen 

^ 

50 

da 

Water. 

100       da 

j_ 

100 

do.  ,     . 

Binoxide  of  hydrogen. 

100  Carbon  vapour 

• . 

50 

da 

Carbonic  oxide. 

100       da 

-- 

100 

da 

Carbonic  acid. 

It  thus  appears  that  the  laws  of  combination  may  equally  well  be  deduced 
from  the  volumes  as  from  the  weighto  of  the  combining  substances,  and 
that  the  composition  of  gaseous  bodies  may  be  expressed  as  well  by  mea^ 
t  weight.  In  the  subjoined  Uble  is  a  comparative  view  of  equivalent 
13 
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wdgliUi  mnd  VDlumai,  to  which  are  added  the  respective  cpedfic  grmtim  In 
reUtion  both  to  air  and  hydrogen:  the  facts  respecting  the  vapours  are 
drawn  from  an  important  essay  lately  published  by  Mitscherkicfa.  (An.  de 
Ch.  et  de  Ph.  Iv.  5.) 


Bpecillc  OraviUes. 

Chemical  Equivalents. 

GASK9  AND  YAPOUaS. 

Air  as  1. 

Hydrogen  ss  1. 

By  Vol. 

By  Weighl. 

Ifydrogen 

0.0689 

1.00 

100 

1.00 

Nitrogen 

0.9727 

14.12 

100 

14.15 

Chlorine 

2.4700 

35.84 

100 

35.42 

Carbon  (hypothetical)  . 

0.4215 

6.12 

100 

6.12 

Iodine       .... 

8.7020 

126.30 

100 

126.30 

Bromine 

5.4017 

78.40 

100 

78.40 

Water       .... 

0.6201 

9.00 

100 

9.00 

Alcohol 

1.6009 

23i24 

100 

23.24 

Sulphuric  ether 

2.5817 

37.48 

100 

37.48 

Light  carburetted  hydrogen 

0.5593 

8.12 

100 

6.12 

defiant  gas      . 

0.9808 

14.24 

100 

14i24 

Carbonic  oxide 

0.9727 

14.12 

100 

14.12 

Carbonic  acid   . 

1.5239 

22.12 

100 

22.12 

1.5239 

22.12 

100 

22.15 

Sulphurous  acid 

2.2117 

32.10 

100 

32.10 

Sulphuric  acid  (anhydrous) 

2.7629 

40.10 

100 

40.10 

Cyanogen 
Hydrosulphuric  acid 

1.8157 

26.36 

100 

26.39 

1.1782 

17.10 

100 

17.10 

Binoxide  of  nitrogen 

1.0375 

15.06 

200 

30.15 

Mercury 

6.9589 

101.00 

200 

202.00 

Ammonia 

0.5897 

8.56 

200 

17.15 

Hydrochloric  acid 

li2694 

18.42     • 

200 

36.42 

Hydriodic  acid 

4.3854 

63.65 

200 

127.30 

Hydrobromic  acid 

2.7353 

39.70 

200 

79.40 

Hydrocyanic  acid 

0.9423 

13.68 

200 

27.39 

2.7008 

39i20 

200 

78.40 

Sesquichloride  of  arsenic  . 

6.3025 

91.46 

200 

181.66 

Seaquiodide  of  arsenic  . 

15.6505 

227.15 

200 

454.30 

Protochloride  of  mercury . 

8.1939 

118.92 

200 

237.42 

Bichloride  of  mercury  . 

9.4289 

136.84 

200 

272.84 

Bromide  of  mercury 

9.6597 

140iK> 

200 

280.40 

Bibcomide  of  mercury  . 

12.3606 

179.40 

200 

35a80 

Biniodide  of  mercury 

15.6609 

227.30 

200 

454.60 

Oxygen 

1.1024 

16.00 

50 

8.00 

Arsenious  acid 

13.6972 

198.80 

50 

99.40 

4.3269 

62.80 

25 

15.70 

Arsenic    .... 

10.3901 

150.80 

25 

37.70 

Sulphur 

6.6558 

96.60 

16.66 

16.10 

5.3788 

78.06 

300 

234iH) 

The  obMrvations  which  more  immediately  flow  from  the  fiicts  in  the  pre- 

ceding  table  are  these : 

1.  The  combining  volumes  of  substances,  both  elementary  and  compound, 

!s^!?  !'  "^"'I'  ^"' ?*^  ^  ""»P'«  ''•^o  of  1  to  2, 1  to  3.  &C.    The  same 
•implicity  rarely  exists  among  the  equivalent  weights. 
-<.  Un  comparing  together  the  third  and  fiOh  columns,  the  corresponding 
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mimben  for  the  18  fint  snliitanoea  will  be  found  nearly  or  quite  identicaL 
As  tJiote  substances  have  the  same  unitiug  volume  as  hydrogen,  which  Is  tlie 
assomed  unit  of  comparison,  and  as  the  specific  gravities  are  merely  the 
weights  of  equal  volumes,  the  numbers  of  the  third  column,  were  they  quite 
exact,  most  coincide  with  those  in  the  fifth :  their  want  of  identity  indicates 
errors  of  observation. 

3.  The  identity  in  the  equivalent  volumes  of  the  elementary  gases,  hydro- 
gen, nitrogen,  and  chlorine,  led  to  the  notion  that  the  equivalent  volumes  of 
most  other  elements,  such  as  carbon,  sulphur,  and  phosphorus,  might  also  be 
identical.     Assuming  that  identity,  the  specific  gravity  which  those  elements 
ooffat  to  have  when  gaseous,  may  easily  bo  calcinated.    Thus,  taking  1,  6.12, 
and  16.1  as  the  e<|uivalentB  of  hydrogen,  carbon,  and  sulphur,  then  will  their 
specific  gravities  m  the  gaseous  state,  combining  volumes  bein?  supposed  . 
equal,  be  in  the  ratio  of  1,  6.12,  and  16.1.    This  method,  by  which  the  hypo- 
thietical  specific  gravity  of  carbon,  as  stated  in  the  table,  was  obtained,  was 
first  indicated  by  Dr.  rront.    (An.  of  Phil.  vL  321.)    But  though  such  hypo- 
thetical numbers  may  sometimes  be  used  for  the  convenience  of  expressing 
the  relation  of  uniting  substances  by  measure,  recent  fiicts  show  how  dan- 
gerous it  would  be  to  confide  in  them ;  for  by  the  table  it  appears  that  the 
equivalent  volume  of  sulphur  vapour  is  one-sixth  of  that  of  hydrogen,  which 
renders  the  specific  gravity  of  the  vapour  of  sulphur  six  times  greater  than 
the  hypothetical  number.    Similar  deviation  is  observable  in  phosphorus, 
azBcadc,  and  mercury.    In  these  cases,  the  real  specific  gravity  of  a  vapour 
is  as  much  greater  than  the  hypothetical,  as  its  equivalent  volume  is  less  than 
that  of  hydrogen. 
^  4.  The  identitv  in  the  equivalent  volumes  of  hydrogen,  nitrogen,  and  chlo- 
rine, suggested  the  idea  that  the  atoms  or  indivisible  molecules  of  all  the  ele- 
ments are  of  the  same  magnitude ;  and  this  coupled  with  the  supposition 
that  the  selflrepulsive  energy  of  these  atoms  is  equal,  led  to  the  opinion  that 
equal  volumes  of  the  elements  in  the  gaseous  state  must  contain  an  eqnai 
number  of  atoms.    This  hypothesis,  recommended  by  its  simplicity,  and  sup- 
ported by  the  fiict  that  the  volumes  of  gaseous  substances  vary  according  to 
the  same  law  by  varying  temperature  and  pressure,  was  accordingly  em- 
ployed as  a  mode  of  determining  the  relative  weisrhts  of  atoms.    As  water 
consists  of  50  measures  of  oxygen  and  100  of  hydrogen  gras,  it  was  inferred 
to  be  a  compound  of  one  atom  of  oxygen  and  two  atoms  of  hydrogen ;  and 
Gonsequentlv,  taking  8  as  the  wei?bt  of  an  atom  of  oxygen,  the  weight  of 
one  atom  of  hydrogen  is  }  instead  of  1,  as  in  the  table ;  or  taking  hydrogen 
as  1,  the  atom  of  oxygen  is  16.    On  the  same  principle  may  the  numbers   . 
which  in  the  table  represent  the  equivalent  weights  of  chlorine,  bromine, 
iodine,  and  nitrogen,  which  have  the  same  equivalent  volumes  as  hydrogen, 
be  considered  as  the  weights  of  two.  equivalents.    The  equivalents  adopted 
by  Davy  in  his  Elements  of  Chemical  Philosophjr,  as  well  as  those  of  Ber- 
zelius,  which  are  now  in  general  use  on  the  Continent,  were  framed  in  ac- 
cordance with  these  views :  this  the  British  chemist  requires  to  bear  in  mind, 
since  the  same  numbers  which  Berzclius  uses  for^  equivalents  of  hydrogen, 
nitrogen,  chlorine,  bromine,  and  iodine,  he  considers  as  one  equivalent    But 
the  opinion  of  Davy  and  Berzelius  roust  now  either  be  abandoned,  or  main- 
tained on  other  principles ;  since  the  late  researches  of  Dumaa  and  Mitscher- 
lich  have  shown  experimentally  that  equal  volumes  of  the  elementary  gases 
and  vapours  do  not  contain  the  same  number  of  atoms. 

5.  ITie  facts  contained  in  the  last  and  preceding  tables  supply  materials 
for  calculating  the  sp.  gravity  of  compound  gases,  by  which  means  the  ac 
curacy  of  other  conclusions  respecting  their  composition  may  be  verified. 
Thus  analysis  proves  that  ammoniacal  gas  is  composed  of  lOiO  volumes  of 
nitrogen,  and  300  of  hydrogen  gases,  condensed  into  the  space  of  200  voU 
umes:  if  so,  its  sp.  gravity  will  be 

0.9727-f3x0.0689_1.1794_fl  j>ftQ7^ 
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The  near  a|;reement  of  this  calculated  number  with  that  found  by  weighing 
the  gas  itself,  proves  that  ammonia  lias  really  the  constitution  above  assi^ed 
to  it,  and  gives  great  probability  that  the  sp.  gravity  of  nitrogen  and  hydrogen 
gases  is  nearly  correct. 

Again,  hydrochloric  acid  gas  consists  of  100  volumes  of  hydrogen  and  100 
of  chlorine  gases,  united  without  any  change  of  bulk.  Hence  its  sp.  gravity 
ought  to  be 

2.47+0.0689_^^e3^ 

Hydrocyanic  acid  vapour  is  formed  of  100  volumes  of  hydrogen  and  100 
6f  cyanogen  gases  united  without  change  of  volume ;  and,  therefore,  its  sp. 
gravity  should  be 

1^8157+0^06^^^423 
2 

Considering  defiant  gas  as  a  compound  of  200  volumes  of  hydrogen  gas 
and  200  of  the  vapour  of  carbon  condensed  into  100,  its  sp.  gravity  will  be 
2x  0.06894-2X  0.4215=0.1378+0.8430=0.9808. 

Aqueous  vapour  is  composed  of  100  volumes  of  hydrogen  and  50  of  oxy- 
gen gases  condensed  into  the  space  of  100  vdumes ;  and,  therefore,  its  Bpm 
gravity  ought  to  be  0.0689+0.5512  (half  the  sp.  gr.  of  oxygen)  =0.6201. 

Protoxide  of  nitrogen  is  formed  of  100  volumes  of  nitrogen  and  56  of  oxy- 

gcn  gases  condensed  into  100  volumes,  and  hence  its  sp.  gravity  should  be 
.9727+0.5512=  1.5239. 

Assuming  carbonic  oxide  to  be  a  compound  of  100  volumes  of  carbon  va- 
pour  and  50  of  oxygen  gas  contracted  in  uniting  into  100  volumes,  its  sp. 
gravity  should  be  0.4215+0.5512=0.9727. 

4s  the  different  sp.  gravities  thus  calculated  are  very  nearly  those  ibond 
by  direct  experiment,  there  is  a  strong  presumption  that  the  elements  of  the 
calculations  are  correct 

The  principle  of  these  calculations  is  sufficiently  obvious.  The  sp^gra- 
vities  represent  the  weights  of  equal  volumes  of  the  gases :  taking  100  as 
the  standard  volume  of  which  the  sp.  gravity  of  each  gus  denotes  the  weight, 
then  50  volumes  of  a  gas  may  be  indicated  byhalf,  25  volumes  by  a  fourth, 
and  16.66  by  a  sixth  of  its  specific  gravity.  Thus  hydrosulphoric  acid  is  e 
compound  of  100  volumes  of  hydrogen  gas,  and  16.66  (^)  o^  ^^  vapour 
of  sulphur,  condensed  into  100  volumes,  and«  therefore,  its  sp.  gravity  is 

0.0689+5:5552=  0.0689+1.1093=1.1782. 

Sulphurous  acid  consists  of  100  volumes  of  oxygen  gas  and  16.66  of  the  va. 
pour  uf  sulphur  condensed  into  100  volumes;  and  hence  its  sp.  gravity  is 

1.1024+5:5552    1.1024+1.1093=2iill7. 

In  thesQ  two  gases  the  volume  is  the  same  as  the  hydrogen  or  oxygen  whicb 
they  contain,  and,  therefore,  their  sp.  gravities  are  the  sum  of  the  sp.  gra- 
vities of  their  elements.  The  same  applies  to  water,  protoxide  of  nitrogen, 
and  carbonic  oxide.  In  defiant  gas  400  volumes  are  condensed  into  100,  and, 
therefore,  its  sp.  gravity  is  the  sum  of  tlie  sp.  gravities  of  its  elements.  Hy- 
drochloric acid  gas  occupies  the  same  space  as  iU  elements,  and,  therefore, 
lU  sp.  gravity  is  found  by  taking  the  mean  of  their  sp.  gravities.  The  same 
'^'"'^oAa'^^^^*®*  ^**  hydrocyanic  acid.  In  ammonia  400  volumes  are  condensed 
into  200,  and,  therefore,  the  sum  of  the  sp.  gravities  is  halved,* 


♦The  statements  in  this  paragraph  are  rather  loosely  expressed.     We  may, 
as  A>r,  Turner  remarks  in  a  preceding  paragraph^  assume  the  specific  gravity 


IJLW8  O?  COHBIRATIOK.  149 

As  Tipoon  are  euSiy  condensed  by  cold,  and  in  many  cases  exist  as  such 
only  at  higli  tennperatures,  their  sp.  gravities  may  ofien  be  obtained  by  cal* 
eolation  more  accurately  .than  by  experiment  Thus  it  is  easier  accurately 
to  ascertain  the  sp.  ^avity  of  hydroeen  and  hydrosulphuric  acid  gases 
than  of  the  vapour  of  sulphur ;  and,  therefore,  as  soon  as  experiment  has 
shown  that  the  sp.  gravity  of  that  vapour  is  Mmewhere  about  6.6558,  then  the 
precise  namber  may  be  calculated.  For  as  100  volumes  of  hydrosulphuric 
add  gas  contain  100  of  hydrogen  gas,  the  sp.  gravity  of  the  latter  deducted 
from  that  of  the  former  (1.1782—0.0689,)  gives  1.1093  as  the  weight  of  com. 
Uned  sulphur.  If  the  equivalent  volume  of  sulphur  were  100,  then  must 
1.1093  be  its  sp.  gravity ;  but  as  the  number  found  experimentally  is  nearly 
six  times  1.1093,  the  inference  is  that  the  real  sp.  gravity  is  6  X  1.1093 = 6.6558, 
and  that  its  equivalent  volume  is  six  times  less  Uian  100,  or  16-66.  The  only 
assumption  here  is,  that  if  the  equivalent  volume  of  the  vapour  is  not  100,  it 
most  he  some  multiple  or  submultiple  of  it  by  a  whole  number,  consistently 

of  the  different  gases  to  be  the  weight  of  some  standard  volume  of  each  of 
them,  as  for  example  100  volumes ;  and,  on  this  assumption,  it  will  follow 
that  on  ascertaining  the  weight  of  100  volumes  of  any  gas,  we  shall  have  its 
specific  gravity.  The  general  formula  applicable  to  these  cailculations,  there- 
fore, is  to  deduce  fix>m  the  known  speci^c  gravities  of  certain  |[ases,  from 
the  proportion  in  which  they  unite  in  volume,  and  from  the  resulting  volume, 
the  weight  of  100  volumes  of  the  compound  gas  which  may  be  formed ;  for 
if  the  known  sp.  gr.  in  all  cases  be  assumed  to'represent  the  weight  of  100 
▼olnmes,  reciprocally  the  weight  o£  100  volumes,  when  ascertained,  will  re- 
piresent  the  sp.  gr.  In  ascertaining  then  the  weight  of  100  volumes  of  a  com- 
pooad  gas,  the  first  step  b  to  add  to^rether  the  weights  of  the  known  volumes  of 
its  constituents;  these  weights  being  deduced  from  the  assumption  that  the 
weight  of  every  100  volumes  of  each  constituent  is  represented  by  its  specific 
gravitv.  The  sum  thus  obtained  will  be  the  weight  of  the  resulting  volume, 
and,  if  this  happen  to  be  100  volumes,  the  answer  is  furnished  at  once.  But 
if  the  resulting  volume  should  not  be  100  volumes,  then,  by  the  rule  of  pro- 
portion, the  weight  of  100  volumes  of  the  compound  gas  is  to  be  ascertained 
thns :  if  the  known  number  of  volumes  in  the  resulting  volume  weigh  the  sum 
obtained  as  above  mentioned,'  what  will  100  volumes  weigh  7  The  weight  of 
100  volumes  thus  ascertained  necessarily  represents  the  specific  gravity.  The 
simplest  ease  under  the  rule  is  when  100  volumes,  respectivelv,  of  the  con- 
stituents of  a  compound  gas  are  condensed  into  100  volumes;  for  here  the  sp. 
gravities  of  the  constituent  gases  represent  at  once  the  entire  volume  of  each 
oonstituent  entering  into  combination ;  and  their  sum  gives  the  sp.  gr.  of  the 
compound ;  because  it  represents  the  weight  of  100  volumes. ,  An  instance  of 
this  simplest  case  is  aflbrded  by  carbonic  acid,  in  which  100  volumes  of  car- 
bon vapour  and  100  volumes  of  oxygen  are  condensed  into  100  volumes. 
Here  it  is  only  necessary  to  add  together  0.4215  (sp.  gr,  of  carb.  vap.)  and 
1J034  (sp^  gr.  of  oxygen,)  and  the  sum,  1.5239,  is  the  sp.  gr.  of  carbonic  add. 
It  is  only  in  this  simplest  case  that  the  sp.  gr.  of  a  compound  gas  b  the  sum 
of  the  sp.  gravities  of  its  constituents.  Dr.  Turner  is  inaccurate,  therefore, 
when  he  states  that  hydrosulphuric  and  sulphurous  acid  gases  furnish  cases 
in  which  their  sp.  gravities  are  the  sum  of  the  sp.  gravities  of  their  elements: 
for  though,  in  the  instances  of  these  two  gases,  the  sp.  gravities  of  the  hydro, 
gen  and  oxygen  may  be  taken,  since  these  elements  are  present  in  the  amount 
of  100  volumes ;  yet  the  sp.  cr.  of  the  sulphur  vapour  cannot  be  taken,  as 
it  is  not  the  weight  of  100  volumes  of  this  vapour  which  is  required,  but  the 
weight  of  one-sixth  of  100  volumes.  Dr.  Turner's  inaccuracy  consists  in 
this,  that  he  calls  the  weight  of  the  given  number  of  volumes  of  each  consti. 
tuent  gas,  its  sp.  gr. ;  whereas  such  weight  is  to  be  assumed  to  be  the  sp.  gr^ 
only  in  case  it  is  the  wei^rht  of  100  volumes.  Thus,  in  the  case  of  defiant 
gas,  dted  by  Dr.  Turner,  its  sp.  gr.  is  not  llie  sum  of  the  sp.  gravities  of  its 
elements,  but  the  sum  of  double  Uie  sp.  gr.  of  its  elemenU*— JSd, 
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with  the  theory  of  volume*.  In  the  construction  of  the  preoedinff  table  I 
have  given  the  ip.  gravities  of  vapours  calculated  on  these  principles  rather 
han  the  precise  numbers  given  by  experiment 

CHEMICAL  SYMBOLS. 

The  impracticability  in  many  cases  of  contriving  convenient  names  ex- 
pressive of  the  constitution  of  chemical  compounds,  especially  of  minerals, 
suggested  the  employment  of  symbols  as  an  abbreviated  mode  of  denoting 
the  composition  of  bodies.  It  was  thought  that  the  names  of  elementary 
substances,  instead  of  being  written  at  full  length,  might  often  be  more  con- 
veniently indicated  by  the  first  letter  of  their  names ;  and  that  the  combina^ 
tion  of  elements  with  each  other  might  be  expressed  by  placing  together,  in 
some  way  to  be  a^j^reed  on,  the  letters  which  represent  them.  Tiie  advantage 
of  such  a  symbolic  language  was  felt  so  strongly  by  Berzelius,  that  he  some 
years  ago  contrived  a  set  of  symbols,  which  he  has  since  used  extensively  in 
bis  writings;  and  other  eminent  chemists  as  well  as  mineralogists,  believing 
symbols  to  be  useful,  adopted  those  which  Berzelius  had  proposed.  The  con- 
sequence is,  that  symbolic  expressions,  called  chemical  formuUt,  are  now  so 
much  resorted  to,  and  are  so  identified  with  the  language  of  chemistry,  that 
essays  of  great  value  are  in  a  measure  as  sealed  books  to  those  who  cannot 
read  syml^ls.  It  is,  therefore,  important  that  the  chemical  student,  whatever 
he  may  think  of  the  value  of  symbol^,  should  not  be  unacquainted  with  them. 
Fortunately,  the  labour  of  a  few  minutes  will  enable  him  to  understand  the 
subject  The  following  table  includes  the  symbols  of  all  the  elementary  sub- 
stances  according  to  Berzelius. 
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Elements 

9yinb. 

Elements. 

9ymh. 
Au 

Elements. 

ByrnKJ 

Aluminium 

Al 

Gold  (Aurum) 

Potassium(KaliQm) 

I 
K 

Aiftimony(Stibium: 

Sb 

Hydrogen 

H 

Rhodium 

R 

Arsenic 

As 

Iodine 

I 

Selenium 

Se 

Barium, 

Ba 

Iridium 

Ir 

Silicium 

Si 

Bismuth   . 

Bi 

Iron  (ferrum) 

Fe 

Silver  (Argentnm) 
Sodium  (Natrium) 

Ag 

Boron  . 

B 

Lead  Plumbum) 

Pb 

nS 

Bromine  . 

Br 

Lithium    . 

L 

Strontium 

Sr 

Cadmium 

Cd 

Magnesium  . 

Mg 

Sulphur 

S 

Calcium   . 

Ca 

Manganese 

Mn 

Tellurium 

Te 

Carbon 

C 

Mercury  (Hydrar- 

Thorium 

Th 

Cerium 

Ce 

gyrum)      . 
Molybdenum 
Nickel 

Hg 

Tin  (Stannnm)      . 

Sn 

Chlorine 

CI 

Mo 

TiUnium 

Ti 

Chromium 

Cr 

Ni 

Tungsten      (Wol- 

Cobalt 

Co 

Nitrogen  . 

N 

fram) 

W 

Coiumbhim    (Tan- 

Osmium 

Os 

Vanadium 

V 

talum)  . 

Ta 

Oxygen    . 

O 

Uranium 

u 

Copper  (Cnpmm) 

Cu 

Palladium     . 

Pd 

Yttrium   . 

Y 

Fluorine    . 

F 

Phosphorus 

P 

Zinc    . 

Zn 

Glucinium 

G 

Platinum       . 

PI 

Zirconium 

Zr. 

For  the  sake  of  uniformity,  and  to  prevent  confusion,  it  is  much  to  be 
wished  that  these  symbols,  being  now  generally  known,  should  be  rigorously 
adhered  to.  Berzelius  has  properly  selected  them  from  Latin  names,  as 
being  known  to  all  civilized  nations ;  and  when  the  names  of  two  or  more 
elements  begin  with  the  same  letter,  the  distinction  is  made  by  means  of  an 
additional  letter. 
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The  fi>reg^oing  symbols  are  intended  to  represent  the  chemical  equivalents 
of  the  elements.     Thus,  the  letters  H,  I,  and'  Ba,  stand  for  one  equivalent  of 
hydrogen,  iodine,  and  barium  ;  and  2H,  3H,  and  4H,  for  2,  3,  and  4  equiva- 
lents of  hydrogen.     Two  equivalents  of  an  element  are  often  denoted  by 
piaciog  a  dash  through  or  under  its  symbol :  for  instance,  H  or  H  means  2H, 
and  P  or  P  signifies  2P.    Certain   compounds  are  oflcn,  for  the  sake   of 
brevity,  denoted  by  single  symbols  in  the  some  manner  as  the  elements ; 
thus  an  equivalent  of  water,  ammonia,  and  cyanogen,  is  sometimes  expressed 
by  Aq,  Am,  and  Cy ;  but  in  general  the  formulie  for  compound  bodies  are 
80  contrived  as  to  indicate  the  elements  they  contain,  and  tlie  mode  in  which 
they  are  united.    This  may  be  done  in  several  ways ;  but  that  which  first 
suggests  itself,  is  to  connect  together  the  symbols  by  the  same  signs  as  are 
used  in   Algebra.    Thus   the   formula   K-f  O,  C«-f-0,   Ba+O,   Mn+O, 
Fe+0,  2Fe+30,  BH+N,  2H+2C,  C+20,  N+50,  S+SO,  and  H+Cl, 
denote  single  equivalents  of  potassa,  lime,  baryta,  protoxide  of  manganese, 
protoxide  of  iron,  peroxide  of  iron,  ammonia,  defiant  gas,  carbonic  acid, 
nitric  acid,  sulphuric  acid,  and  hydrochloric  acid.    The  formula  K-4-N-4-60 
indicates  the  elements  which  are  contained  in  an  equivalent  of  nitrate  of 
potassa :  in  order  to  express  further  that  the  potassium  is  combined  with 
only  one  equivalent  of  oxygen,  the  remaining  oxygen  with  the  nitrogen,  afid 
the  potassa  with  nitric  acid,  the  symbols  are   placed   thus,— -(K4-0)-|- 
(N-t-50),  the  brackets  containing  the  symbols  of  those  elements  which  are 
supposed  to  be  united.    A  numter  placed  on  the  outside  of  a  bracket  mul- 
tiplies the  compound   within  it:   thus   (K+0)-f-(S-f-30)   is  sulphate   of 
pousaa,  and  (K-l-0)-f-2(S-(-30)  is  the  bisulphate.    All  the  elements  con- 
tained in  a  compound  are  thus  visibly  represented,  and  the  chemist  is  able 
resdiiy  to  trace  all  possible  modes  of  combination,  and  to  select  that  which 
is  raoet  in  harmony  with  the  facts  and  principles  of  his  science.    He  may, 
and  oflen  does,  thereby  detect  relations  which  might  otherwise  have  escaped 
notice. 

Another  advantage  attributable  to  such  formulas  is,  that  they  facilitate 
the  comprehension  of  chemical  changes.  If  hydrosulphuric  acid  acts  upon 
the  protoxide  of  lead,  it  is  easy  to  say  that  the  sulphur  combines  with  the 
lead  and  the  hydrogen  with  the  oxygen ;  but  the  exact  adaptation  of  the 
quantities  fbr  mutual  interchange  appears  to  me  more  clearly  shown  by 
symbols  than  by  a  description  or  a  diagram,  both  of  which  are  apt  to  pro- 
mice  confusion  where  the  change  to  be  explained  is  complex.  In  the  simple 
instance  alluded  to,  H+S  reacts  on  Pb-fO,  and  the  products  are  Pb+S 
and  H-4-0.  When  hydrosulphuric  acid  acts  on  bicyanuret  of  mercury,  the 
rcsuU  is  bisulphuret  of  mercury  and  hydrocyanic  acid :  the  substances 
which  interchange  elements  are  2(H-f-S)  and  Hg-{-2Cy;  and  the  products 
are  Hg-|-2S,  and  2(H4-Cy.)  In  more  complicated  changes  the  advantage 
of  chemical  fbrmole  is  still  more  manifest,  examples  of  which  kind  will  be 
found  in  the  section  on  cyanogen,  and  in  other  parts  of  this  volume 

Useful  as  the  algebraic  chemical  formulas  are  for  tlie  purpose  of  studying 
chemical  changes,  they  are  sometimes  found  inconveniently  long  where  the 
object  is  merely  to  express  the  composition  of  bodies,  and  accordingly 
fierzelius  has  introduced  several  abbreviations.    For  instance,  he  indicates 

degrees  of  oxidation  by  dots  placed  over  the  symbol,  writing  K,  C,  N, 
instead  of  K-f-O,  C-|-20,  N-4-50,  ior  potassa,  carbonic  acid,  and  nitric  acid. 
In  like  manner  he   denotes  compounds  of  sulphur  by  commas,   writing 

K,  Hg,  H  instead  of  K+S,  Hg+2S,  H+S,  for  sulpTiurct  of  potassium, 
bisulphuret  of  mercury,  and  hydrosulphuric  acid.  When  the  ratio  is  that 
of  2  to  3  he  employs  the  symbol  for  two  equivalenU  above  stated;   thus, 

fe,  P;  Ai  is  nsed  instead  of  2Fe+30,  SP+SO,  8As+50,  for  an  equivalent 
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of  peroxide  of  iron,  phoephorie  acid,  add  areenic  acid ;  asd  nmilaily  w« 

have  Km^  As  instead  of  ^Aa-f-SS,  2Aa-4-5S  for  the  sesquisiilpharet  and  per- 
■uiphuret  of  arsenic  These  last  formuliB  are  sometimes  osed  to  indicate 
two  equivalents  instead  of  one,  as  was  done  in  the  last  edition  of  theae 
elements ;  hut  as,  agreeahly  to  the  atomic  theory,  the  smallest  poesihie  inole. 
cule  of  peroxide  of  iron  consists  of  2  atoms  of  iron  and  3  of  oxygen,  the 
^rmula  3Fe+dO  ou^ht  to  stand  for  one  equivalent  only. 

Berzelitts  often  dispenses  with  the  si^n  +•  an<i  writes  combined  elements 
side  by  side,  the  sign  of  addition  being  understood  instead  of  expressed. 

Thus  he  uses  KS,  CaC,  BaN,  KB+NiS,  instead  of  K+S,  Ca+C,  Ba+N, 

(k+S)4-(Ni+S),  for  sulphate  of  potassa,  carbonate  of  lime,  nitrate  of 
baryta,  and  the  double  sulphate  of  potassa  and  oxide  of  nickel.  Two  or 
more  equivalents  of  one  constituent  of  a  compound  are  denoted  by  numbers 
placed  in  the  same  position  as  the  indices  of  powers  in  algebra:  thus  NH*, 

NC«,  fe»  Ha  is  the  abbreviation  of  N+3H,  N+2C,  2FB-f-3H,  for  ammonia, 
cyanogen,  and  sesquihydrate  of  iron,  a  compound  of  2  equivalents  of 
peroxide  of  iron  and  3  of  water.  A  number  used  before  symbols,  like 
ooefBcients  in  algebra,  multiplies  all  the  following  symbob  not  separated 

fh>m  it  by  a  4-  sign.  Thus  in  8CaSi>+KSi8+16  Aq  (which  is  the 
formula  for  the  mineral  called  apophyllite),  the  8  denotes  8  equivalents  of 

Ca  Si«,  or  tersilicate  of  lime,  which  are  united  with  1  equivalent  of 
scxsilicate  of  potassa,  and  16  of  water. 

Berxelios  also  expresses  the  vegetable  and^imal  acids  by  the  first  letter 
of  their  name,  with  a  dash  over  it  Thus  T,  A,  C,  B,  G,  F,  lire  the  sym- 
bols  for  tartaric,  acetic  citric,  benzoic,  gallic,  and  formic  acids. 

ISOMERIC  BODIES. 

It  was  formerly  thought  that  the  same  elements  united  in  the  same  ratio 
roust  always  give  rise  to  the  same  compound ;  but  within  these  fow  years 
several  examples  have  been  discovered  of  two  or  even  more  substances  con- 
taining the  same  elements  in  the  same  ratio,  and  yet  exhibiting  chemical 
properties  distinct  from  each  other.  For  such  compounds  Berzellus  hss 
suggested  the  general  appellation  of  tsommc,  from  ta-6c  equal  and  /uiif  ot  part, 
expressive  of  equality  in  the  ingredients.  Interesting  instances  of  this  kind 
are  the  two  cyanic  acids,  which  consist  of  cyanogen  and  oxygen  in  the 
same  ratio,  and  have  the  same  equivalent,  yet  difibr  widely  in  their  chemical 
properties;  and  a  similar  example  is  afforded  by  the  tartartic  and  para- 
tartaric  acids.  Berzelins  proposed  to  prefix  para  in  this  instance,  from 
iTdtgdt  near  to,  as  indicative  of  the  dose  alliance  between  tlie  two  compounds, 
a  principle  of  nomenclature  which  will  probably  be  found  applicable  on 
other  occasions. 

Unexpected  as  was  the  discoveiy  of  isomerism,  it  is  quite  consistent  witli 
our  theories  of  chemical  union ;  insomuch  as  the  same  elements  may  be 
grouped  or  combined  in  different  ways,  and  thereby  give  rise  to  compounds 
essentially  distinct.  Thus  the  elements  of  sulphate  of  potassa  may  per. 
haps  be  united  indiscriminately  with  each  other,  as  expressed  by  the  formula 
KSO*;  orihey  may  form  KO+SOs;  or  KS+0»;  or  KOa+SO«;  and 
other  combinations  might  be  made.  The  second  of  these  is  doubtless  the 
real  one ;  but  no  one  can  say  that  the  others  are  impracticable.  Aj^ain,  the 
elements  of  peroxide  of  tin,  Sn  and  SO,  may  either  form  SnO',  or  ^O-f-O; 
and  those  of  the  peroxide  of  iron,  3Fe  and  30,  may  either  be  Fe'Os,  or 
FeO4-FeO0,  not  to  mention  other  possible  combinations.    The  elements  of 
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alcohol  ire  2C^  3ff ,  and  O,  which  may  be  united  indiicriininately  aa 
HsCiO,  or  H»C«+0,  or  as  H«C*4-HO,  besides  olliers:  it  is  commonly 
ooDsidered  a  compound  of  olefiant  gas  and  watery  is  indicated  by  the  last 
ibrmula. 

Some  bodies  consist  of  the  same  elements  in  the  same  ratio,  and  yet  difl 
fer  in  their  equivalents.  A  marked  example  is  supplied  by  olefiant  gas  and 
etberine,  the  Ibroier  of  which  contains  200  T<dumes  of  carbon  ?apomr  and 
900  of  hydrogen  gas  condensed  into  100  volumes,  and  the  latter,  400  to- 
lumes  of  carbon  vapour  and  400  of  hydrogen  gas,  united  so  as  to  yield  100 
volumes  of  etberine.  The  equiralent  of  olefiant  gas  is  14J24,  and  that  of 
etherine  28.48,  or  exactly  double.  A  similar  case  will  be  found  in  the  de. 
scription  of  cyanuric  acid.  The  nature  of  these  compounds  is  at  once  de^ 
tected  by  their  equivalents  being  unlike,  and  t^  the  volume  which  they 
ooGupy  as  gases  compared  with  the  volumes  of  the  elements  of  which  they 
consist  Isomeric  bodies  of  this  kind  are  obviously  much  less  intimate^ 
allied  than  those  above  described. 


SECTION  III. 

OXYGEN. 

OzTOKN  gas  was  discovered  by  Priestley  in  177^  and  by  Sdieeltf  a  yetf  ot 

two  after,  without  previous  knowledge  of  Priestley's  discovery.  Several  apt 
peUations  have  been  given  to  it.  Priestley  named  it  depkloguiwaied  mir; 
It  was  called  empyreal  air  by  Scheele,  and  tntal  mir  by  Condo#eet.  The 
name  it  now  bears,  derived  from  the  Greek  words  •(99-  acid  and  y§t9ur  to 
generate^  was  proposed  by  Lavoisier,  who  considered  it  the  wM  oouM  of 
acidity. 

Oxygen  gas  may  be  obtained  from  several  sources.  Tba  p0rc«ides  of 
manganese,  lead,  and  mercury,  nitre,  and  chlorate  of  potassa,  ySiM  it  in 
large  quantities  when  they  are  exposed  to  a  red  heat.  The  sebstanees  eoiti* 
monly  employed  for  the  purpose  are  peroxide  of  manganese  snd  eblorate  of 
potassa.  It  may  be  procured  from  the  ibriner  in  two  ways ;  either  by  heat- 
mg  it  to  redness  in  a  gun-barrel,  or  in  a  retort  o?  iron  or  earthenware ;  or 
by  putting  it  in  fine  powder  into  a  flask  with  about  ai^  equal  weight  ef  con- 
centrated sulphuric  acid,  and  heating  the  mixture  by  means  of  a  lamp.  To 
understand  the  theory  of  these  processes,  it  is  necessary  to  bear  in  mind  the 
composition  of  the  three  following  oxicies  of  manganese  :—> 

Manganese.  Oxygen. 

Fr6to7d6o        .        27.7  or  1  equiv.  +    8        .        =35.7 
Sesquioxide     .        27.7  .  +  12         .        ^39.7 

Peroxide  27.7         .  +  16        .        «43.7 

On  applying  a  red  heat  to  the  last,  it  parts  with  half  an  equivalent  of 
oxygen,  and  is  converted  into  the  sesquioxide.  Every  43.7  grains  of  the  per- 
oxide will,  therefore,  lose,  if  quite  pure,  4  grains  of  oxygen,  or  nearly  12 
cubic  inches ;  and  one  ounce  wiU  yield  about  128  cubic  inches  of  gas.  The 
action  of  sulphuric  acid  is  different.  The  peroxide  loses  a  whole  equivalent 
of  oxygen,  and  is  converted  into  the  protoxide,  which  unites  with  the  aeid, 
forming  a  sulphate  of  the  protoxide  of  manganese.  Every  43.7  grains  <^ 
peroxide  must  consequently  yield  8  grains  of  oxygen  and  35w7  of  protoxide, 
which  by  uniting  with  one  equivalent  (40)  of  tlie  acid,  forms  75.7  of  the  sul- 
phate.   The  first  of  these  processes  is  the  most  convenient  in  practice. 

The  gas  obtained  from  peroxide  of  manganese,  though  hardly  ever  quhe 
pure,  owing  to  the  presence  of  iron,  carbonate  of  lime,  and  t»ther  earthy  sub- 
stances,  is  sufficiently  good  for  ordinary  purposes.    It  yields  a  gas  of  bettor 
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quality,  if  preriondy  freed  from  carbonate  of  lime  by  dilute  hydrochloric  or 
nitric  aeia  ;  but  when  oxygen  of  great  purity  ia  required,  it  ia  better  to  ob- 
tain it  from  chlorate  of  p^aaa.  For  tbia  purpoae,  the  aalt  ahould  be  pot 
into  a  retort  of  green  glaaa,  or  of  white  glaaa  made  without  lead,  and  be 
heated  nearly  to  redneaa.  It  firat  beoomea  liquid,  though  quite  free  from  wa- 
ter, and  then,  on  increaae  of  heat,  ia  wholly  reaol7ed  into  pure  oxygen  gmai, 
wfaioh  eacapea  with  efferveacence,  and  into  a  white  compound,  called  chloride 
of  potaaaium,  which  is  left  in  the  retort  The  compoaition  of  the  chloric 
acid  and  potaaaa  which  conatitute  the  aalt,  ia  atated  below ; — 

Chlorine  35.42  or  1  eq.  Potaaaium     .     39.15  or  1  eq. 

Oxygen       .40      or  5  eq.  Oxygen  8      or  1  eq. 

Chloric  add     75.42  or  1  eq.  Potaaaa  47.15  or  I  eq. 

Hence  the  oxygen  which  paaaea  over  from  the  retort,  ia  derived  partly 
from  the  potaaaa  and  partly  from  the  chloric  acid ;  while  chlorine  and  potas- 
aium  enter  into  combination.  Thua  are  122.57  graina  of  the  chlorate  reeoly- 
ed  into  7457  graina  of  chloride  of  potaaaium,  and  48  graina,  or  about  161 
cubic  incbea,  of  pure  oxygen. 

Oxjgen  gaa  ia  colourleaa,  baa  neither  taate  nor  amell,  ia  not  chemically  af. 
ftcted  by  the  imponderablea,  refracta  light  very  feebly,  and  ia  a  non-con- 
duetor  of  electricity.  It  ia  the  mort  perf^  negative  electric  that  we  poaacaa, 
alwaya  appearing  at  the  poaitive  pole  when  any  compound  which  cmitains 
it  ia  expoaed  to  the  action  of  galvaniam. .  It  emita  light,  aa  well  aa  beat, 
when  auddenly  and  forcibly  compreaaed;  but  Thenard  baa  ahown  that  the* 
%ht  ia  entirely  owin^  to  the  oombuation  of  the  oil  with  which  the  oom- 
preaaing  tube  la  lubricated.  When  not  united  with  other  ponderable  mat- 
ter, it  ia  alwaya  in  the  form  of  gaa;  but  even  in  thia  ita  pnreat  atate  it  is 
probably  combined,  aa  ia  moat  likely  tme  of  all  elementary  principlea,  with 
heat,  light,  and  electricity. 

^^TIT^nfu  ia  heavier  than  atmoepheric  air.  The  principal  estimates  vuy 
from  1.102^  that  of  Dulong  and  Berzeliua,  to  1.1111  as  given  by  Dr.  Tliom- 
flon.  Judging  from  the  care  devoted  to  the  inquiry,  the  obaervation  of  Do- 
long  and  Berxeliua  appears  to  me  most  deserving  of  confidence,  and  I  have 
accordingly  adopted  1.1026  aa  correct;  but  it  ia  so  important  to  know  the 
exact  apecific  gravity  of  oxygen  gas,  that  diemiata  anxioualy  look  for  the  re- 
sult of  the  observationa  which  Dr.  I^ut  ia  underatood  to  have  been  long  en 
gaged  in  on  tbia  aubject  Adopting  1.1024,  the  number  given  in  the  table, 
page  146,  100  cubic  inchea,  when  the  thermometer  ia  at  60°  F.  and  the 
barometer  atanda  at  30  inchea,  would  weigh  34.1872  graina. 

Oxygen  gas  is  very  aparingly  abaorbed  by  water,  100  cubic  inchea  of  that 
liquid  diascMving  only  three  or  four  of  the  gaa.  It  has  neither  acid  nor  alka- 
line propertiea ;  for  it  doea  not  change  the  colour  of  blue  flowera,  nor  doea  it 
evince  a  disposition  to  unite  directly  either  with  acids  i>r  alkalies.  It  has  a 
very  powerful  attraction  for  most  simple  substancea ;  and  there  ia  not  one  of 
them  with  which  it  may  not  be  made  to  combine.  The  act  of  combining 
with  oxygen  ia  called  oxidation,  and  bodiea  which  have  united  with  it  are 
said  to  be  oxidized.  The  compounda  so  formed  are  divided  by  chemiata  into 
acida  and  oxidea.  The  former  diviaion  includea  thoae  compounds  which  pos- 
sess the  general  propertiea  of  acida ;  and  the  latter  comprehenda  thoae  which 
not  only  want  that  character,  but  of  which  many  are  highly  alkaline,  and 

field  aalta  by  uniting  with  acida.  The  phenomena  of  oxidation  are  variable, 
tis  Bometimes  produced  with  great  rapidity,  and  with  evolution  of  heat  and 
light  Ordinary  combustion,  for  inatance,  is  nothing  more  than  rapid  oxida- 
tion ;  and  all  inflammable  or  oombuatible  aubatancea  derive  their  power  of 
burning  in  the  open  air  from  their  affinity  for  oxygen.  On  other  occasions 
it  takes  place  slowly,  and  without  any  appearance  either  of  heat  or  light,  as 
ia  exemplified  by  the  rusting  of  iron  when  exposed  to  a  moist  atmosphere, 
pifferent  as  these  procesaea  may  appeikr,  oxidation  ia  the  reault  of  both ;  and 
both  depend  on  the  paine  circumstance,  namely,  the  preaence  of  oxygen  in 
thp  Rtmosphei^ 
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All  sobstanees  that  are  capaUe  of  barainff  in  the  open  air,  barn  with  fkt 
greater  brilliaDcy  in  oxygen  m.  A  pieoe  of  wood,  on  which  the  least  spark  - 
of  light  is  Tinble,  bursts  into  name  the  moment  it  is  pntinto  a  jar  of  oxygen ; 
l^hCed  eharcoal  emits  beautiful  scintillations ;  and  phosphorus  bums  with 
so  powerfol  and  dazzling  a  light  that  the  eye  cannot  b^r  its  impression. 
Even  iron  and  steel,  which  are  not  commonly  ranked  among  the  imflamma- 
Ues,  undergo  rapid  combustion  in  oxygen  gas. 

The  cfaaogtes  that  accompany  these  phenomena  are  no  less  remarkable 
than  the  phenomena  themselves.    When  a  lighted  taper  is  put  into  a  yeasel 
of  oxygen  gas^  it  bums  for  a  while  with  increased  s]dendour ;  but  the  sise 
of  the  name  soon  begins  to  diminish,  and  if  the  mouth  of  the  jar  be  closed, 
the  light  will  in  a  short  time  dissppear  entirely.    The  gas  has  now  lost  its 
characteristic  property ;  for  a  second  lighted  taper,  immersed  in  it,  is  in- 
stantly extinguished.    This  result  is  general.    The  burning  of  one  body  in 
a  given  portion  of  oxygen  unfits  it  more  or  less  completely  for  supporting 
the  combustion  of  another;  and  the  reason  is  manifost    Combustion  is  pro- 
duced by  the  combination  of  inflammable  matter  with  oxygen.    The  quan- 
tity of  free  oxygen,  therefore,  diminishes  durioff  the  process,  and  b  at  length 
nearly  or  quite  exhausted.    The  huming  of  iQl  bodies,  however  inflamma- 
Ue,  most  then  cease,  because  the  presence  of  oxygen  is  necessary  to  ite  con- 
tinuance. For  this  reason  oxygen  gas  is  called  a  supporter  of  combustion. 
The  oxygen  often  loses  ite  gaseous  form  as  well  as  ite  other  properties.    If 
phosphoruB  or  iron  be  burned  in  a  jar  of  pure  oxygen  over  water  or  mer- 
cury, the  disappearance  of  the  gas  becomes  obvious  by  the  ascent  of  the 
liquid,  which  is  forced  up  by  the  pressure  of  the  atmosphere,  and  fills  the 
vMel.     Sometimes,  on  the  contrary,  the  oxygen  gas  suffers  diminution  of 
volume  only,  or  it  may  even  undergo  no  change  of  bulk  at  all,  as  is  exem- 
piified  by  the  combustion  of  the  diamond. 

The  changes  experienced  by  the  burning  body  are  equally  striking. 
While  the  oxygen  loses  ite  power  of  supporting  combustion,  the  inflamma- 
ble substance  lays  aside  ite  combustibility.  It  is  then  an  oxidized  body,  and 
cannot  be  made  to  burn  even  by  aid  of  the  purest  oxygen  gas.  It  has  also 
increased  in  weight.  It  is  an  error  to  suppose  that  bodies  lose  any  thing 
while  they  bum.  The  materials  of  N>or  fires  and  candles  do  indeed  disap- 
pear, but  they  are  not  lestroyed.  Although  they  fly  off  in  the  gaseous  form, 
and  are  commonly  lost  to  us,  it  is  not  difficult  to  collect  and  preserve  all  the 
producte  of  combustion.  When  this  is  done  with  the  required  care,  the  com- 
bustible matter  is  always  found  to  weigh  more  after  than  before  combus- 
tion ;  and  the  increase  in  weight  is  exactly  equal  to  the  quantity  of  oxygen 
which  has  disappeared  dnriog  the  process. 

Oxygen  gas  is  necessary  to  respiration.  No  animal  can  live  in  an  atmo- 
sphere which  does  not  contain  a  oertein  portion  of  uncombined  oxygen ;  for 
an  animal  soon  dies  if  put  into  a  portion  of  air  from  which  the  oxygen  has 
been  previously  removed  by  a  burning  body.  It  may,  therefore,  be  antici- 
pated that  oxygen  is  consumed  during  respiration.  If  a  bird  be  confined  in 
a  limited  quantity  of  atmospheric  air,  it  will  at  first  feel  no  inconvenience; 
bnt  as  a  portion  of  oxygen  is  withdrawn  at  each  inspiration,  ite  quantity  di- 
minishes rapidly,  so  that  respiration  soon  becomes  laborious,  and  in  a  short 
time  ceases  altogether.  Should  another  bird  be  then  introduced  into  the 
same  air,  it  will  die  in  the  course  of  a  fow  seconds ;  or  if  a  lighted  candle 
be  immersed  in  it,  its  flame  will  be  extinguished.  Respiration  and  combus- 
tion have,  therefore,  the  same  effect  An  animal  cannot  live  in  an  atmosphere 
which  is  unable  to  support  combustion ;  nor,  in  general,  can  a  candle  bum 
in  air  which  conteins  too  little  oxygen  for  respiration. 

It  is  singular  that,  though  oxygen  is  necessary  to  respiration,  in  a  state  of 
parity  it  is  deleterious.  When  an  animal,  as  a  rabbit  for  example,  is  sup* 
plied  with  sn  atmosphere  of  pure  oxygen  gas,  no  inconvei\ienoe^  is  at  first 
perceived ;  but  after  the  interval  of  an  hour  or  more,  the  circulation  and  re- 
spiration  become  very  rapid,  and  the  system  in  general  is  highly  excited. 
Symptoms  of  debility  subsequently  ensue,  followed  by  insensibility ;  or' 
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death  ooenn  in  «z,  ten,  or  twelve  houra^  On  ezamiiiatkm  after  death,  the 
blood  10  found  highlj  florid  in  every  part  of  the  body,  and  the  heart  acta 
atroDgly  even  after  the  breathings  baa  ceaaed.  For  these  experiments  we  are 
indexed  to  Mr.  Broughton. 

THEORY  OF  COMBUSTION. 

The  only  phenomena  of  oombustion  noticed  by  an  ordinary  obaerver,  are 
the  destruction  of  the  burning  body,  and  the  developemcnt  of  heat  and  light; 
but  it  has  been  demonstrated  that  in  addition  to  these  circumatances,  oxygen 
gas  invariably  disappears,  and  a  new  compound  consisting  of  ozy^en  and 
the  combustible  is  generated.    The  term  comMia^um, 'therefore,  in  its  com- 
mon  signification,  implies  the  rapid  union  of  oxygen  gas  and  combustible 
matter,  accompanied  with  heat  and  light.  As  the  evolution  of  heat  and  light 
is  dependent  on  chemical  action,  the  same  phenomena  may  be  expected  in 
other  chomical  processes;  and,  accordingly,  heat  and  light  are  frequently 
emitted  quite  independently  of  oxygen.    Thus  phosphorus  takes  fire,  and  a 
taper  burns  for  a  short  time,  in  a  vessel  of  chlorine;  and  several  of  the  coni- 
moo  metals,  such  as  copper,  antimony,  and  arsenic,  in  a  state  of  fine  divi- 
sion, become  red-hot  when  introduced  into  a  jar  of  that  gas.     Potassium 
takes  fire  in  cyanogen  gas;  and  copper-leaf  or  iron  wire,  if  moderately  heat- 
ed,  undergoes  the  same  change  in  the  vapour  of  sulphur.   A  mixture  of  iron 
filings  and  sulphur,  when  heated  so  as  to  bring  the  latter  into  perfect  fusion, 
emits  intense  heat  and  light  at  the  instant  of  combination  ;  and  a  like  effect, 
though  in  a  far  less  degree,  is  produced  by  the  action  of  concentrated  sul- 
phuric acid  on  pure  magnesia.     Most  of  tliese  and  similar  examples,  espe- 
cially when  one  of  the  combining  substances  is  gaseous,  are  frequently  m- 
eluded  under  the  idea  of  combustion ;  and  they  certainly  belong  to  the  same 
class  of  phenomena.     In  tbe  subsequent  observations,  however,  I  shall  em- 
ploy  the  term  in  its  ordinary  sense;  but  the  remarks  concerning  increase  of 
temperature,  whether  with  or  without  light,  apply  equally  to  all  casea  where 
heat  is  developed  as  a  result  of  chemical  action. 

For  many  years  prior  to  the  discovery  of  oxygen  ^s,  the  phenomena  of 
combustion  were  explained  on  the  Stahlian  or  phlogistic  hypothesis.  All 
combustible  bodies,  according  to  Stahl,  contain  a  certain  principle  which  he 
called  phioffiston,  to  the  presence  of  which  he  ascribed  their  combustibility. 
He  supposed  that  when  a  body  burns,  phlogiston  escapes  from  it;  and  that 
when  the  body  has  lost  phlogiston,  it  ceases  to  be  combustible,  and  is  then  a 
dephlogisticated  or  incombustible  substance.  A  metallic  oxide  was  conse- 
quently regarded  as  a  simple  substance,  and  the  metal  itself  as  a  compound 
of  ita  oxide  with  phlogiston.  The  heat  and  light  which  accompany  combus- 
tion were  attributed  to  the  rapidity  with  which  phlogiston  is  evolved  during 
the  process. 

The  discovery  of  oxygen  proved  fatal  to  the  Stahlian  doctrine.  Lavoisier 
had  the  honour  of  overthrowing  it,  and  of  substituting  in  ita  place  the  anti- 
phlogistic  theory.  The  basis  of  his  doctrine  has  already  been  stated, — that 
combustion  and  oxidation  in  general  consist  in  the  combination  of  combns- 
tible  matter  with  oxygon.  This  fact  he  establtHhcd  beyond  a  doubt  On 
burning  phosphorus  in  a  jar  of  oxygen,  he  observed  that  a  considerable 
quantity  of  the  gas  disappeared,  that  the  phosphorus  gained  materially  in 
weight,  and  that  the  increase  of  the  latter  exactly  corresponded  to  the  loss 
of  the  former.  An  iron  wire  was  burnt  in  a  similar  manner,  and  the  weight 
of  the  oxidized  iron  was  found  equal  to  that  of  the  wire  originally  employed, 
added  to  the  quantity  of  oxygen  which  had  disappeared.  That  the  oxygen 
is  really  present  in  the  oxidized  body  he  proved  by  a  very  decisive  experi- 
ment. Some  liquid  mercury  was  confined  in  a  vessel  of  oxjjgen  gas,  and  ex- 
posed to  a  temperature,  sufficient  for  causing  ita  oxidation.  The  oxide  of 
mercury,  bo  produced,  was  put  into  a  small  retort  and  heated  to  redness, 
when  it  was  reconverted  into  oxygen  and  fluid  mercury,  the  quantity  of 
the  oxygen  being  exactly  equal  to  that  which  had  combined  with  the  mer- 
f^ttrv  in  the  first  part  of  the  operation. 
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To  teeoont  for  ibe  prodnetioii  of  heat  ud  light  dorhig  oomboitiaii,  Le- 
▼oisier  bad  reooorae  to  Dr.  Black's  tbeoTT  of  latent  beat  Heat  is  always 
evolved^  whenever  a  sabstanee,  withoot change  offbrm,  passes  from  a  rarer 
into  a  denser  state,  and  also  .when  a  gas  becomes  Hqoid  or  solids  or  a  UquidT 
solidifies;  becaase  a  quantity  of  beat  previoosly  combined,  or  latent,  within 
it,  is  then  set  free.  Now  this  is  jirecisely  what  happens  in  many  instanoea 
of  oombostion.  Thus  water  is  formed  by  the  burning  of  hydrogen,  in  whicn 
ease  two  gases  ^ve  rise  to  a  liquid ;  and  in  forming  phosphoric  add  with 
phosphoras,  or  in  oxidizing  metals,  oxygen  is  condensed  into  a  solid.  Wben 
the  prodoct  of  combustion  is  gaseous,  as  in  the  burning  of  charcoal,  the  evo-* 
lutjon  of  heat  is  ascribed  to  the  circumstance  that  the  oxidized  body  con« 
taios  a  smaller  quantity  of  combined  heat,  or  has  a  smaller  specific  heat, 
than  the  sobstances  by  which  it  is  produced. 

This  is  the  weak  point  of  Lavoisier's  theory.  Chemical  action  is  very 
ofien  accompanied  by  increase  of  temperature,  and  the  heat  evolved  during 
combustion  is  only  a  particular  instance  of  it  Any  theory,  therefore,  by 
which  it  is  propoeed  to  account  for  the  production  of  heat  in  some  cases, 
CHBght  to  be  applicable  to  alL  When  combustion,  or  any  other  chemical  ac* 
tion,  is  followed  by  considerable  condensation,  in  consequence  of  which  the 
new  body  contains  less  insensible  heat  than  its  elemente  did  before  combina- 
tion, it  is  obvious  that  heat  will,  in  that  case,  be  disengaged.  But  if  this 
were  the  sole  cause  of  the  phenomenon,  a  rise  of  temperature  should  always 
be  preceded  by  a  corresponding  diminution  of  specific  heat,  and  the  extent 
of  the  former  ought  to  be  in  a  constant  ratio  with  the  degree  of  the  latter.  Now 
Petit  and  Dahmg  infer  from  their  researches  on  this  subject,  (Annales  de  Chim. 
et  de  Phys.  voL  x.)  that  the  degree  of  heat  developea  during  combination, 
bears  no  relation  to  the  specificrheat  of  the  combining  sobstances ;  and  that 
io  the  majority  of  cases,  the  evolution  of  heat  is  not  attended  by  any  dimu 
notion  in  the  specific  heat  of  the  compound.  It  is  a  well  known  fact,  that 
increase  of  temperature  frequently  attends  chemical  action,  though  the  pro- 
ducts contain  much  more  insensible  heat  than  the  substances  £om  whicfi 
they  were  formed.  This  happens  remarkably  in  the  explosion  of  gunpow- 
der, which  is  attended  by  intense  heat;  and  vet  its  materials,  in  passing 
from  the  solid  to  the  gaseous  state,  expand  to  at  least  250  times  their  volume, 
and  consequently  render  latent  a  large  quantity  of  heat 

These  eireumstanoes  leave  no  iteobt  that  the  evolution  of  heat  durinfr 
chemical  action  is  owing  to  some  cause  quite  unconnected  with  that  as- 
si^ed  by  Lavoisier;  and  if  this  caose  operates  so  powerfully  in  some  cases, 
it  IS  fair  to  infer  that  part  of  the  eflfect  must  be  owing  to  it  on  those  occa- 
sions, when  the  phenomena  appear  to  depend  on  change  of  specific  heat 
alone.  A  new  theoiy  is,  therefore,  required  to  account  for  the  chemical 
production  of  heat  But  it  is  easier  to  perceive  the  fallacies  oi  one  doctrine, 
than  to  substitute  another  which  shall  be  faultless ;  and  it  aopears  to  me 
that  chemists  must,  for  the  present,  bo  satisfied  with  the  simple  stotoment, 
that  energetic  chemical  action  does  of  itself  give  rise  to  increase  of  tempe- 
ratore.  Benellus,  in  adopting  the  electro-chemical  theory,  regards  the  hdst 
of  comlnnation  as  an  electrical  phenomenon,  believing  it  to  arise  from  the 
oppositely  electrical  substances  neutralizing  one  anoUier,  in  the  same  man- 
ner as  the  electric  equilibriom  is  restored  during  the  discharge  of  a  Leydfo 
jar*  There  are  indeed  strong  grounds  for  believinj^  that  electrical  action  is 
an  essential  part  of  every  chemical  change,  and  it  is  probable  that  the  hej|t 
developed  during  the  latter  may  be  doe  to  the  former ;  but  this  part  of  sci- 
ence is  as  yet  too  imperfect  for  indicating  the  precise  mode  by  which  the 
effect  IB  produced. 

The  beat  emitted  during  combustion  varies  with  the  nature  of  the  mate- 
riaL  The  effect  of  the  combustible  gases  in  raising  the  temperature  of 
water,  according  to  the  experiments  of  Dr.  Dalton,  is  shown  in  the  follow- 
ing UblOw— (Chemicid  Philosophy,  ii.  309.) 

14 
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Hydroj^,  in  burning,  raiies  an  equal  tolume  of  water    .  59  F. 

Carbonic  oxide  ......        4^ 

Light  carburetted  hydrogen  18 

Okfiantgaa 27 

Coal  gaa  variM  with  the  quality  of  the  gas  from   .  .    10  to  16 

,  Oil  gaa  variea  also  with  the  quality  of  Uie  gaa  from    .         12  to  20 

Dr.  Dalton  ftother  statea  that  generallv  the  combnatiUe  gaaea  give  oot 
heat  nearly  in  proportion  to  the  oxygen  which  they  oonaume. 

In  the  thirty^eventh  volume  of  the  An.  de  Ch.  et  de  Ph^  pave  180,  M. 
Deaprets  haa  fjvnn  a  notice  of  aome  experimenta  on  the  heat  ^veloped  in 
combustion,  llie  sobatancea  burned  were  hydrogen,  carbon,  phoaphorua, 
and  several  metals;  and  so  much  of  each  waa  empbyed,  as  to  require  the 
same  quantity  of  oxygen.  When  the  oombustion  of  hydrogen  gas  pro> 
duoed  2578  degrees  of  heat,  carbon  gave  out  2967,  and  iron  5325.  Phoa- 
phorus,  xino,  and  tin  emit  quantities  of  heat  very  nearly  the  same  aa  iron. 
Hence  it  ibUowa  that,  for  equal  quantitiea  of  ozyr^t  hydrogen  in  burning 
f  Tolvea  lesa  heat  than  most  other  substances,  llieae  reaulto  do  not  aecoid 
with  those  of  Dalton. 


SECTION  IV. 

HYDROGEN. 

This  gas  waa  ibrmerly  termed  im/lmmmMe  air,  from  ita  combostibilityy 
and  phtogUton,  from  the  supposition  that  it  was  the  matter  of  heat ;  but  the 
name  hydrogen,  from  Cim»  ioai€r,  and  yfvuf  to  genemU,  has  now  become 
general.  Its  nature  and  leading  properties  were  first  pointed  out  in  the 
year  1766  by  Mr.  Cavendish.  (PhiJoe.  Trans.  Ivi.  144.) 

Hydrogen  gas  may  be  easily  procured  in  two  waya.  The  first  oonsMis 
in  passing  the  vapour  of  water  over  metallic  iron  heated  to  redness.  This 
is  done  by  pottine  iron  wire  into  a  gmi-barrel  open  at  both  ends,  to  one  of 
which  is  attached  a  retort  containing  puro  water,  and  to  the  other  a  bent 
tube.  The  gun-barrel  is  placed  in  a  mmace,  and  when  it  haa  acquired  a 
fiiU  red  heat,  the  water  in  the  retort  is  made  to  boil  briakly.  The  gas, 
which  is  copiously  disengaged  aa  soon  aa  the  ateam  comes  in  contact  with 
the  glowing  iron,  passes  along  the  bent  tube,  and  may  be  collected  in  con- 
venient veasels,  by  dipping  the  free  extremity  of  the  tube  faito  the  water  of  a 
pneumatic  trough.  The  aeoond  and  moat  convenient  method  consisU  in 
putting  piecea  of  iron  or  zinc  into  dilute  aulphurio  acid,  formed  of  one  part 
of  atrong  acid  and  four  or  6w  of  water.  Zinc  is  genemlly  preforved.  The 
hydrogen  obtained  in  these  processes  is  not  al^utely  pure.  The  gms 
evolved  during  the  solution  of  iron  has  an  oflbnsivo  odour,  aacribed  by  &r. 
aefius  to  the  presence  of  a  volatile  oil,  which  may  be  almost  entirely  ro. 
moved  by  transmitting  the  gas  through  alcohol.  The  oil  appears  to  arise 
from  aome  compound  being  formed  between  hydrogen,  and  the  carbon  which 
is  always  contained  even  in  the  purest  kinds  of  oommon  iron ;  and  it  is 
probable  that  a  little  carburetted  hydrogen  gas  is  generated  at  the  aame 
time.  The  sine  of  commerce  oontaina  siSphur,  and  almost  alwaya  traces  of 
charcoal,  in  conaequence  of  which  it  is  contaminated  with  hydrasulphurie 
tcid,  and  probably  with  the  same  impuritiea,  though  in  a  less  degree,  as  are 
derived  fi^>m  iron.  A  little  metallic  zinc  is  also  contained  in  it,  apparently 
in  combmation  with  hydrogen.  All  theae  impurities,  carburetted  hydrogen 
excepted,  may  be  removed  by  passing  the  hydrogen  through  a  aolution  of 
pure  potassa.  To  obtain  hydrogen  of  great  purity,  distilled  zinc  should  be 
employed. 
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Hydrogen  is  a  ooloarlen  gts,  wlien  |nii«  haB  neitlier  odour  nor  twie,  «nd 
is  a  powvribl  rofirmdor  of  light.  Like  bijgoii,  it  csnnot  be  resolved  into 
more  siinple  parte,  and,  like  that  eae,  has  hitherto  resisted  all  attempts  to 
eompreas  it  ioto  a  liquid.  It  is  the  lightest  body  in  natare,  and  is  conse- 
quently the  beat  material  for  fflling  bsfioons.  From  ite  extreme  liffhtnesa 
it  is  diffienlt  to  ascertain  its  preoise  density  by  weighing;  becanse  me  pre- 
•enoe  of  nunote  qnantities  of  oommon  air  or  watery  Yapoor  oeoasions  oon- 
aiderable  error.  By  the  table  of  specific  gravities  (page  146),  it  ai^nars 
that  hydrogen  gas  is  just  16  times  lighter  than  oxygen,  an  inftrenoe  de- 
rived iroDi  the  composition  of  water  to  be  shortly  stated:  it  henos  follows 
that  100  eabic  inches  of  hydrogen  gas  at  60°  F.  and  30  inches  Bar.  should 
weigh  ^  X  34.187S  ss  2.1367  grains,  and  that  ite  specific  gravity  is 
0.0689. 

Hydrogen  does  not  cban^  the  blue  colour  of  vegetables.  It  is  sparingly 
aheorbed  oy  water,  100  cubic  inches  of  that  liquid  dissolving  about  one  and 
a  half  of  the  gas.  It  cannot  support  respiration;  for  an  animal  soon  per- 
ishes when  confined  in  it  Death  ensues  from  deprivation  of  oxygen  rather 
than  from  any  noxious  quality  of  the  hydrogen;  since  an  atmosphere 
compoeed  of  a  due  proportion  of  oxygen  ajrid  hydrogen  cmm  ma^  be  re- 
spired  without  inconvenience.  Nor  is  it  a  supporter  of  oombostton;  for 
when  a  lighted  candle  fixed  on  wire  is  passed  up  into  an  inverted  jar  foil  of 
hydroeen  gas,  the  light  instantly  disappears. 

Hydn»en  ^  Is  inflammable  in  an  eminent  degree,  though,  like  other 
combastibles,  it  requires  the  aid  of  a  supporter  of  combustion.  This  is  ex- 
emplified by  the  experiment  above  alluded  to,  in  which  the  gas  is  kindled 
by  the  flame  of  a  candle,  but  bums  onlv  where  it  is  in  oontect  with  the  air. 
Its  combustion,  when  conducted  in  this  manner,  goes  on  tranquilly,  and  is 
attended  with  a  yellowish-blue  flame  and  a  very  foeble  light  The  pheno- 
mena are  diflerent  when  the  hydn^n  is  previocisly  mixed  with  a  due  quan- 
tity of  atmospheric  ur.  The  approach  or  flame  not  only  sete  fire  to  the  gas 
near  it,  but  the  whole  is  kindled  at  the  same  instant ;  and  a  flash  of  light 
passes  through  the  mixture,  followed  by  a  violent  explosion.  Hie  best  pro- 
pytion  forifae  experiment  is  two  measures  of  hydrogen  to  five  or  six  of  air. 
Tile  explosion  is  fiir  more  violent  when  pure  oxygen  is  used  instead  of  at 
nospheric  air,  particularly  when  the  gases  are  mixed  together  in  the  ratio 
of  one  measure  of  oxygen  to  two  of  hydrogen. 

Oxygen  and  hydrogen  gases  cannot  combine  at  ordinary  temperatures, 
and  may,  therefore,  be  kept  in  a  state  dT  mixture  without  even  gradual  com- 
bination taking  place  between  them.  Hydrogen  may  be  set  on  fire,  when 
in  contact  with  air  or  oxygen  gas,  by  flame,  by  a  solid  body  heated  to  bright 
redness,  and  by  the  electric  spark.  If  a  jet  of  hydrogen  gas  be  thrown  upon 
recently  prepared  ^wngy  platinum,  this  metal  almost  instently  becomes 
red-hot,  and  then  sete  fire  to  the  gas,  a  discovery  which  was  made  in  the 
year  1824,  by  Professor  Doebereiner  of  Jena.  The  power  of  flame  and 
electricitv,  in  causing  a  mixture  of  hydrogen  with  air  or  oxygen  gas  to 
explode,  is  limited.  Mr.  Cavendish  found  that  flame  occasions  a  ver^  foeble 
explosion  when  the  hydrogen  is  mixed  with  nine  times  ite  bulk  of  air ;  and 
that  a  mixture  of  fimr  measures  of  bydrogen  with  one  of  air  does  not  ex- 
plode at  alL  An  expkisive  mixture,  formed  of  two  measures  of  hydrogen 
and  one  of  oxygen  gas,  explodes  fiom  all  the  causes  above  enumerated. 
Biot  fi>und  that  sudden  and  violent  compression  likewise  causes  an  explo- 
flion,  apparently  from  the  heat  emitted  during  the  operation ;  for  an  equal 
degree  of  condensation,  slowly  produced,  has  not  the  same  efiect  The 
electric  spark  ceases  to  cause  detonation,  when  the  explosive  mixture  is 
diluted  with  twelve  times  ite  volume  of  air,  fourteen  of  oxygen,  or  nine  of 
hydrogen;  iyr  when  it  is  expanded  to  sixteen  times  ite  bulk  by  diminished 
pressure.  Spongy  platinum  acts  just  as  rapidly  as  flame  or  the  electric 
spark  in  producing  explosion,  provided  the  gashes  are  quite  pure  and  mixed 


160 

in  the  exact  ratio  of  two  to  one.*  Mr.  Faraday  finds  that  platniiini  ttSU  if 
perfectl/  dean,  prodnoea  gradnal  thoofffa  rathef  rapid  oombinatioo  vf  the 
yaaea,  often  lUIowed  by  ezploeion.  (PhU.  Trana.  1834.) 

When  the  action  of  heat,  the  electrie  apark,  and  apon^  pkthram  no 
longer  eaoae  ezploeion,  a  ailent  and  jmdoal  combination  between  the  gmmem 
mar  atill  be  occasiooed  by  them.  Sir  R  Davy  obaerred  that  oxygen  and 
hydrogen  gaaea  unite  dowl^  with  one  another,  when  they  are  ezpoeed  to  a 
temperature  above  the  boihny  point  of  roereury,  and  below  that  at  which 

Slaia  b^fina  to  appear  Inmmoos  in  the  darL  An  ojiiflaiTe  miztare, 
iluted  with  air  to  loo  great  a  degree  to  explode  by  eketncit^,  la  made  to 
unite  silently  by  a  ancceaaion  of  electric  aparka.  Spongy  platinum  canoes 
them  to  unite  Jowly  though  mixed  with  one  hundred  timea  their  bulk  of 
oxygen  gaa. 

A  large  quantity  of  heat  is  evolved  during  the  oomboation  of  hydrogen 
gas.  Lavoisier  oondudea  firom  experiments  made  with  his  calorimeter, 
(Elements,  vol.  L)  that  one  pound  pf  hydrogen  occaaions  as  much  heat  in 
burning  aa  is  sufficient  to  melt  295.6  pounds  of  ice.  Dr.  Dalton  fixes  the 
quantity  of  ice  at  320  pounds,  and  Dr.  Crawford  at  480.  The  moat  intenoe 
heat  Uiat  can  be  produced,  is  cauaed  by  the  combustion  of  hydrowen  in 
oxygen  gaa.  Dr.  Hare  of  Philadelphia,  who  Lrst  burned  hydrogen  lor  thia 
purpose,  collected  the  gaaea  in  aeparate  gasholders,  from  which  a  stream  was 
made  to  issue  through  tabes  communicating  with  each  other,  juat  before 
their  termination.  At  this  point  the  jet  of  the  mixed  gases  waa  inflamed. 
The  efiect  of  the  combustion,  though  very  pfreat,  is  materially  increaaed  by 
forcing  the  two  gaaea  in  due  proportion  into  a  strong  metallic  veead  by 
meana  of  a  condenaing  syrinofe,  ana  setting  fire  to  a  jet  of  the  mixture  as  it 
issues.  An  apparatus  of  this  kind,  now  known  by  the  name  of  the  ozy- 
hydrogen  blowpipe,  waa  contrived  by  Mr.  Newman,  and  emplOTod  by 
the  late  Profeaaor  Clarke  in  his  experiments  on  the  fusion  of  refractory 
•ubstanoes.  On  opening  a  atop^oock  which  confines  the  compressed  gaaea, 
a  jet  of  the  explosive  mixture  issues  with  force  through  a  amaU  blowpipe* 
tube,  at  the  extremity  of  which  it  is  kindled.  In  this  state,  however,  the 
apparatus  ahould  never  be  used ;  for  ss  the  reservoir  is  itsdf  fiiU  of  an  ex- 
plosive  mixture,  there  is  great  danger  of  the  flame  running  back  along  the 
tube,  and  aettiuflr  fire  to  the  whole  gas  at  once.  To  prevent  the  occurrence 
of  such  an  accident,  which  would  most  probably  prove  fetal  to  the  operator, 
Profoaaor  Cumming  proposed  that  the  gas,  as  it  issues  from  the  reservoir, 
should  be  made  to  pass  through  a  cylinder  full  of  oil  or  water  before  reach- 
ing  the  noini  at  which  it  is  to  burn;  and  Dr.  Wollaston  suggested  the 
additional  precaution  of  fiziog  successive  layers  of  fine  wire  ffause  within 
the  exit  tube,  each  of  which  would  be  capable  of  intercepting  the  oomrouni* 
cation  of  flatne.  A  modification  of  thia  apparatus  has  been  devised  by  Mr« 
Gumey ;  but  both  his  and  Newman's  are  rendered  unnecessary  by  the  aafoty 
tube  lately  proposed  by  Mr.  Hemming.  It  consists  of  a  brass  oylinder, 
nbout  6  inches  long,  and  3.4ths  of  an  inch  wide,  filled  with  very  fine  brass 
wire  in  length  equal  to  that  of  the  tube.  A  pointed  rod  of  meUl,  l-8th  of  an 
inoh  thick,  is  then  forcibly  inserted  through  the  centre  of  the  bundle  of 
wires  in  the  tube,  so,  as  to  wedge  them  Ughtly  together.  The  interstices 
between  the  wires  thus  constitute  verv  fine  metallic  tubea,  the  eonduoting 
power  of  which  is  so  great  as  entirely  to  intercept  the  passage  of  flame. 
The  mixed  gases  are  supplied  from  a  common  Madder.  (PhiL  Mag.  3rd 
8.  L  82.)    A  very  intense  heat  may  be  aafoly  and  ea^y  proenred  by  paaaing 

*  For  a  variety  of  fiu^ts  respecting  the  causes  which  prevent  the  aotion  of 
flame,  electricity,  and  platinum  in  producing  detonation,  the  reader  may 
consult  the  essay  of  M.  Grotthus  in  the  Ann.  de  Chimie,  vol.  Ixxxii.;  Sir  H. 
Davy*s  work  on  >lame;  Dr.  Henry's  essay  in  the  Philoeophical  Tranaac 
tions  for  1824;  and  a  paper  by  myaelf  in  the  Edinburgh  Philosophical  Jour* 
aal  for  the  same  year. 


a  j0l  of  oiygaB  g«s  thfoofh  the  lluneof  a  spint  lamp,  u  pmosod  by 
Ibe  Jale  Dr.  Maroet  As  elegant  improvement  on  this  prinei^  bee  been 
devjced  by  Mr.  Deniell,  by  fixing  a  jet  for  oonveying  oxygen  witbin 
another  jet  finr  hydrogen  or  coal  gas,  bo  that  a  current  of  omen  may  be 
introduceid  into  the  middle  of  the  flame.  (Phil.  Mag.ii.  57.  3rd  Seriet.) 
The  heat  from  this  apparatos  ie  qoile  sufficient  for  moat  porpoaee;  and  it 
may  be  still  further  increased  by  causing,  the  gases  to  pass  separately 
throogb  Jieated  tubes,  in  order  that  thejr  may  have  a  temperature  of  400^  or 
500^  on  issui]i|r  from  the  jets.— On  this  principle  is  ibonded  the  patent  <^ 
Mr.  Dunlopi,  of  the  Garroo  Iron  Works,  for  increasing  the  temperature  of 
Uast  furnaces :  the  air  which  supports  the  combustion  is  prevjoosly  heated 
by  transmissioo  through  iron  tubes  kept  at  a  low  red  heat,  whereby  the 
power  of  the  furnaces  is  surprisingly  increased,  and  a  great  saving  in  Aiel 
and  time  is  accomplished. 

The  oompooiuls  of  hydrogen  described  in  this  section  are  two  in  number, 
the  oompoaitiim  of  which  is  as  follows  :-^ 

By  Weight  By  Volume. 

Hydrogen.  Oxygen.     Equir.  Hyd.   Oxy. 

Water  (protoxide  of  hydrogen)  1  or  1  eq.4-  8  or  1  eq.e=     9  100        50 

Peroxide  of  hydrogen                1  or  I  eq^l6  or  2  eq.=B  17  100      100 

The  chemical  symbol  of  water  is  H-4-0,  or  H,  and  sometimes  Aq  from 

aqua ;  and  that  of  the  peroxide  is  H+20,  or  H. 

WATER. 

Water  is  the  sole  product  of  the  combustion  of  hydrogen  gas.  For  this 
impOTtant  fact  we  are  indebted  to  Mr.  Cavendish.  He  demonstrated  it  by 
burning  oxygen  and  hydrogen  gases  in  a  dry  glass  vessel ;  when  a  quantity 
of  pure  water  was  generated,  exactly  equal  in  weight  to  that  of  the  gases 
which  had  disappeared.  This  experiment,  which,  is  the  synthetie  proiof  of 
the  composition  of  water,  was  afterwards  made  on  ^>  much  larger  scale  in 
Paris  by  Vauqaelin,  Fourcroy,  and  Seguin.  Lavoisier  6rst  demonstraiBd  its 
nature  analytically,  by  passing  a  known  quantity  of  watery  vapour  over  me- 
tallic iron  heated  to  redness  in  a  glass  tube.  Hydrogen  gas  was  diaanga^, 
the  metal  in  the  tube  was  oxidize,  and  the  weight  of  the  formw,  added  to 
the  increase  which  the  iron  had  experienced  from  combining  with  oxygen, 
exactly  corresponded  to  the  quantity  of  water;  decomposed. 

A  knowledge  of  the  exact  proportions  in  which  oxygen  and  hydrogen- 
gases  unite  to  form  water,  is  a  necessary  element  in  many  chemical  reason* 
ings.  Its  composition  by  volume  was  demonstrated  very  satis&ciorily  by 
Messrs.  Nicholson  and  Carlisle,  in  their  researches  oa  the  chemioal  agencv 
of  galvanism.  On  resolving  water  into  its  elements  by  this  agent,  and  coL 
lectmg  them  in  separate  vessels,  they  obtained  precisely  two  measures  of 
hydrogen  and  one  of  oxygen, — a  result  which  has  been  folly  oonfirmed  by 
subsequent  oxperimentera  The  same  fact  was  proved  synthetioally  by  Gay- 
LuBsac  and  Humboldt,  in  their  Essay  on  Eodiometry,  published  in  the  Jeiir . 
nal  de  Pk^si^  for  1805.  They  found  that  when  a  mixture  of  oxygen  and 
hydrogen  is  inflamed  by  the  electric  spark,  those  gases  always  unite  in  the 
exact  ratio  of  one  to  two,  whatever  may  be  their  relative  quantity  in  the 
mixture.  When  one  measure  of  oxygen  is  mixed  with  three  of  hydrogen, 
one  measure  of  hydrogen  remains  ailer  the  explosion ;  and  a  mixtnre  of  two 
measures  of  oxygen  and  two  of  hydrogen  leaves  one  measure  of  oxygen. 
When  one  volume  of  oxy|;en  is  mixed  with  two  of  hydrogen,  both  gases,  if 
onite  pure,  disappear  entirely  on  the  electric  spark  being  passed  through 
tnem.  The  composition  of  water  by  weight  was  determined  with  great  care- 
by  Berzclius  and  Dolong ;  and  we  cannot  hesitate,  considering  the  known 
dexterity  of  the  <q[iezators,  and  the  principle  on  which  their  method  of  ana- 
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Ijiis  WM  IbaiMled,  to  rmrd  Uieir  reanh  u  a  nearer  apprenmation  to  the 
tmlh  than  that  of  any  oftheir  predeoeMora.  They  state,  as  a  mean  of  tliree 
carefU  experiments,  (Ann.  de  Ch.  et  de  Ph.  toL  zv.)  tliat  100  parti  of  pare 
water  oonsist  ^  11.1  of  hydrogen  and  88.9  oxygen,  which  is  the  ratio  or  1  to 
8i)09,  very  nearly  that  of  1  to  8  above  stated. 

The  processes  for  procuring  a  supply  of  hydrogen  gas  will  now  be  inteUi- 
gibie.  The  first  is  the  method  by  which  Lavoisier  made  the  analysis  of  wru- 
tar.  It  is  founded  on  the  ftct,  that  iron  at  a  red  heat  decomposes  water,  the 
oxygen  of  that  liqoid  uniting  with  the  mctsl,  and  the  hydrojgen  gas  bcin^ 
set  Iree.  That  the  hydrogen  which  is  evolved  when  zinc  or  iron  is  pat  into 
dilute  solphuric  acid  must  be  derived  from  the  same  source,  is  obviooe  from 
the  consideratioo,  that  of  the  three  substances,  iron,  sulphuric  acid,  and  wm« 
ter«  thcrlast  is  the  only  one  which  contains  hydrogen.  The  product  of  the 
operation,  besides  hydrogen,  is  sulphate  of  the  protoxide  of  iron,  if  iron  is 
used,  or  ofthe  oade  of  smc,  when  sine  is  employed.  The  knowledge  of  tbe 
combining  proportions  of  these  substances  wUl  readily  give  the  exact  qiiu»« 
tity  of  each  product.  These  numbers  are- 
Water  (8  oxy.  +  1  hyd.)  9 

Sulphuric  acid 40.1 

Iron 38 

Protoxide  of  iron  (28  iron  4-  8  oxygen)  .  36 

Sulphate  ofthe  protoxide  of  iron  (40.14-36)       .        •        76.1 

Hence  for  every  9  grains  of  water  which  are  decomposed,  1  grain  cihyAio- 
gen  will  be  set  free ;  8  grains  of  oxygen  will  unite  with  28  grains  of  iron« 
nrming  36  ofthe  protoxide  of  iron ;  and  the  36  grains  of  protoxide  will  com- 
btne  with  40.1  grains  of  solphuric  acid,  yielding  76.1  of  sulphate  ofthe  prot- 
oxide  of  iron.  A  similar  calculation  may  be  employed  when  sine  is  used, 
■lerely  by  substituting  the  equivalent  of  xioc  (32.3)  for  that  of  ironw— Ac- 
cording  to  Mr.  Cavendish,  an  ounce  of  zinc  yields  676  cubic  inches,  and  an 
equal  quantity  of  iron  782  cubic  inches  of  hydrogen  gas. 

Tho  action  of  dilute  sulpbaric  acid  on  metallic  zinc  affords  an  instance  of 
what  was  once  called  Diipmng  AfinUy,  Zinc  decomposes  pure  water  at 
common  temperatures  with  extreme  slowness ;  but  as  soon  as  sulphuric  acid 
is  added,  decomposition  of  the  water  takes  place  rapidly,  though  the  acid 
merely  unites  with  oxide  of  zinc.  The  former  explanation  was,  that  the 
affinity  ofthe  acid  for  oxide  of  zinc  disposed  the  metal  to  unite  with  oxygen, 
and  thus  enabled  it  to  decompose  water ;  that  is,  the  oxide  of  zinc  was  sup- 
posed to  produce  an  eflect  previous  to  its  existence.  Tlie  obscurity  of  this 
explanation  arises  from  regarding  changes  as  consecutive,  which  are  in 
reijlity  simultaneous.  There  is  no  succession  in  the  process;  tbe  oxide  of 
sine  IS  not  formed  previously  to  ito  combination  with  the  acid,  but  at  the 
same  instant  There  is,  as  it  were,  hot  one  chemical  change,  which  con- 
sists in  the  combination  at  one  and  the  same  moment  of  zinc  with  oxygen, 
and  of  oxide  of  zinc  with  the  acid ;  and  this  change  occurs  because  these 
two  affinities,  acting  together,  overcome  the  attraction  of  oxygen  and  hydro- 
gen  for  one  another.  ^  ^ 

WatCT  is  s  transparent  colourless  Hquid,  which  has  neither  smell  nor 
^'  fJL'.  *  P*^^':^"^  ^^^  o^  «ti?ti  conducts  heat  very  slowly,  and  is 
rV"S^H  »„,'*"i"''*^  of  electricity.  TThe  experiments  of  c4rsted.  and  CuU 
'•^-i^rdh^i  S  ?i!Jt  fr^^^-t  w«te'  »  compressible  by  great  pressure; 
■^-^5Kl^J^l«^^'*^T'^  ^^  absoluti  diminuticiiTor  eadi  atmo! 
^STna  tlt^T^^L^l:''^''?^'  ^^  ^  ^-  «t  de  Ph.  xxxvi.  140.)  The 
'iSidTb^  dSilS^l^iri:*^  ^^^  ^"^  ^'^^y  iinport«nt;hut  they  have 
"?tLter  iTj  thTZ^itV  of  rii^J.?*'*  ^^  ^*^«'k.  ^TTie  specific  gravity 
f^^J^m^ritT^^^^  ^  "^«^^ »«««  ^"^n  referred  to  it  as 

iS^weiX'asa^fl  ^?^''^«««ch,at62oF.and30inchcsof  thebaro. 
i:!2lSo^ir.  ^     •'  ^  ^^^  't  is  815  times  as  heavy  as  atmo. 

•er,  owto,  partly  to  the  extensive  mngc  of  its  own  affinity,  and  partly 


to  the  nttare  of  its  etementi,  is  one  of  the  most  powerfbl  agents  which  wt 
poawan.  The  preparation  of  hydrogen  gas  is  an  example  of  this ;  and  in- 
deed there  are  few  oomplex  changes,  where  ozjgen  and  hydrogen  are  pre- 
sent, whieh  do  not  give  rise  either  to  the  prodaction  or  decomposition  of 
water.  Bat,  independently  of  the  elements  of  which  it  is  composed,  it  com- 
hines  directly  witK  many  bodies.  Sometimes  it  is  contained  in  a  Tariable 
ratio,  as  in  <M^inary  solution ;  in  other  compounds  it  is  present  in  a  fixed 
definite  proportion,  as  is  ezeropfified  by  its  union  with  several  of  the  acids, 
the  alkaUes,  and  all  salts  that  contain  water  of  crystallisation.  These  coni« 
fainalions  are  termed  ktfdrate$.  Thus,  concentrated  sulphuric  acid  is  a  com- 
pound  of  one  equivalent  of  the  real  acid  and  one  equivalent  of  water ;  and 
Its  proper  name  is  hydrmts  gulpkurie  acid,  or  hydntie  of  mdjhuric  add. 
The  adjunct  hydro  has  been  sometimes  used  to  signify  the  presence  of  wa- 
ter in  definite  proportion ;  but  it  is  advisable,  to  prevent  mistakes,  to  limit 
its  employment  to  the  compounds  of  hydrogen. 

The  purest  water  which  can  be  ftumd  as  a  natural  product,  is  procured 
by  meltini^  freshly  faUen  snow,  or  by  receiving  rain  in  cuean  vessels  at  a  dis- 
tance from  houses.  But  this  water  is  not  absolutely  pure;  for  if  placed 
under  the  exhausted  receiver  of  an  air-pump,  or  boiled  briskly  for  a  few 
minutes,  bobbles  of  gas  escape  firom  it  The  air  obtained  in  this  way  from 
snow  water  is  much  richer  in  oxygen  gas  than  atmospheric  air.  According 
to  the  experiments  of  Gay-Lossac  and  Humboldt,  it  contains  34.8  per  cent 
of  oxygen,  and  the  air  separated  by  ebollltioB  fVom  rain  water  contains  32 
per  cent  of  that  gas.  All  water  which  has  once  fallen  on  the  ground  be- 
comes impregnated  with  more  or  less  earthy  or  saline  matters,  and  it  can 
be  separated  fiom  them  only  by  distillation.  The  distilled  water,  thus  ob- 
tained, and  preserved  in  clean  well-stopped  bottles,  is  absolutely  pure.  Re- 
cently boiled  water  has  the  property  of  absorbing'  a  portion  of  all  gases, 
when  its  sur&oe  is  in  contact  with  them ;  and  the  absorption  is  promoted 
by  brisk  agitation.  The  following  table,  from  l}t.  Henry's  Chemistry,  shows 
the  absorbability  of  difibrent  gases  by  water,  deprived  of  all  its  sir  by  ebul- 
lition. 

100  cubic  inches  of  such  water,  at  the  mean  temperature  and  pressure, 
absorb  of  ^ 

Sulphuretted  hydrogen 
Carbonic  acid 
Nitrous  acid 
Olefiant  gas 
Oxygen      . 
Carbonic  oxide 
Nitrogen  • 

Hydrogen 

The  estimate  of  Saussure  is  in  genera]  too  high.  That  of  Drs.  DaJton  and 
Benry  for  nitrous  oxide,  according  to  the  experiments  of  Sir  H.  Davy,  is 
considerably  beyond  the  truth. 

PEROXIDE  OF  HYDROGEN. 

The  binoxide  or  peroxide  of  hydrogen  was  discovered  by  Thenard  in  the 
vear  1818.  Before  describing  the  mode  of  preparing  tlus  compound,  it  most 
be  observed  that  there  are  two  oxides  of  barium ;  and  that  when  the  per- 
oxide of  that  metal  is  put  into  a  dilute  acid,  oxygen  gas  is  set  at  liberty,  and 
the  peroxide  is  converted  into  protoxide  of  barium  or  baryta,  which  com- 
bines with  the  acid.  When  this  process  is  conducted  with  the  necessary 
precautions,  the  oxygen  which  is  set  free,  instead  of  escaping  in  the  form  of 
gas,  unites  with  the  hydrogen  of  the  water,  and  brings  it  to  a  maximum  of 
ondation.    For  a  fiiH  detail  of  all  the  minutise  of  the  process,  the  reader  may 


Dalton  and  Henry. 

Saussure. 

100  cubic  inches. 

253  cubic  inches. 

lOU       • 

.     106 

100 

76 

13.5    . 

15.3 

.3.7 

6.5 

1.56    . 

6.2 

.     1.56         . 

.   4.1 

1.56    . 

4.6 
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cooflalt  the  ori^nal  memoir  of  Tbenard;*  the  generel  directicMM  mne  the  Ibl- 
lowing :— To  «x  or  eeTen  ounces  of  water  add  so  muoh  pare  oonceatovtod 
hydroohloric  acid  ai  is  wiffirient  to  dieeolve  390  grains  of  baryta ;  and  aAer 
haviflf  placed  the  mixed  fluids  in  a  glass  vessel  snrroanded  with  ice,  add  in 
suocessire  portions  185  grains  of  peroxide  of  barinm  reduced  to  powder,  and 
stir  with  aglass  rod  after  each  addition.  When  the  solution,  which  takes  place 
without  efirenresoence,  is  complete,  sulphuric  acid  is  added  in  sufficient  quan- 
tity for  precipitating  the  whole  of  the  baryta  in  the  form  of  an  insoluble  sul- 
phate, iMving  the  hydrochloric  acid  in  sdutioo.  Another  portion  of  per- 
oxide  of  barium,  amounting  to  185  grains,  is  then  put  into  the  liquid :  the 
free  hydrochloric  acid  instantly  acts  upon  it,  and  as  soon  as  it  is  dissolved, 
the  baryta  is  again  separated  as  a  sulphate  by  the  addition  of  sulphuric  acid. 
The  solution  is  then  filtered,  in  order  to  separate  the  insoluble  sulphate  of 
baryta ;  and  fresh  quantities  of  peroxide  of  barium  are  added  in  succeasion, 
till  about  three  ounces  have  been  employed.  The  liquid  then  contains  firoai 
S5  to  30  times  its  volume  of  oxygen  gas.  The  hydrochloric  acid  which  has 
served  to  decompose  the  peroxide  of  barium  during  the  whole  process,  is  now 
removed  by  the  cautious  addition  of  sulphate  of  oxide  of  silver,  and  the  sul* 
I^uric  acid  afterwards  separated  by  solid  baryta. 

Peroxide  of  hydrogen,  as  thus  prepared,  is  still  diluted  with  a  considera* 
ble  quantity  of  water.  To  separate  the  latter,  the  mixed  liouids  are  placed, 
with  a  vessel  of  strong  sulphuric  acid,  under  the  exhausted  receiver  of  an 
air-pump.  As  the  water  evaporates,  the  density  of  the  residue  increaaos, 
till  at  last  it  acquires  the  specific  gravity  of  1^452.  The  concentration  can- 
not be  pushed  further;  fiir  if  kept  under  the  receiver  after  reaching  this 
point,  the  peroxide  itself  gradoalW  hut  abwly  volatilises  without  change. 

Peroxide  of  hydrogen,  of  specinc  gravity  1.452,  is  a  oolourless  transparent 
liquid  without  odour.  It  whitens  Uie  surfime  of  the  skin  when  ap|Mied  to 
it,  causes  a  pricking  sensation,  and  even  destroys  its  texture  if  the  applica- 
tion be  long  continued.  It  acti  in  a  similar  manner  on  the  tongue;  in 
addition  to  which  it  thickens  the  saliva,  and  tastes  like  certain  metallic 
solutions.  Brought  into  contact  with  litmus  and  turmeric  paper,  it  gradually 
destroys  their  colour  and  makes  them  white.  It  is  slowly  volaolixed  in 
vaeu4>,  a  fact  which  shows  that  its  vapour  is  much  less  elastic  than  that  of 
water.  It  preserves  its  liquid  form  at  all  degrees  of  cold  to  which  it  hn 
hitherto  been  exposed.  At  the  temperature  of  59^  F.  it  is  decomposed, 
being  converted  into  water  and  oxygen  gas.  For  this  reason  it  ought  to 
be  preserved  in  glass  tubes  surround<xl  with  ice. 

The  most  remarkable  property  of  peroxide  of  hydrogen  is  its  fi»ility  of 
decomposition.  Diffused  daylight  does  not  seem  to  exert  any  influence 
over  it,  and  even  the  direct  solar  rays  act  upon  it  tardily.  It  eflbrvesces 
from  escape  of  oxygen  at  59^  F.,  and  the  sudden  application  of  a  higher 
temperature,  as  that  of  212^,  gives  rise  to  such  rapid  evolution  of  gas  as  to 
cause  an  explosion.  Water,  apparentiy  by  combining  with  the  peroxide, 
renders  it  more  permanent;  but  no  degree  of  dilution  can  enable  it  to  bear 
the  heat  of  boiKng  water,  at  which  temperature  it  is  entirely  decomposed* 
All  tbe  metals  except  iron,  tin,  antimony,  and  tellurium,  have  a  tendency  to 
decompose  the  peroxide  of  hydro^n,  converting  it  into  oxygen  and  water. 
A  state  of  minute  medianical  dmsion  is  essential  for  producing  rapid 
decomposition.  If  the  metal  is  in  mass,  and  the  peroxide  diluted  with 
water,  the  action  is  slow.  The  metals  which  have  a  strong  sffinity  £6t 
oxygen  are  oxidised  at  the  same  time,  such  as  potassium,  sodium,  arsemc, 
molybdenum,  manganese,  sine,  tungsten,  and  chromium ;  while  others, 
such  as  gold,  silver,  platinum,  iridium,  osmium,  rhodium,  palladium,  and 
mercury,  retain  the  metallic  state. 

Peroxide  of  hydrogen  is  decomposed  at  common  temperatures  by  many  of 

*  la  tiie  An.  dc  Cbim.  et  de  Phys.  voL  viiL  ix.  x.  and  1.;  Annals  of  Philo- 
Uy,  vol  xiii  and  xiv.;  and  M.  Thenard's  Trait*  deChimie. 
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the  metallie  oxides.  That  aoiiie  i»rdtozide8  sbould  hare  this  effect,  would  he 
enticipated  in  conseqaence  of  their  tendency  to  pus  into  a  higher  state  of 
oxidation.  The  protoxides  of  iron,  maacanese,  tin,  cobalt,  and  others,  act 
oo  this  princif^  and  are  really  conyerted  into  peroxides.  The  peroxides  of 
bariom,  strontiiun,  and  calcium  may  likewise  be  formed  by  the  action  of 
peroxide  of  hydrogen  on  baryta,  strontia,  and  lime.  Bat  it  is  a  singular 
Act,  and  I  am  not  aware  that  any  satisfactory  explanation  of  it  has  been 
pfifen,  thai  some  oxides  decompose  peroxide  of  hydroeen  without  passing 
mto  a  higher  degree  of  oxidation.  The  peroxides  of  lead,  mercury,  gold, 
platinum,  mvigmnese,  and  oolialt,  possess  this  property  in  the  greatest 
p^iection,  acting  on  peroxide  of  hydrogen,  when  concentrated,  with  sur- 
prisffig  energy.  The  decomposition  is  complete  and  instantaneous ;  oxygen 
gas  is  eTolv<^  so  rapidly  as  to  produce  a  kind  of  explosion,  and  such  intense 
temperature  is  excited,. that  the  glass  tube  in  which  the  experiment  is  con- 
ducted becomes  red-hoL  The  reaction  is  very  great  eren  when  the  per* 
oxide  of  hydrogen  is  dilated  with  water.  Oxide  of  silver  occasions  very 
perceptible  effervescence  when  put  into  water  which  contains  only  l-50th  of 
its  bulk  of  oxygen.  All  the  metallic  oxides,  which  are  decomposed  by  a 
red  heat,  sueh  as  those  of  sold,  platinum,  silver,  and  mercury,  are  reduced 
to  the  metallie  state  when  th^  act  upon  peroxide  of  hydrogen.  This  effect 
cannot  be  altogether  ascribed  to  heat  disengaged  during  the  action;  for 
oxide  of  silver  suffsrs  reduction  when  put  into  a  very  dilate  solution  of  the 
peroxide,  although  the  decomposition  is  not  then  attended  by  an  apprecia- 
Ue  rise  of  temperature. 

While  the  tendency  of  metals  and  metallic  oxides  is  to  decompose  the 
peroxide  of  h^drqgen,  acids  have  the  property  of  rendering  it  more  stable. 
In  proof  of  this,  let  a  portion  of  that  liquid,  somewhat  diluteid  with  water,  be 
heated  till  it  begins  to  effervesce  from  the  escape  of  oxvgen  gas ;  let  some 
■trooff  acid«  as  the  nitric,  sulphuric,  or  hydrochloric,  be  tnen  dropped  into  it, 
and  the  effervesoenoe  will  cease  on  the  instant  When  a  little  finely 
divided  gold  is  put  into  a  weak  solution  of  peroxide  of  hydrogen,  containing 
only  10, 20,  or  30  times  its  bulk  of  oxygen,  brisk  effervescence  ensues;  but 
on  letting  one  drop  of  sulpbnrie  add  fidl  into  it,  effervescence  ceases 
instantly;  it  is  reproduced  by  the  addition  of  potassa,  and  is  again  arrested 
by  adding  a  second  portion  of  acid.  The  only  acids  that  do  not  possess  this 
property  are  those  that  have  a  kiw  dep;Tee  of  acidity,  as  carbonic  and  boracio 
acids;  or  those  which  suffer  a  diemical  change  when  mixed  with  peroxide 
of  hydrogen,  such  as  hydriodic,  hydrosulphuric,  and  sulphurous  acids. 
Acids  appear  to  increase  the  stability  of  the  peroxide  in  the  same  way  as 
water  does,  namely,  by  combining  chemically  with  it  Several  compounds 
of  this  kind  were  formed  by  Thenard,  befi>re  he  was  aware  of  the  existence 
of  the  peroxide  of  hydrogen.  They  were  made  by  dissolving  peroxide  of 
barium  in  some  dilute  acid,  such  as  the  nitric,  and  then  precipitating  the 
bvyta  by  sulphuric  add.  As  nitric  add  was  supposed  under  these  circum- 
stances to  combine  with  an  additional  quantity  of  oxygen,  Thenard  applied 
the  term  oxygenized  nitric  add  to  the  resulting  compound,  and  described 
several  other  new  acids  under  a  similar  title.  But  the  subsequent  discovery 
of  peroxide  of  hydrogen  put  the  nature  of  the  oxygenized  acids  in  a^  dearer 
light;  fi>r  their  properties  are  easily  explicable  on  the  supposition  that  they 
are  composed,  not  of  adds  and  oxygen  gas,  but  of  acids  united  with  per- 
oxide  of  hydrogen. 

Peroxide  of  hydrogen  was  analyzed  by  diluting  a  known  weight  of  it 
with  water,  and  then  decompodng  it  by  boiling  the  solution.  According^  to 
two  careful  analysed,  conducted  on  this  principle,  864  parts  of  the  peroxide 
ftre  composed  of  466  of  water,  and  398  of  oxygen  gas.  The  466  of  water 
contain  414  of  oxygen,  whence  it  may  be  inferred  that  peroxide  of  hydrogen 
contains  twice  as  much  oxygen  as  water.  A  small  deficiency  of  oxygen  in 
this  experiment  was  to  be  expected,  owing  to  the  difficulty  of  obtaining 
peroxide  of  hydrogen  perfectly  free  from  water. 
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SECTION    V. 

NITROGEN. 

Tin  dxistence  of  nitrogen  gts,  u  diitinot  from  every  other  gaeeoas  sub. 
■tanoe,  appears  to  have  been  first  noticed  in  the  year  1773  by  the  late  Dr. 
Rutherford  of  Edinburgh.  Lavoisier  discovered  in  1775  that  it  is  a  eonstttn. 
ent  part  of  the  atmosphere ;  and  the  same  disoo^^y  was  made  soon  after,  or 
about  the  same  time,  by  Scheele.  Lavoisier  called  it  axote  from  «  jfrtoolive, 
and  (m»  life,  because  it  is  unable  to  support  the  respiration  of  animals;  but 
as  it  possesses  this  nejfative  property  in  common  with  most  other  gases,  the 
more  appropriate  term  nitrogen  him  been  since  applied  to  it,  from  the  eir> 
cumstance  of  its  being  an  essential  ingredient  of  nitric  acid. 

Nitrogen  is  most  conveniently  prepared  by  burning  a  piece  of  phosphorus 
in  a  jar  full  of  air  inverted  over  water.  The  strong  affinity  of  phoaphoras 
ibr  oxygen  enables  it  to  burn  till  the  whole  of  that  gas  is  consumed.  The 
product  of  the  combustion,  metaphoephoric  acid  is  at  first  diffused  through 
the  residue  in  the  form  of  a  white  cloud ;  but  as  this  substance  is  rapidiy 
absorbed  by  water,  it  disappears  entirely  in  the  course  of  half  an  hoar. 
The  residual  gas  is  nitrogen,  containing  a  small  quantity  of  carbonic  acid 
and  vapour  o?  phosphorus,  both  of  which  may  be  removed  by  agitating  it 
briskly  with  a  solution  of  pure  potassa.  Several  other  substances  may  be 
employed  for  withdrawing  oxygen  from  atmospheric  air.  A  solution  of 
protosulphate  of  iron,  charged  with  Unoxide  of  nitrogen,  absorbs  the 
oxygen  in  the  space  of  a  ftw  minutes.  A  stick  of  phosphorus  produces  the 
same  effect  in  twenty.four  hours,  if  exposed  to  a  temperature  of  6(^  F.  A 
solution  of  sulpburet  of  potassium  or  calchim  acts  in  a  similar  manner ;  and 
a  mixture  of  equal  parts  of  iron  filings  and  sulphur,  made  into  a  paste  with 
water,  may  be  employed  with  the  same  intention.  Both  these  processes, 
however,  are  inconvenient  fitim  their  slowness.  Nitrogen  gas  may  likewise 
be  obtained  by  exposing  a  mixture  of  fresh  musde  and  nitric  acid  of  speci- 
fic gravity  li20  to  a  moderate  temperature.  Efifervescence  then  takes 
place,  and  a  large  quantity  of  gaseous  matter  is  evolved,  which  is  nitrogen 
mixed  with  a  little  carbonic  acid.  The  latter  most  be  removed  by  agitation 
with  lime-water;  but  the  residue  still  retains  a  peculiar  odour,  indicative  of 
the  presence  of  some  volatile  principle  which  cannot  be  wholly  separated 
from  it  The  theory  of  this  process  is  somewhat  complex,  and  will  be  coa« 
sidered  more  conveniently  in  a  subsequent  part  of  the  work. 

Pure  nitrogen  is  a  colourless  gas,  wholly  devoid  of  smdl  and  taste.    It 
does  not  change  the  blue  colour  of  vegetables,  and  is  distinguished  finom 
other  gases  more  by  negative  characters  than  by  any  striking  quality.    It 
is  not  a  supporter  of  combustion;  but,  on  the  contrary,  extinguishes  all 
burning  bodies  that  are  Immersed  in  it    No  animal  can  live  in  it;  but  yet 
It  exerts  no  injanous  acUon  either  on  the  longs  or  on  the  system  at  large, 
the  privauon  of  oxygen  gas  being  the  sole  cause  of  death.    It  is  not  inflam- 
mable like  hydrogen;  though,  under  fiivourable  circnmsUnces,  it  may  be 
tTkfr  J,n  «"f1?*'^'*^  ''''yj^'^    W»*«''  ^»»«n  deprived  of  air  by  ebulUtion, 
mated  a^t  S^76  h" Vl^  *  ^^  ^'  «^«t  °^  ^^  ^^  «P«^*fic  if^^^y  is  estU 
Sve  adopt^(L757   "'^"«  ""**  Berzelius,  and  0.9722^  Dr?Thomson:   I 
oxllonT*     jfJnZ  ?^™^?.  ^"««tont  with  the  specifid'gravity  of  air  and 
^l^c^hSOAZVrZ:;''^''  ^''^  at  the  mean  temperature  ind  p.e«»i« 
Cooaiderable  doubt  e*i.«<  m  <-  .1.        .         »    .  .«        .  t    . 

•mcHitr  the  simple  n^.meWlte  tJ^  "'*""  '^  """«*"•  T"^.  """^ 
«i.»i.§on  that  U  i,  eom^^'f  i!l'!t.''«°?  .e'"?'^;^  "^f  ""^  *»  *• 
hr  sir  H.  Davu  .n.!  i^_  ••    '  '29  ''"•  oP'"""*  hM  been  wvmly  tdrocftted 

'  «mm<»iac«J  «L&    IS*  *^"  "*'"<'  ">•  fermuton  of  what  i.  ealM 
«""*•    '^"•m  the  metalUc  appearance  of  thia  aubrtance, 


it  mm  mppOMd  to  bet  oompomifi  ofmarcary  and  a  metal ;  and  aa  th«  only 
method  of  ibrmiDg  it  is  by  the  action  of  ipalvanism  on  a  salt  of  smmonia,  in 
eonCact  with  a  glofanle  of  mercury,  it  follows  that  the  metal,  if  present  at  all, 
must  have  been  supplied  by  the  ammonia.  Now  ammonia  is  composed  of 
hydrogen  nnd  nitrogen;  and  as  the  former,  from  its  small  specific  n^ravity, 
can  hardly  be  supposiBd  to  contain  a  metal,  it  was  inferred  that  it  must  be 
present  in  the  latter.  Unfortunately  for  this  argument,  the  supposed  metal 
cannot  be  obtained  in  a  separate  state.  The  amalgam  no  sooner  ceases  to 
be  onder  galvanic  influence  than  its  elements  begin  to  separate  spontaneous- 
ly,  and  in  a  few  minutes  decomposition  is  oomplete,  the  sole  products  baafg 
ammonia,  hy«lrogen,  and  pore  mercury.  Sir  H.  Davy  accounted  for  this 
change  on  the  suppQeition  that  water  is  decomposed ;  that  its  oxygen  repro^ 
duces  nilrogen  by  uniting  with  the  supposed  metal;  and  that  one  part  of  its 
hydrogen  forma  ammonia  by  uniting  with  the  nitrogen,  while  the  remainder 
escapes  in  the  ferm  of  pM,  Bat  Gay-Lussac  and  Thenard  (Recherchea 
Physico-Chimiqnes,  voL  i.)  declare  that  the  amalgam  resolves  itself  into 
mercury,  amnkonis,  and  hydrogen,  even  though  |Mrfeotly  free  from  mois. 
tare ;  and  they  infor  from  their  experiments  that  it  is  composed  of  thoss 
three  snbetancses  combined  directly  with  each  other.  It  hence  appears  that 
the  examination  of  the  ammoniacal  amalgam  affords  no  proof  of  the  com- 
poond  nature  of  nitrogen ;  nor  was  Sir  H.  Davy's  attempt  to  decompose  that 
gas  by  aid  of  potassiBm,  intensely  heated  by  a  galvanic  current,  attended 
w\&  better  success.  Benelins  baa  defended  the  idea  that  nitrogen  is  a 
eompoond  body  on  other  principles;  but  as  his  srguments,  though  very  in« 
genioos,  are  merely  speenlatiye,  they  cannot  be  admitted  as  decisive  of  the 
question. 

Chemists  are  not  agreed  about  the  equivalent  of  nitrogen.  In  this  (K>un* 
trv  14  is  commonly  ^pted;  bat  from  the  experiments  of  Bcrzelius,  with 
wbich  my  owa  observations  correspond  (Phil.  Trans.  1833),  14.15  is  a  better 
estimate.  The  eompoands  of  nitrogen  treated  of  in  thb  seciion  are  the 
following,  exclusive  of  atmospheric  air,  which  is  regarded  as  a  mechanical 
mixtoro- 


By  Velame. 

By  Weight. 

Nit       Oxy. 

Nit      Oxy.    Equiv. 

Symbols. 

Kitrons  oxide 

100    .      50 

14.15  +  8    »  23.15 

N  +  Oorl* 

Nitric  oxide 

100    .    100 

14.15 +  16  SB  30.15 

N+20orN 

Hyponitrous  acid 

100    .    150 

14.15+24  =  38.15 

N  +  30orS 

Nitrous  add 

100    .    900 

14.15+32  OB  46.15 

N  +  40or¥ 

Nitric  acid 

100    .    250 

14.15  +  40  =  54.15 

N  +  50oriJ: 

THE  ATMOSPHCatE. 

The  earth  is  everywhere  surrounded  by  a  mass  of  gaseous  matter  called 
the  atmosphere,  which  is  preserved  at  its  surface  by  the  force  of  gravity, 
and  revolves  together  with  it  around  the  sun.  It  is  colourless  and  invisible, 
excites  neither  taste  nor  smell  when  pore,  and  is  not  sensible  to  the  touch 
unless  when  it  is  in  motion.  It  possesses  the  physical  properties  of  elastic 
fluids  in  a  high  degree.  Its  specific  gravity  is  unity,  being  the  standard 
with  which  the  density  of  all  gaseous  substances  is  compared.  It  is  815 
times  lighter  tlian  water,  and  nearly  11065  tiroes  lighter  than  roercurj^. 
The  knowledge  of  iti  exact  weight  is  an  essential  element  in  many  physi- 
cal and  chemical  researches,  and  has  been  lately  determined  with  very  great 
care  by  Dr.  Proot.  According  to  his  observations  100  cubic  inches  of  pure 
and  dry  atmospheric  air,  at  60^^  F.  and  30  B.,  weigh  31.0117  grains. 

The  pressure  of  the  atmosphere  was  first  noticed  early  in  the  seventeenth 
century  by  Galiloo,  and  was  afterwards  demonstrated  by  his  pupil  Torricelli, 
to  whom  sdence  is  indebted  for  the  invention  of  the  barometer.    Its  pros- 
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tare  at  the  level  of  the  sea  is  equal  to  a  weight  of  about  15  pounds  on  every 
square  inch  of  sorfaee,  and  is  capable  of  supportin|^  a  oolumn  of  water  34 
feet  high,  and  one  of  mercury  of  30  inches;  that  is,  a  column  of  mercury 
one  inch  square  and  30  inches  loaf  has  the  same  weight  (nearly  15  pounds) 
as  a  oolumn  of  water  of  equal  base  and  34  feet  lonff,  and  as  a  column  of  air  of 
equal  base  reaching  firom  the  level  of  the  sea  to  the  extreme  limit  of  the  at- 
mosphere. By  the  use  of  the  barometer  it  was  discovered  that  the  atmo* 
spheric  pressure  is  variable.  It  varies  according  to  the  elevation  above  iha 
level  of  the  se^  and  on  this  principle  the  height  of  mountains  is  estimated. 
Supposing  the  density  of  the  atmosphere  to  be  uniform,  a  fidl  of  one  inch  in 
the  barometer  would  correspond  to  11065  inches,  or  923  feet  of  air ;  but  in 
order  to  make  the  calculation  with  accuracy,  allowance  must  be  made  fer 
the  increasing  rarity  of  the  air,  and  fbr  various  other  circumstances  whidi 
are  detailed  in  works  on  meteorology.  (DanielPs  Meteorological  Essays,  3d 
edit  376.)  From  causes  at  present  not  understood,  the  pressure  varies  like, 
wise  at  the  same  place.  On  this  depends  the  indications  of  the  barometer 
as  a  Weather-glass;  fer  observation  has  fully  proved,  that  the  weather  ia 
eommonly  fair  and  calm  when  the  barometer  Is  high,  and  usually  wet  and 
stormy  when  the  mercury  falls. 

Atmospheric  air  is  hl^ly  compressible  and  elastic,  so  that  its  particlef 
admit  of  being  approximated  to  a  great  extent  by  compression,  and  e^mnd 
to  an  extieme  degree  of  rarity,  when  the  tendency  of  its  particles  to  separate 
is  not  restrained  by  external  feroe.  It  has  been  found  experimentally  that 
the  volume  of  air  and  all  other  gaseous  fluids,  so  long  as  they  retsm  the 
elastic  state,  is  inversely  as  the  pressure  to  which  they  are  exposed.  Thus  a 
portion  of  air  which  occupies  100  measures  when  compressed  by  a  force  of 
one  pound,  will  be  diminished  to  50  measures  when  the  pressure  is  doubled, 
and  will  expand  to  300  measures  when  the  compression  is  equal  to  half  a 
pound.  This  law  was  first  demonstrated  in  1663  by  the  celebrated  Boyle, 
and  a  second  demonstration  of  it  was  given  some  years  afterwards  by  the  > 
French  philosopher  M.  Mariotte,  apparenUy  without  being  aware  thai  the 
discovery  had  been  previously  made  in  ffngland.  It  is  oenoe  frequently 
called  the  law  of  Mariotte.  Till  lately  it  had  not  been  verified  fbr  very 
ffreat  pressures;  but  firom  the  experimcnto  of  Oersted  in  1835,  who  extended 
his  observations  to  air  compressed  by  a  force  equal  to  110  atmospheres,  it 
may  be  inferred  to  be  quite  general,  except  when  the  gaseous  matter  as- 
sumes the  liquid  ferm.  (Edinburgh  Journal  of  Science,  iv.  334.)  It  has,  in- 
deed, been  recently  stated  by  M.  Despretz  that  the  easily  condensible  gases 
vary  from  this  law,  diminishing  under  increase  of  pressure  much  more 
rapidly  than  atmospheric  air ;  bat  the  details  of  his  experimente  have  not,  I 
believe,  been  published.*  (An.  de  Ch.  et  de  Ph.  xxxiv.  335  and  433.)  At 
what  pressure  air  becomes  liquid  is  uncertain,  since  all  attempte  to  condense 
'  it  have  hitherto  been  unsuccessful. 

The  extreme  compressibility  and  elasticity  of  the  air  account  fer  the  fa- 
cility with  which  it  is  set  in  motion,  and  the  velocity  with  which  it  is  capa- 
ble  of  moving.  It  is  subject  to  the  laws  which  characterize  elastic  fluids  in 
general.  It  presses,  therefore,  equally  on  every  side;  and  when  some  parte 
of  it  booome  lighter  than  the  surrounding  portions,  the  denser  particles  rush 
rapidly  into  their  place  and  force  the  more  rarified  ones  to  ascend.  The 
motion  of  air  gives  rise  to  various  familiar  phenomene.  A  stream  or  cur- 
rent of  air  is  wind,  and  an  undulating  vibration  excites  the  sensaticm  of 
sound. 

The  atmosphere  is  not  of  equal  density  at  all  ito  parte.  This  is  obvious 
from  the  consideration,  that  those  portions  which  are  next  the  earth  sustein 
the  whole  pressure  of  the  atmosphere,  while  the  higher  strate  bear  only  a 
part  The  atmospheric  column  diminishes  in  length  as  the  distance  mm 
the  earth's  surface  increases;  and,  consequently,  the  greater  the  elevation, 
the  lighter  must  be  the  air.    It  is  not  known  to  what  height  the  atmo- 

*  See  note,  page  53.— £<f. 
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sphere  extends.  From  calculations  founded  sn  the  phenomena  of  refraction, 
its  height  is  sapposed  to  be  about  45  miles ;  and  Dr.  Wollaston  eetimated, 
from  the  law  of  expansion  of  gases,  that  it  must  extend  to  at  least  40  miles 
with  properties  unimpaired  by  rarefaction.  In  speculating  on  its  extent  be- 
yond tliat  distance,  it  becomes  a  question  whether  the  atmosphere  is  or  is 
not  limited  to  the  earth.  This  subject  was  discussed  with  his  usual  sagacity 
by  the  late  Dr.  Wollaston  in  an  essay  on  the  Finite  Extent  of  the  Atmou 
sphere,  published  in  the  Philosophical  Transactions  for  1822.  On  the  sup- 
position  that  the  atmosphere  is  unlimited,  it  would  pervade  all  space,  and 
accumulate  about  the  sun,  moon,  and  planets,  forming  around  each  an  at- 
mosphere, the  density  of  which  would  depend  on  their  respective  forces  of 
attraction.  Now  Dr.  Wollaston  inferred  from  astronomical  observations 
made  by  himself  and  Captain  Kater,  that  there  is  no  solar  atmosphere ; 
and  the  observations  of  other  astronomers  appear  to  justify  the  same  infer- 
ence with  respect  to  the  planet  Japitcr.  If  the  accuracy  of  these  conclu- 
sions be  admitted,  it  follows  that  our  atmosphere  is  confined  to  the  earth; 
and  it  may  next  be  asked,  by  what  means  is  its  extent  limited  ?  Dr.  Wol- 
laston accounted  for  it  by  supposing  the  air,  afler  attaining  a  certain  degree 
of  rarefaction,  to  possess  such  feeble  elasticity,  that  the  tendency  of  its  par* 
tides  to  separate  further  from  each  other  is  counteracted  by  gravity.  The 
unknown  height  at  which  this  equilibrium  between  the  two  forces  of  elas- 
ticity and  gravitation  takes  place,  is  the  extreme  limit  of  the  atmosphere. 
The  loss  of  elasticity  may  be  ascribed  to  two  powerful  and  concurring 
causes;  namely,  to  the  distance  between  the  particles  of  air  when  highly  rare- 
fied, and  to  the  extreme  cold  which  prevails  in  the  higher  strata  of  the  at- 
mosphere. 

The  temperature  of  the  atmosphere  varies  witli  its  elevation.  Gaseous 
fluids  permit  radiant  matter  to  pass  freely  through  them  without  any  ab- 
sorption, and,  therefore,  without  their  temperature  being  influenced  by  its 
pa^ge.  The  atmosphere  is  not  heated  by  transmitting  the  rays  of  the 
snn,  but  receives  its  heat  solely  from  the  earth,  and  chiefly  by  actual  con- 
tact; so  that  its  temperature  becomes  progressively  lower,  as  the  distance 
from  the  general  mass  of  the  earth  increases.  Another  circumstance  which 
contributes  to  the  same  effect,  is  the  increasing  tenuity  of  the  atmosphere ; 
for  the  temperature  of  rarefied  air  is  less  raised  by  a  given  quantity  of  heat, 
than  that  of  the  same  portion  of  air  when  compressed,  owing  to  its  specific 
heat  being  greater  in  the  former  state  than  in  the  latter.  From  the  joint  in- 
fluence of  both  these  causes  it  is  found  that,  in  ascending  into  the  atmo- 
sphere, the  temperature  diminishes  at  the  rate  of  one  degree  for  about  every 
352  feet.  The  rate  of  decrease  is  probably  much  slower  at  considerable 
distances  from  the  earth ;  but  still  there  is  no  reason  to  doubt  that  the  tem- 
perature continues  to  decrease  with  the  increasing  elevation.  There  must 
consequently  in  every  latitude  be  a  point,  where  the  thermometer  never 
rises  above  32^,  and  where  ice  is  never  liquefied.  This  point  varies  with 
the  latitude,  being  highest  within  the  tropics  and  descending  gradually  as 
we  advance  towards  the  poles.  The  following  table,  from  the  Supplement 
to  the  Encyclopedia  Britannica,  pape  190,  article  Climate,  shows  the  point 
of  perpetual  ice  corresponding  to  different  latitudes. 


English  feet 

English  feet 

Latitude. 

in  height. 

Latitude. 

in  height. 

0« 

.       154^07 

45° 

.       7,671 

50      . 

15,095 

50O       . 

6,334 

lOo 

.       14,764 

550 

.       5,034 

150       . 

14,220 

60°      . 

3,818 

20O 

.       13,478 

65° 

.      2,722 

250       . 

12,557 

700      . 

1,778 

30O 

11,484 

750 

.      1,016 

350       . 

10,287 

8O0      . 

457 

40o 

9,001 

850 

117 

15 
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Air  was  one  of  the  four  elements  of  the  ancient  philosophers,  and  their 
opinion  of  its  nature  prevailed  (irenerallj,  till  its  accuracy  was  rendered  ques- 
tionable by  the  experiments  of  Boyle,  Hooke,  and  Mayoie.  The  discovery  of 
oxygen  gas  in  1774  paved  the  way  to  the  knowledge  of  its  real  composition, 
which  was  discovered  about  the  same  time  by  Scheclc  and  Lavoisier.  The 
ibrmer  exposed  some  atmospheric  air  to  a  solutiou  of  sulphuret  of  potassium, 
which  gradually  absorbed  the  whole  of  the  oxygen.  Lavoisier  effected  the 
same  object  by  the  combuftion  of  iron  wire  and  phosphorus. 

The  earlier  analyses  of  the  sir  did  not  agree  very  well  with  each  other. 
According  to  the  researches  of  Lavoisier,  it  is  composed  of  27  measures  of 
oxygen  and  73  of  nitrogen.  The  analysis  of  Schecle  gave  a  somewhat 
higher  proportion  of  oxygen.  Priestley  found  that  the  quantity  of  oxygen 
varies  from  20  to  25  per  cent;  and  Cavendish  estimated  it  only  at  20.  These 
discrepancies  must  have  arisen  from  imperfections  in  the  mode  of  analysis; 
for  the  proportion  of  oxygen  hns  been  found  by  subsequent  experiments  to 
be  almost,  if  not  exactly,  that  which  was  stated  by  Cavendish.  The  results  of 
Schecle  and  Priestley  arc  clearly  refcr^ible  to  this  cause.  It  is  now  known 
that  the  processes  they  employed  cannot  be  relied  on,  unless  certain  precau- 
tions are  taken  of  which  those  chemists  were  ignorant  Recently  boiled 
water  absorbs  nitrogen;  and,  consequently,  if  sulphuret  of  potassium  be 
dissolved  in  that  liquid  by  the  aid  of  heat,  the  solution,  when  agitated  with 
air,  takes  up  a  portion  of  nitrogen,  and  thereby  renders  the  apparent  absorp- 
tion of  oxygen  too  great  This  inconvenience  may  be  avoided  by  dissolving 
the  sulphuret  in  cold  unboiled  water.  The  binoxide  of  nitrogen,  employed 
by  Priestley,  removes  all  the  oxygen  in  the  course  of  a  few  seconds ;  but  for 
reasons  which  will  soon  be  mentioned,  its  indications  are  very  apt  to  be  ial. 
lacious.  The  combustion  of  phosphorus,  as  well  as  the  gradual  oxidation  of 
that  substance,  acts  in  a  very  uniform  manner,  and  removes  the  whole  of  the 
oxygen  completely.  The  residual  nitrog-en  contains  a  little  of  the  vapour  of 
phosphorus,  which  increases  the  bulk  of  that  gas  by  1.40th,  for  which  an  al- 
lowance must  be  made  in  estimating  the  real  quantity  of  nitrogen. 

Since  chemists  have  learned  Uic  precautions  to  be  taken  in  the  analysis  of 
the  air,  a  close  correspondence  has  been  observed  in  the  results  of  their  ex- 
periments  upon  it.  The  researches  of  Davy,  Dalton,  Gay-Lussac,  Thomson, 
and  others,  leave  no  doubt  that  100  measures  of  pure  atmospheric  air  con- 
sist of  20  or  21  volumes  of  oxygon,  and  80  or  79  of  nitrogen.  The  most  ap- 
proved mode  of  analysis  consists  in  mixing  with  the  air,  a  quantity  of  hydro- 
gen sufficient  to  convert  all  the  oxygen  present  into  water,  and  kmdling  the 
mixture  by  the  electric  spark.  The  combination  may  also  be  effected  with- 
out detonation  by  means  of  spongy  platinum.  Water  is  formed,  and  is  con- 
densed, and  since  that  liquid  is  composed  of  one  volume  of  oxygen  and  two 
of  hydrogen,  one-third  of  the  diminution  must  give  the  exact  quantity  of 
oxygen.  This  process  is  so  easy  of  execution,  and  so  uniform  in  its  indica- 
tions, that  it  is  now  employed  nearly  to  the  total  exclusion  of  all  others,* 

•  The  best  analyses  of  atmospheric  air  correspond  so  nearly  with  the  pro- 
portions of  two  volumes  of  nitrogen  to  half  a  volume  of  oxygen,  that  it 
seems  probable  that  these  proportions  (which  correspond  at  tlic  same  time 
with  tlie  theory  of  volumes)  would  be  obtained  exactly,  if  our  experiments 
could  be  performed  with  rigid  accuracy.  On  the  assumption  that  these  are 
the  true  proportions,  the  specific  gravity  of  oxygen  would  be  1.1111,  and  that 
of  nitrogen  0.9722;  numbers  which  correspond  very  nearly  with  those  con- 
tained in  the  table,  page  146  and  with  the  experimental  results  of  J^rzelius 
and  Dulong.  The  composition  of  atmospheric  air,  when  stated  in  volumes, 
gives  the  oxygen  at  20  per  cent,  as  mentioned  by  Dr.  Turner ;  and  yet  the 
usual  analyses  make  it  21  per  cent  This  discrepancy  will  probably  dtsap- 
pear  when  the  analysis  is  performed  with  more  accuracy.  Dr.  Hare  found 
that  the  average  of  a  great  number  of  analyses  of  atmospheric  air  performed 
by  explosion  with  hydrogen,  by  means  of  his  very  accurate  eudiometers, 
gave  the  proportion  of  oxygen  at  20.66  per  cent,  which  approaches  very 
nearly  to  the  quantity  indicated  by  the  theory  of  volumes. — Ed, 
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Sucli  is  the  constitution  of  pore  atmoepheric  air.  But  the  atmosphere  is 
ncyer  absolately  pure ;  for  it  always  contains  a  certain  variable  quantity  of 
carbonic  acid  and  watery  vapour,  besides  the  odoriferous  matter  of  flowers 
and  other  volatile  substances,,  which  are  also  frequently  present  Saussure 
found  carbonic  acid  in  air  collected  at  the  top  of  Mont-Blanc ;  and  it  exists 
at  all  altitudes  which  have  been  hitherto  attained.  Saussure  in  a  recent 
essay,  states  the  proportion  of  tliis  gas  to  vary  at  the  same  place  within 
short  intervals  of  time.  It  is  greater  in  summer  than  in  winter ;  and  from 
observations  made  during  spring,  summer,  and  autumn,  in  the  open  fields  and 
in  calm  weather,  its  proportion  is  inferred  to  be  always  greater  at  night  than 
in  the  day,  and  to  be  more  abundant  in  gloomy  than  in  bright  weather. 
A  very  moist  state  of  the  ground,  as  afler  much  rain,  diminishes  the  quan- 
tity of  carbonic  acid,  apparently  by  direct  absorption.  It  is  rather  more 
abundant  in  elevated  situations,  as  on  the  summits  of  high  mountains,  than 
in  the  plains ;  hot  its  quantity  is  there  nearly  the  same  in  day  and  night,  in 
wet  and  di^  weather,  because  the  higher  strata  of  the  air  are  less  influenced 
by  vegetation,  and  the  state  of  the  soil.  Saussure  thinks  also  that  a  highly 
electrical  state  of  the  atmosphere  tends  to  diminish  the  quantity  of  carl^nic 
acid.  He  found  that  10,000  parts  of  air  contain  4.9  of  carbonic  acid  as  « 
mean,  6J2  as  a  maximum,  and  3.7  as  a  minimum.  (An.  de  Ch.  et  de  Ph. 
xxxviii.  411.  xliv.  5.) 

The  chief  chemical  properties  of  the  atmosphere  are  owing  to  the  presence 
of  oxygen  gas.  Air  from  which  tliis  principle  has  been  withdrawn  is  nearly 
inert.  It  can  no  longer  support  respiration  and  combostion,  and  metals  artt 
not  oxidized  by  being  heated  in  it.  Most  of  the  spontaneous  changes  which 
mineral  and  dead  organized  matters  undergo,  are  owing  to  the  powerful 
aflinities  of  oxygen.  The  uses  of  the  nitrogen  are  in  a  great  measure  un- 
known. It  was  supposed  to  act  as  a  mere  diluent  to  the  oxygen ;  but  it 
most  probably  serves  some  useful  purpose  in  the  economy  of  animals,  the 
exact  nature  of  which  has  not  been  discovered. 

The  knowledge  of  the  composition  of  the  air,  and  of  the  importance  of 
oxygen  to  the  life  of  animals,  naturally  gave  rise  to  the  notion  that  the 
healthiness  of  the  air,  at  different  times,  and  in  different  places,  depends  on 
the  relative  quantity  of  this  gas.  It  was,  therefore,  supposed  that  the  purity 
of  the  atmosphere,  or  its  fitness  for  communicating  health  and  vigour,  might  ^ 
be  discovered  by  determining  the  proportion  of  oxygen ;  and  hence  the  ori- 
gin of  the  term  Eudiometer,  which  was  applied  to  the  apparatus  for  analyz- 
ing  the  air.  But  this  opinion,  though  at  first  supported  by  the  discordant 
results  of  the  earlier  analysts,  was  soon  proved  to  be  fallacious.  It  appears, 
on  the  contrary,  that  the  composition  of  the  air  is  n<)t  only  constant  in  the 
same  place,  but  is  the  same  in  all  regions  of  the  earth,  and  at  all  altitudes. 
Air  collected  at  the  summit  of  the  highest  mountains,  such  as  Mont-Blane 
and  Chimborazo,  contains  the  same  proportion  of  oxygen  as  that  of  the  lowest 
valleys.  The  air  of  Egypt  was  found  by  Berthollet  to  be  similar  to  that  of 
France.  Tlie  air  which  Gay-Lussac  brought  from  an  altitude  of  21,735  feet 
above  the  earth,  had  the  same  composition  as  that  collected  at  a  short  dis. 
tance  from  its  surface.  Even  the  miasmata  of  marshes,  and  the  effluvia  of 
infected  places,  owe  their  noxious  qualities  to  some  principle  of  too  subtile  a 
nature  to  be  detected  by  chemical  means,  and  not  to  a  deficiency  of  oxygen. 
Seguin  examined  the  infectious  atmosphere  of  an  hospital,  the  odour  of 
which  was  almost  intolerable,  and  could  discover  no  appreciable  deficiency 
of  oxygen,  or  other  peculiarity  of  composition. 

The  question  has  been  much  discussed  whether  the  oxygen  and  nitrogen 
gases  of  the  atmosphere  are  simply  intermixed,  or  chemically  combined 
with  each  other.  Appearances  arc  at  first  view  greatly  in  favour  of  the  lat- 
ter opinion.  Oxygen  and  nitrogen  gases  differ  in  density,  and,  therefore,  it 
might  be  expected,  were  they  merely  mixed  together,  that  the  oxygen  as  the 
heavier  gas  ought,  in  obedience  to  the  force  of  gravity,  to  collect  in  the 
lower  regions  of  the  air ;  while  the  nitrogen  should  have  a  tendency  to  oo- 
eupy  the  higher.  But  this  has  nowhere  been  observed.    If  air  be  confined  in 
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a  longr  tube,  prenerved  at  perfect  rest,  its  upper  part  will  contain  just  as 
much  oxygen  as  the  lower,  even  after  an  interval  of  inan^  months ;  nay,  if 
the  lower  part  of  it  be  filled  with  oxy^n,  and  the  upper  with  nitrogen,  these 
gases  will  be  found  in  the  course  of  a  few  hours  to  have  mixed  intimately 
with  one  another.  The  constituents  of  the  air  are,  also,  in  the  exact  pro- 
portion for  combining.  By  measure  they  are  nearly  in  the  simple  ratio  of  1 
to  4,  which  agrees  with  the  law  of  combination  by  volume ;  and  by  weight 
they  are  as  8Ho  28.30,  which  corresponds  to  one  equivalent  of  oxygen  and 
two  of  nitrogen. 

Strong  as  are  these  arguments  in  favour  of  the  chemical  tlieory,  it  is 
nevertheless  liable  to  objections  which  appear  insuperable.  The  atmosphere 
possesses  all  the  characters  that  should  arise  from  a  mechanical  mixture. 
There  is  not,  as  in  all  other  cases  of  chemical  union,  any  change  in  the 
bulk,  form,  or  other  qualities  of  its  elements.  The  nitrogen  manifests  no  at- 
traction  for  the  oxygen.  All  bodies  which  have  an  affinity  for  oxygen  ab- 
stract  it  from  the  atmosphere  with  as  much  facility  as  if  the  nitrogen  were 
absent  altogether.  Even  water  effects  this  separation ;  for  the  air  which  is 
expelled  from  rain  water  by  ebullition,  contains  more  than  21  per  cent  of 
exygen.  When  oxygen  and  nitrogen  gases  arc  mixed  together  in  the  ratio 
of  1  to  4,  the  mixture  occupies  precisely  5  volumes,  and  has  every  property 
of  pure  atmospheric  air.  The  refractive  power  of  the  atmosphere  is  pre- 
cisely such  as  a  mixture  of  oxygen  and  nitrogen  gases  ought  to  possess ; 
and  different  from  what  would  be  expected  were  its  elements  chemically 
united.  (ESdinburgh  Journal  of  Science,  iv.  211.) 

Since  tlic  elements  of  the  air  cannot  be  regarded  as  in  a  state  of  actual 
combination,  it  is  necessary  to  account  for  the  steadiness  of  their  proportion 
on  some  other  principle.  It  has  been  conceived  that  the  affinity  of  oxygen 
and  nitrogen  for  one  another,  though  insufficient  to  cause  their  combination 
when  mixed  together  at  ordinary  temperatures,  might  still  operate  in  such  a 
manner  as  to  prevent  their  separation ;  that  a  certain  degree  of  attraction  is 
even  then  exerted  between  them,  which  is  able  to  counteract  the  tendency  of 
gravity.  An  opinion  of  Oils  kind  was  advanced  by  Berthollet,  in  his 
Statique  Ckimique^  and  defended  by  the  late  Pr.  Murray.  This  doctrine, 
however,  is  not  satis&ctory.  It  is,  indeed,  quite  conceivable  that  oxygen 
and  nitrogen  may  attract  each  other  in  the  way  supposed ;  and  it  may  be 
admitted  that^  this  supposition  explains  why  these  two  gases  continue  in  a 
state  of  perfect  mixture.  But  still  the  explanation  is  unsatis&ctory ;  and 
for  the  following  reason  : — Dalton  took  two  cylindrical  vessels,  one  of  which 
was  filled  with  carbonic  acid,  the  other  with  hydrogen  gas ;  the  latter  was 
placed  perpendicularly  over  the  other,  and  a  communication  was  established 
between  them.  In  the  course  of  a  few  hours  hydrogen  was  detected  in  the 
lower  vessel,  and  carbonic  acid  gas  in  the  upper.  If  the  upper  vessel  be 
filled  with  oxygen,  nitrogen,  or  any  other  gas,  the  same  phenomena  will 
ensue ;  the  erases  will  be  found,  after  a  short  interval,  to  be  in  a  state  of 
mixture,  and  will  ut  last  be  distributed  equally  tlirough  both  vessels.  Now 
this  result  cannot  be  ascribed  to  the  action  of  affinity.  Carbonic  acid  cannot 
be  made  to  unite  either  with  hydrogen,  oxygen,  or  nitrogen ;  and,  therefore, 
it  is  gratuitous  to  assert  that  it  has  an  affinity  fbr  them.  Some  other  power 
must  be  in  operation,  capable  of  producing  the  mixture  of  gases  with  each 
other,  independently  of  chemical  attraction ;  and  if  tliis  power  can  cause 
carbonic  acid  to  ascend  through  a  gas  which  is  twenty-two  times  lighter 
than  itself,  it  will  surely  explain  why  oxygen  and  nitrogen  gases,  the 
densities  of  which  diflfbr  so  little,  should  be  intermingled  in  the  atmosphere. 

The  explanation  which  Dalton  has  given  of  these  phenomena  is  founded 
on  the  assumption,  that  the  particles  of  one  gas,  though  highly  repulsive  to 
each  other,  do  not  repel  those  of  a  different  kind.  It  follows,  from  this 
supposition,  that  one  gas  acts  as  a  vacuum  with  respect  to  another ;  and, 
therefore,  if  a  vessel  full  of  carbonic  acid  be  made  to  communicate  with 
another  of  hydrogen,  the  particles  of  each  gas  insinuate  themselves  between 
the  particles  of  the  other,  till  they  are  equally  difiTused  through  both  vessels. 
The  particles  of  the  carbonic  acid  do  not  indeed  fiU  the  space  occupied  by 
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the  bydrogMi  with  the  same  Telocity  as  if  it  were  a  resl  TBCuum,  because 
the  particles  of  the  hydro|greD  afford  a  raechanical  impediment  to  their  pro^ 
mas.  The  ultimate  effect,  however,  is  the  same  as  if  the  Teasel  of  hydrogen 
had  been  a  vacuum.  (Manchester  Memoirs,  vol.  v.) 

Though  it  would  not  be  di£Bcalt  to  find  objections  to  this  hypothesis,  it 
has  the  merit  of  being  applicable  to  every  possible  case ;  which  cannot,  1 
conceive,  be  admitted  of  the  other.  It  accounts  not  only  for  the  mixture  of 
gases,  but  for  the  equable  diffusion  of  vapours  through  gases,  and  through 
each  other.  This  view  receives  support  from  the  experiments  of  Air. 
Graham  of  Glasgow  on  the  diffusion  of  gases.  (Phil.  Trans.  Edin.  1831.) 
When  a  gas  is  contained  in  a  glass  bell  jar  which  has  a  crack  or  fissure  in 
its  sides,  or  communicates  with  the  air  by  a  narrow  aperture,  or  is  contained 
in  a  porous  vessel,  the  gas  gradually  diffuses  itself  into  the  air,  and  air  into 
the  gas,  each  passing  through  the  chink  or  other  small  opening  at  the  same 
time,  but  in  opposite  directions.  On  ascertaining  after  an  interval  how 
much  gas  has  escaped  from,  and  how  much  air  entered  into,  the  vessel,  it 
will  be  found  that  the  respective  quantities  depend  on  the  relative  densities; 
and  the  same  principle  of  intermixture  equally  applies  when  the  apertures  of 
eommunication  are  large,  as  when  they  are  small.  Each  gas  has  a  dif> 
ibsiveness  peculiar  to  itself,  and  which  is  greater  as  its  density  is  less.  Mr. 
Graham  determined  the  rate  of  diffusion  for  different  gases  by  means  of 
what  he  calls  a  diffution  tube,  which  is  simply  a  graduated  tube  closed  at 
one  end  b^  plaster  of  Paris,  a  substance,  when  moderately  dry,  possessed  of 
the  requisite  porosity.  He  has  been  led  by  direct  experiment  to  the  follow- 
ing conclusion, — ^that  ''the  diffusion  or  spontaneous  intermixture  of  two 
gaiies  in  contact,  is  effected  by  an  interchange  in  position  of  indefinitely 
small  volumes  of  the  gases,  which  volumes  are  not  necessarily  of  equal 
magnitude,  being,  in  the  case  of  each  g^as,  inversely  proportional  to  the  square 
root  of  the  density  of  that  gas.**  The  relative  diffusiveness  of  each  gas  may 
hence  be  represented  by  the  reciprocal  of  the  square  root  of  its  density.  Thus, 
the  density  of  air  being  1,  its  difiusiveness  is  1  also;  that  of  hydrogen  is 

J^=  =n^  =  3-807;  that  of  oxygen      -L==s-4l  =  0.9524; 
%/0.069      0.2627  ^«      vTIOQ     105 

and  that  of  nitrogen      _■        =sl.014 ; 

so  that  the  relative  power  of  diffusion  of  air,  hydroffen,  oxygen,  and  nitro* 
gen,  is  indicated  by  the  numbers,  1,  3.807,  0.9524  and  1.014.  In  mo§ 
which  are  very  sparingly  solnble  in  water,  and  hence  not  condensible  by 
the  moisture  of  the  plaster  of  Paris,  the  results  of  experiment  coincide  so 
exactly  with  the  law,  that  Mr.  Graham  suggests ,  its  application  to  deter- 
mine the  density  of  gases.  Thus  if  g  denote  tlie  diffusiveness  of  a  gas,  as 
found  by  carefbl  experiment,  and  d  its  density ;  then  smce,  by  the  law  of 
diffusion, 

r=— 7^  we  have  o=— - 

It  is  obvious  that  these  phenomena  cannot  be  referred  to  any  chemical 
principle,  but  are  dependent  on  the  mechanical  constitution  of  gases.  It  has 
been  lately  shown  in  a  very  clever  paper  by  Mr.  Thomas  Thomson  of 
Clitheroe  (Phil.  Mag.  3rd  Series,  iv.  321),  that  the  law  of  gaseous  diffusion 
is  included  under  Dalton*s  hypothesis,  that  one  gas  is  as  a  vacuum  with 
respect  to  another.  For  it  is  a  law  deduced  from  the  physical  properties  of 
j^aseous  bodies,  that  the  velocities  of  gases  flowing  under  like  circumstances 
mto  a  vacuum  are  inversely  as  the  square  roots  of  their  densities,  which  is 
precisely  the  same  law  that  regulates  their  flow  into  each  other.  * 

♦  As  connected  with  this  subject,  the  reader  is  referred  to  an  important 
paper  on  the  <«  Penetrativeness  of  Fluids,"  by  Dr.  J.  K.  Mitchell,  of  Phila- 
delphia, published  in  the  American  Journal  of  Medical  Sciences  vol  viL 
p.  3&— £<f.  15* 
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There  is  still  one  cironmstanoe  for  oon^ideration  respecting  the  atmo^ 
sphere.  Since  oxygen  is  necessary  to  combostion,  to  the  respiration  of  ani- 
mals,  and  to  various  other  natural  operations,  by  all  of  which  that  gas  is  with- 
drawn  from  the  air,  it  is  obvious  that  it^  quantity  would  gradually  diminish, 
unless  the  tendency  of  those  causes  were  counteracted  by  some  compensating 
process.  To  all  appearance  there  does  exist  some  source  of  compensation ;  ibr 
chemists  have  not  hitherto  noticed  any  change  in  the  constitution  of  the 
atmosphere*  The  only  source  by  which  oxygen  is  known  to  be  supplied,  is 
the  action  of  growing  vegetables.  A  healthy  plant  absorbs  carbonic  acid 
during  the  day,  appropriates  the  carbonaceous  part  of  that  ra  to  its  own 
wants,  and  evolves  the  oxygen  with  which  it  was  combined.  During  the 
night,  indeed,  an  opposite  effect  is  produced.  Oxygen  gas  then  disappears, 
and  carbonic  acid  is  eliminated;  but  it  follows  from  the  experiments  of 
Priestley,  Davy,  and  Dr.  Daubeny,  that  plants  during  24  hours  yield  more 
oxygen  Uian  they  consume.  Whether  livin^r  vegetables  make  a  full  com- 
pensation for  the  oxygen  removed  from  the  air  by  the  processes  above  men- 
tioned  is  unoertaiiu  From  the  great  extent  of  the  atmosphere,  and  the 
continual  agitation  to  which  its  different  parts  are  subject  by  the  action  of 
winds,  the  effects  of  any  deteriorating  process  would  be  very  gradual,  and  a 
change  in  the  proportion  of  its  elements  could  be  perceived  only  by  observa- 
tions made  at  very  distant  intervals. 


PROTOXIDE  OF  NITROGEN. 

This  gas  was  discovered  by  Priestley,  who  gave  it  the  name  of  dephlogUli- 
voted  niiroue  air.  Sir  H.  Davy  called  it  nitrous  oxide*  According  to  the 
principles  of  chemical  nomenclature,  its  proper  appellation  is  prot&xide  of 
niirogen.  It  may  be  formed  by  exposing  nitric  oxide  for  some  days  to  the 
action  of  iron  filings,  or  other  substances  which  have  a  strong  affinity  for 
oxygen,  when  the  nitric  oxide  loses  one-half  of  its  oxygen,  and  is  converted 
into  the  protoxide.  But  the  most  convenient  method  of  procuring  it  is  bv 
means  of  nitrate  of  ammonia.  This  salt  is  prepared  by  neutralizing  witn 
carbonate  of  ammonia  pure  nitric  acid  diluted  with  about  three  parts  of 
water,  and  concentrating  by  evaporation  until  a  drop  of  the  Uquid  let  fall  on 
a  cold  plate  becomes  a  firm  mass,  adding  a  little  ammonia  towards  the  clow 
to  ensure  neutrality.  The  salt  afler  cooling  is  broken  to  pieces,  introduced 
into  a  retort,  and  heated  by  a  lamp  or  pan  of  charcoal :  at  first,  below  400^, 
fusion  ensues ;  and  as  the  beat  rises  to  480°  or  500°  rapid  decomposition 
sets  in,  which  continues  nintil  all  the  salt  disappears.  If  a  white  cloud 
appears  within  the  retort,  due  to  some  of  the  salt  subliming  undecomposed, 
the  heat  should  be  checked. 

The  sole  products  of  this  operation,  when  carefully  conducted,  are  water 
and  protoxide  of  nitrogen.  The  nature  of  the  change  will  be  readily  under- 
stood  by  comparing  the  composition  of  nitrate  of  ammonia  with  that  of  the 
products  derived  from  it.    These,  in  round  numbers,  are  as  follows : — 


Nitric  Acid.  Ammonia. 

Nitrogen  14  or  1  eq.    Nitrogen  14  or  1  eq. 
Oxygen    40  or  5  eq.    Hydrogen  3  or  3  eq. 


Water.  Prot.  of  Nitrogen. 

Hyd.  3or3eq.  Nit.  98orSeq. 

Oxy.  S4  or  3  eq.  Oiy.  1»  or  2  eq. 

37  44 


54  17 

The  same  expressed  in  symbols  is 

N+50;  N+3H;  |         3(H-fO);  2(N.fO). 

It  thus  appears  that  the  hydrogen  in  the  ammonia  takes  so  much  oxygen 
as  is  sufficient  for  forming  water,  and  the  residual  oxygen  converts  the  ni- 
trogen both  of  the  nitric  acid  and  of  the  ammonia  into  protoxide  of  nitro- 
gen :  71  grains  of  the  salt  will  thus  yield  44  grains  of  protoxide  of  nitrogen 
and  27  of  water. 

Protoxide  of  nitrogen  is  a  colourless  ns,  which  does  not  affect  the  blue 
vegetable  colours,  even  when  mixed  with  atmospheric  air.    Recently  boiled 


NITAOOKJr.  175 

water,  which  has  cooled  without  exposure  to  the  air,  absorbs  nearly  its  own 
balk  of  it  at  60^  F.  and  gives  it  out  again  unchanged  by  boiling.  The  solu^ 
tion,  like  the  gas  itself^  has  a  iaint  agreeable  odour  and  sweet  taste.  The  ac- 
tion of  water  upon  it  affords  a  ready  means  of  testing  its  purity  ;  removing 
it  readily  from  all  other  gases,  such  as  oxygen  and  nitrogen,  which  are 
glaringly  absorbed  by  that  liquid.  For  the  same  reason  it  cannot  be  pre- 
served over  cold  water ;  but  should  be  collected  either  over  hot  water  or 
mercury. 

Protoxide  of  nitrogen  is  a  supporter  of  combustion.  Most  substances 
bum  in  it  with  far  greater  energy  than  in  the  atmosphere.  When  a  recently 
extinguished  candle  with  a  very  red  wick  is  introduced  into  it,  the  flame  is 
instantly  restored.  Phosphorus,  if  previously  kindled,  bums  in  it  with  great 
brilliancy.  Sulphur,  when  burning  feebly,  is  extinguished  by  it ;  but  if  im- 
mersed while  the  oombustion  is  lively,  the  size  of  the  flame  is  considerably 
increased.  With  an  equal  bulk  of  hydrogen  it  forms  a  mixture  which  ex- 
plodes violently  by  the  electric  spark  or  by  flame.  In  all  these  cases,  the  pro- 
duct of  combustion  is  the  same  as  when  oxygen  gai  or  atmospheric  air  is 
used.  The  protoxide  is  decomposed ;  the  combustule  matter  unites  with  its 
oxygen,  and  the  nitrogen  is  set  free.  Protoxide  of  nitrogen  suffers  decom- 
position when  a  succession  of  electric  sparks  is  passed  through  it,  and  a 
similar  effect  is  caused  by  conducting  it  through  a  porcelain  tuba  heated  to 
incandescence.  It  is  resolved,  in  bom  instances,  into  nitrogen,  oxygen,  and 
nitrous  acid. 

Sir  H.  Davy  discovered  that  protoxide  of  nitrogen  may  be  taken  into  the 
lungs  with  safety,  and  that  it  supports  respiration  for  a  few  minutes.  He 
breathed  nine  quarts  of  it,  contained  in  a  silk  bag,  ibr  three  minutes,  and 
12  quarts  for  rather  more  than  four ;  but  no  quantity  could  enable  him  to 
bear  the  priyation  of  atmospheric  air  for  a  longer  period.  Its  action  on  the 
system,  when  inspired,  is  very  remarkable.  A  few  deep  inspirations  are 
followed  by  most  agreeable  feelings  of  excitement,  similar  to  the  earlier 
stages  of  intoxication.  This  is  shown  by  a  strong  propensity  to  laughter, 
by  a  rapid  flow  of  vivid  ideas,  and  an  unusual  disposition  to  muscular  exer- 
tion. These  feelings,  however,  soon  subside ;  and  the  person  returns  to  his 
usual  state  without  experiencing  the  languor  or  depression  which  so  univer- 
sally follows  intoxication  from  spirituous  liquors.  Its  effects,  however,  on 
different  persons  ore  various;  and  in  individuals  of  a  plethoric  habit,  it 
sometimes  produces  giddiness,  headacb,  and  other  disagreeable  symptoms. 
(Researches  on  the  Nitrous  Oxide.) 

Protoxide  of  nitrogen  was  analyzed  by  Sir  H.  Davy  by  means  of  hydro- 
gen gas.  He  mixed  39  measures  of  the  former  with  40  measures  of  hydro- 
gen, and  fired  the  mixture  by  the  electric  spark.  Water  was  formed  ;  and 
the  residual  gas,  which  amounted  to  41  measures,  had  the  properties  of  pore 
nitrogen.  As  40  measures  of  hydrogen  require  20  of  oxygen  for  combus- 
tion, it  follows  that  39  volumes  of  Uie  protoxide  of  nitrogen  contain  41  of 
nitrogen  and  20  of  oxygen.  But  since  no  exception  has  hitherto  been  found 
to  Gay-Lussac's  law  of  gaseous  combination,  it  may  be  inferred  that  protoxide 
of  nitrogen  contains  its  own  bulk  of  nitrogen  and  half  its  volume  of  oxygen. 
The  analysis  of  this  compound  by  Dr.Henry,  (Annals  of  Phil.  viii.  299,  N.  S.) 
performed  by  means  of  carbonic  oxide  gas,  has  proved  beyond  a  doubt  that 
this  is  the  exact  proportion.    Now, 

100  cubic  inches  of  nitrogen  gas  weigh        .  30.1650  grains. 

50        do.  oxygen      ....        17.0936 

These  numbers  added  together  amount  to        .  47.2586 

which  must  be  the  weight  of  100  cubic  inches  of  the  protoxide ;  and  iU  spe- 
cific gravity  is,  therefore,  1.5239.  Its  composition  by  weight  is  determined 
by  the  same  data,  being  17.0936  of  oxygen  to  30.1650  of  nitrogen,  or  as  8 
to  14.12,  nearly  the  number  already  stated.  (Page  167) 
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filNOXIDE  OF  NITROGEN. 


Thifl  compound  is  best  obtained  bj  the  action  of  nitric  acid,  of  apecific 
gTAviiy  li2,  on  metallic  copper.  Brisk  efforvesoenoe  takes  place  withoat  the 
aid  of  heat,  and  the  gas  may  be  collected  over  water  or  mercury.  The  cop. 
per  gradually  disappears  during  the  process;  the  liquid  acquires  a  beaotifbl 
blue  colour,  and  yields  on  evaporation  a  salt  which  is  composed  of  nitric 
acid  and  oxide  of  copper.  The  chemical  changes  that  occur  are  tho  follow, 
ing. — One  portion  of  nitric  acid  suffers  decomposition :  part  of  its  oxygen 
oxidizes  the  copper ;  while  another  part  is  retained  by  tho  nitrogen  of  the 
nitric  acid,  fi>nning  binuxide  of  nitrogen.  The  oxide  of  copper  attaches 
itself  to  some  undecompoeed  nitric  acid,  and  forms  the  blue  nitrate  of  cop- 
per. Many  other  metals  are  oxidized  by  nitric  acid,  with  disengagement  of 
a  similai  compound ;  but  none,  mercury  excepted,  yields  so  pure  a  gas  as 
copper. 

The  gas  derived  from  this  source  was  discovered  by  Dr.  Hales.  It  was 
first  carefully  studied  by  Priestley,  who  called  it  nitrens  airn  The  terms 
nitrouB  gu9  and  nitric  oxide  are  frequently  applied  to  it ;  but  hinoride  of  us* 
tn^en^  as  indicative  of  its  nature,  is  the  most  suitable  appellaticm. 

Binozide  of  nitrogen  is  a  colourless  ^ras.  When  mixed  with  atmospheric 
air,  or  any  gaseous  mixture  that  contams  oxygen  in  an  uncombined  state, 
dense,  suffocating,  acid  vapours,  of  a  red  or  orange  colour,  are  produced, 
called  nitrous  acid  vapours ;  which  are  copiously  absorbed  by  water,  and 
communicate  acidity  to  it  This  character  serves  to  distinguish  thebinoxide 
from  every  other  substance,  and  affords  a  convenient  test  of  the  presence  of 
free  oxygen.  Though  it  gives  rise  to  an  acid  by  combining  with  oxygen, 
binoxide  of  nitrogen  itself  does  not  redden  the  blue  colour  of  vegetables;  but 
ibr  this  experiment,  the  gas  must  be  previously  well  washed  with  water  to 
separate  all  traces  of  nitrous  acid.  Water  alMorbs  the  binoxide  sparingly  ;— 
lOiO  measures  of  that  liquid,  cold  and  recently  boiled,  take  up  about  11  of 
the  gas. 

Very  few  inflammable  substances  burn  in  binoxide  of  nitrogen.  Burning 
sulphur  and  a  lighted  candle  are  instantly  extinguished  by  it.  Charcoal  and 
phospliorus,  however,  if  in  a  state  of  vivid  combustion  at  the  moment  of  be- 
ing immersed  in  it,  burn  with  increased  brilliancy.  The  product  of  the 
combustion  \9  carbonic  acid  in  tlie  former  case,  and  metaphosphoric  acid  in 
the  latter,  nitrogen  being  separated  in  both  instances.  With  an  equal  bulk 
of  hydrogen,  it  forms  a  mixture  which  cannot  be  made  to  explode,  but  which 
is  kindled  by  contact  witli  a  lighted  candle,  and  burns  rapidly  with  a  green- 
ish-white  flame,  water  and  pure  nitrogen  gas  being  the  sole  products.  The 
action  of  freshly  ignited  spongy  platinum  on  a  mixture  of  hydrogen  and 
binoxide  of  nitrogen  gases  leads  to  the  slow  production  of  water  and  am- 
monia. 

Binoxide  of  nitrogen  is  quite  irrespirable,  exciting  strong  spasm  of  the 
glottis,  as  soon  as  an  attempt  is  made  to  inhale  it  The  experiment,  how- 
ever, is  a  dangerous  one;  for  if  the  gas  did  reach  the  lungs,  it  would  there 
mix  with  atmospheric  air,  and  be  converted  into  nitrous  acid  vapours,  which 
are  highly  irritating  and  corrosive. 

Binoxide  of  nitrogen  is  partially  resolved  into  its  elements  by  being  passed 
through  red-hot  tubes.  A  succession  of  electric  sparks  has  a  similar  efiect 
It  is  converted  into  protoxide  of  nitrogen  by  substances  which  have  a  strong 
affinity  for  oxygen,  such  as  moist  iron  filings,  and  a  solution  of  sulphuret 
of  potassium.  Sir  H.  Davy  ascertained  its  composition  by  the  combustion 
of  charcoal.  (Elements  of  Chemical  Philosophy,  p.  ^0.)  Two  volumes  of 
the  binoxide  yielded  one  volume  of  nitrogen,  and  about  one  of  carbonic  acid, 
whence  it  was  inferred  to  consist  of  equal  measures  of  oxygen  and  nitrogen 
ffaaes  united  without  any  condensation.  Gay-Lussac,  in  his  essay  in  the 
menunres  d'Arcueil,  proved  that  this  proportion  is  rigidly  exact  He  decom- 
posed 100  measures  of  the  gas,  by  heating  potaasium  in  it ;  when  50  met- 
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sures  of  pure  nitrogen  were  left,  and  the  potassa  formed  corresponded  to  50 
measarcs  of  oxygeo.  The  same  fret  has  been  lately  proved  by  Dr.  Henry 
(An.  of  PhU.  N.  S.  viiL  399.)    Henee,  as 

50  cubic  inches  of  oxygen  gas  weigh        .         .        17.0936  grains. 
50        do.  nitrogen  .        .        ,        .        .    15.0825 


100  cubic  inches  of  the  binoxide  must  weigh       .        32.1761  » 

Its  composition  stated  at  page  167  is  drawn  from  these  facts.  Its  density 
ought  to  be  1.0375,  which  closely  agrees  with  the  direct  experiments  of  Dbt}', 
Thomson,  and  B^rard. 

From  the  invariable  formation  of  red-coloured  acid  vapours,  whenever 
binoxide  of  nitrogen  and  oxygen  are  mixed  together,  these  gases  detect  the 
presence  of  each  other  with  great  certainty;  and  since  tlie  product  is  wholly 
absorbed  by  fvater,  either  of  them  may  bo  entirely  removed  from  any  gaseous 
mixture  by  adding  a  sufficient  quantity  of  the  other.  Priestley,  who  first 
observed  Uiis  fact,  supposed  tliat  combination  takes  place  between  them  in 
one  proportion  only;  and  inferring  on  this  supposition,  that  a  given  absorp- 
tion must  always  indicate  the  same  quantity  of  oxygen,  he  was  led  to  em- 
ploy binoxide  of  nitrogen  in  Eudiometry.  But  in  this  opinion  he  was  mis- 
taken. The  discordant  results  obtained  by  this  method,  soon  excited  suspi- 
cion  of  their  accuracy;  and  the  source  of  error  has  since  been  discovered  by 
the  researches  of  Dalton  and  Gay-Lussac.  It  appears  from  the  experiments 
of  Gray-Lussac,  and  his  results  do  not  differ  materially  from  those  of  Dalton, 
that  for  100  measures  of  oxygen,  400  of  the  binoxide  may  be  absorbed  as  a 
maximum,  and  133  as  a  minimum ;  and  that  between  these  extremes,  the 
quantity  of  the  binoxide,  corresponding  to  100  of  oxygen,  is  exceedingly  va- 
riable. It  does  not  follow  from  this,  that  oxygen  and  binoxide  of  nitrogen 
unite  in  every  proportion  within  these  limits.  The  true  explanation  is,  Uiat 
the  mixture  of  these  gases  may  give  rise  to  three  compounds,  hyponitrous, 
nitrous,  and  nitric  acids ;  and  that  either  may  be  formed  almost,  if  not  en- 
tirely, to  the  exclusion  of  the  others,  if  certain  precautions  are  adopted.  But 
in  the  usual  mode  of  operating,  two,  if  not  all,  are  generated  at  the  same 
time,  and  in  a  proportion  to  each  other  which  is  by  no  means  uniform.  The 
circumstances  that  influence  the  degree  of  absorption,  when  a  mixture  of 
oxygen  and  binoxide  of  nitrogen  is  made  over  water,  are  the  following  : — 
1,  The  diameter  of  the  tube ;  2,  The  rapidity  with  which  the  mixture  is 
made ;  3,  The  relative  proportion  of  the  two  gases ;  4,  The  time  allowed  to 
elapse  after  mixing  them  ;  5,  Agitation  of  the  tube ;  and  lastly,  The  oppo- 
site conditions  of  adding  the  oxygen  to  the  binoxide,  or  the  binoxide  to  the 
oxy^ren. 

Notwithstanding  these  many  sources  of  error,  Dalton  and  Gay-Lussac 
maintain  that  binoxide  of  nitrogen  may  nevertheless  be  employed  in  Eudio- 
metry ;  and  they  have  describ^  tlie  precautions  which  are  required  to  en- 
sure accuracy.  Dalton  has  given  his  process'  in  the  Annals  of  Philosophy, 
X.  38 ;  and  further  directions  have  been  published  by  Dr.  Henry  in  his  Elo- 
ments.  The  method  of  Gay-Lussac,  to  which  my  own  observation  would 
lead  me  to  give  the  preference,  may  be  found  in  the  Memoir es  (TArcuiel^  ii. 
247.  Instead  of  employing  a  narrow  tube,  such  as  is  commonly  used  for 
measuring  gases,  Gay-Lussac  advises  that  100  measures  of  air  should  be  in- 
troduced into  a  very  wide  tube  or  jar,  and  that  an  equal  volume  of  binoxide 
of  nitrogen  should  then  be  added.  The  red  vapours,  which  are  instantly 
produced,  disappear  very  quickly;  and  tlie  absorption  af\^  half  a  minute,  or 
a  minute  at  the  most,  may  be  regarded  as  complete.  The  residue  is  then 
transferred  into  a  graduated  tul^  and  measured.  The  diminution  almost 
always,  according  to  Gay-Lussac,  amounts  to  84  measures,  one-fourth  of 
which  is  oxygen.*    Gay-Lussac  has  applied  this  process  to  the  analysis  of 

•  On  the  supposition  that  the  oxygen  and  binoxide  of  nitroffen  unite  in 
the  proportion  to  form  nitrous  acid,  one-third,  and  not  one-fourth,  ef  the  di- 
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▼arioot  mixed  guea,  in  which  the  otyiren  was  aometiiiiea  in  a  greater,  at 
othera  in  a  less  proportion  than  in  tlie  atmosphere,  and  the  indications  were 
always  correct  When  the  proportion  of  oxygen  u  great,  a  proportionally 
large  quantity  of  the  binoxide  most,  of  coarse,  be  employed,  in  order  that  an 
excess  of  it  may  bo  present. 

There  is  anciher  mode  of  absorbing  oxygen  gas  by  means  of  binoxide  of 
nitrogen.  If  a  current  of  the  binoxide  be  conducted  into  a  solution  of  pro- 
tosolphate  of  iron,  the  gas  is  absorbed  in  large  quantity,  and  the  eolation 
acquires  a  deep  olive-brown  colour,  which  appears  almost  black  when  folly 
saturated.  Tbis  solution  absorbs  oxygen  with  facility.  But  it  cannot  be 
safely  employed  in  Eudiometry ;  because  the  absorption  of  oxygen  is  accom- 
panied, or  at  least  Tery  soon  followed,  by  evolution  of  gas  from  the  liquid 
Itself. 

Sir  H.  Davy  ascertained  that  binoxide  of  nitrogen  is  dissolved,  without 
decomposition,  by  a  cold  solution  of  protosulphate  of  iton ;  and  that  when 
the  solution  is  heated,  the  greater  part  of  the  gas  is  disengaged,  and  the  re- 
mainder decomposed.  The  decomposition  is  determined  chiefly  by  the  affi- 
nity of  protoxide  of  iron  for  oxygen  gas.  The  protoxide  of  iron  decomposes 
a  portion  of  water  and  binoxide  of  nitrogen  at  the  same  time,  and  unites 
with  the  oxygen  of  both ;  while  the  hydrogen  of  the  water  and  nitrogen  of 
the  binoxide  combine  together,  and  generate  ammonia.  Nitric  add  is  fbrni- 
ed  when  the  s«»lution  is  exposed  to  the  air  or  oxygen  gas,  but  not  otherwise. 

It  is  singular  that  both  binoxide  and  protoxide  of  m'trogen,  notwithstand- 
ing the  absence  of  acidity,  are  capable  of  forming  compounch  of  considera** 
ble  permanence  with  the  pure  alkalies.  The  circumstances  which  give  rise 
to  the  formation  of  these  componnds  will  be  stated  in  the  description  of  nitre. 

HYPONITROUS  ACID. 

On  adding  binoxide  of  nitrogen  in  excess  to  oxygen  gas,  confined  in  a 
glass  tube  over  mercury,  Gay-Lussac  observed  that  the  absorption  is  always 
uniform,  provided  a  strong  solution  of  pure  potassa  is  put  into  the  tube  be- 
,  fi)re  mixing  the  two  gases.  He  found  that  100  measures  of  oxygen  gas 
combine  under  these  circumstances  with  400  of  the  binoxide,  forming  an 
acid  which  onites  with  the  potassa.  The  compound  so  fiirmed  is  hyponi- 
trous  acid,  the  composition  of  which  may  be  easily  inferred  fix»m  the. pro- 
portions just  mentioned.  For  as  binoxide  of  nitrogen  contains  half  its  vo- 
lume of  oxygen  gas,  the  new  acid  must  be  composed  of  300  measures  of 
nitrogen  and  300  of  oxygen,  or  of  100  and  150,  as  already  stated  (page  167). 

minution  ought  to  be  due  to  oxygen ;  for  nitrous  acid  is  composed  of  one 
volume  of  oxygen  and  two  volumes  of  binoxide  of  nitrogen.  It  may  be 
asked,  therefore,  what  are  the  real  products  of  the  experiment ;  as  in  point 
offset,  one-fourth  of  the  gaseous  matter  which  disappears  is  due  to  oxygen? 
The  late  Dr.  Dana  ingeniously  reconciled  this  result  with  the  theory  of  vo- 
lumes, by  supposing  that  two-thirds  of  the  binoxide  of  nitrogen  become 
hyponitrous  acid,  and  one-third  nitrous  acid.  Thus  supposing  six  volumes 
of  the  binoxide  to  be  mixed  with  a  suflScient  quantity  of  oxygen,  four  vo- 
lumes aie  assumed  to  be  converted  into  hyponitrous  acid,  by  combining 
with  one  volume  of  oxygen,  and  the  remaining  two,  into  nitrous  acid,  by 
uniting  with  the  same  quantity  of  oxygen.  In  this  manner  six  volumes  o£ 
binoxide  and  two  volumes  of  oxygen,  in  all  eight  volumes,  will  disappear, 
being  condensed,  as  above  explained,  into  hyponitrous  and  nitrous  acids^ 
Now  of  these  eight  volumes,  it  is  apparent  that  one-fourth  is  oxygen. 

When  the  experiment  is  performed  with  certain  precautions,  nitrous  acid 
is  the  sole  product,  and  the  formula  for  calculating  the  quantity  of  oxygen 
is  of  course  to  divide  the  diminution  by  three.  I  bad  the  pleasure  of  seemg 
tbis  proved  experimentally,  on  several  occasions,  by  Dr.  Hare  of  the  Univer- 
sity of  Pennsylvania.— £rf. 
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Another  method  of  ^ming  it  is  by  keeping  binoxide  of  nitrogen  for  a  con- 
skierable  time,  say  three  months,  in  a  glass  tube  over  mercury,  with  a 
aCroDg  solution  of  pure  potassa.  The  binoxide  is  resolved  into  hyponitroos 
acid,  which  unites  with  the  alkali,  and  protoxide  of  nitrogen  remains  in  the 
tube  It  is  also  said  to  be  formed  when  400  measures  of  binoxide  of  nitro- 
gen are  mixed  with  100  of  oxygen  gas,  both  quite  dry,  and  the  resulting 
orange  fumes  are  exposed  to  a  cold  of  0^  F.  when  it  is  condensed  into  a 
liquid. 

Anhydrous  liquid  hyponitrous  acid  is  colourless  at  0°  F.  and  green  at 
common  temperatures.  It  is  so  volatile,  that  in  open  vessels  the  green  fluid 
wholly  and  rapidly  passes  off  in  the  form  of  an  orange  vapour,  which  is  said 
by  Mitscherlich  to  have  a  density  of  1.72.  On  admixture  with  water  it  is 
converted  into  nitric  acid  and  binoxide  of  nitrogen,  the  latter  escaping  with 
effervescence;  but  when  much  nitric  acid  is  present,  the  hyponitrous  is 
changed  into  nitrous  acid,  the  presence  of  which  imparts  several  shades  of 
eoJonr,  orange,  yellow,  green,  and  blue,  according  as  its  quantity  is  more  or 
less  predominant.  One  equivalent  of  hyponitrous  and  one  of  nitric  acid 
yield  two  equivalents  of  nitrous  acid :  thusN  4. 30  and  N  4. 50  obviously  con- 
tain  the  elements  for  forming  2(N  .4-  40). 

Hyponitrous  acid  does  not  unite  directly  with  alkalies,  being  then  resolv- 
ed  principally  into  nitric  acid  and  binoxide  of  nitrogen ;  but  the  byponi- 
tritcs  of  the  alkalies  and  alkaline  earths  may  be  obtained  by  heating  the  cor- 
responding nitrates  to  a  gentle  red  heat; 'and  the  hyponitrite  of  the  oxide 
of  lead  is  formed  by  boiling  a  solution  of  the  nitrate  of  that  oxide  with  me- 
tallic lead. 

Hyponitroos  acid  forms  with  water  and  sulphuric  acid  a  crystalline  com- 
pound, which  is  generated  in  large  quantity  during  the  manufacture  of  sul- 
phuric acid,  and  the  production  of  which  is  an  essential  part  of  that  process. 
It  is  generated  whenever  moist  sulphurous  acid  pas  and  nitrous  acid  vapour 
are  intermixed,  being  instantly  deposited  in  the  form  of  white  acicular  crys- 
tals ;  and  Gay-Lussac  discovered  that  it  may  also  be  made  by  the  direct  ac 
tion  of  anhydrous  nitrous  and  strong  sulphuric  acid.  The  first  attempt  to  de- 
termine its  composition  analytically  was  by  Dr.  Henry,  who  found  it  to  con. 
flist  of  one  equivalent  of  hyponitrous  acid,  five  of  sulphuric  acid,  and  five  of 
water.  (Ann.  of  Phil,  xxvti.  367.)  Gaultier  de  Claubry  has  lately  repeated 
the  analysis  of  tlie  same  compound  in  a  state  of  more  perfect  dryness,  and 
by  what  he  considers  a  better  method  ;  and  he  gives  as  its  constituents  two 
equivalents  of  hyponitrous  acid,  four  of  water,  and  five  of  sulphuric  acid. 
(An.  de  Ch.  et  de  Ph.  xlv.  284.)  The  theory  of  its  production  has  been  very 
carefully  studied  by  6.  de  Claubry.  It  appears  that  when  moist  sulphurous 
and  nitrous  acids  react  on  each  other,  the  former  is  converted  into  sulphuric 
and  the  latter  into  hyponitrous  acid,  the  oxygen  lost  by  one  being  gained  by 
the  other.  A  little  nitrogen  gas  is  always  disengaged  at  the  same  time, 
which  can  only  arise  from  a  small  portion  of  nitrous  acid  losing  the  whole 
of  its  oxygen.  Tlie  action  of  sulphuric  on  nitrous  acid  is  different:  in  this 
case  the  nitrous  acid  is  resolved  into  nitric  and  hyponitrous  acids,  the  latter 
uniting  with  sulphuric  acid  and  most  of  its  water  to  produce  the  crystalline 
solid,  while  the  remainder  of  the  water  unites  with  the  nitric  acid.  When 
the  crystalline  matter  is  put  into  water,  the  hyponitrous  is  resolved  into  ni- 
trous  acid  and  binoxide  of  nitrogen,  both  of  which  escape  with  effervescence. 
If  much  water  is  present,  more  or  less  of  the  nitrous  acid  is  converted  into 
nitric  ncid  and  the  binoxide.  Similar  changes  ensue  when  the  crystals  are 
exposed  to  the  air,  humidity  being  rapidly  absorbed.  This  subject  has  also 
been  lately  examined  by  Bussy  with  similar  results. 

NITROUS  ACia 

-  To  form  pure  nitrous  acid  by  the  mixture  of  oxygen  gas  with  binoxide  of 
nitrogen,  the 'operation  should  rfot  be  conducted  over  water  or  mercury  :  the 
presence  of  the  former  determines  the  production  of  nitric  acid,  and  the  lat- 
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tor  11  oxidized  by  the  niti^Nis  aeid,  snd,  therefore,  decomposes  it.  Davy 
showed,  by  making  the  mixture  in  a  dry  glass  vessel  previously  exhausted, 
that  aitrous  acid  vapour  is  formed  by  the  action  of  200  measures  of  binozide 
of  nitrogen  on  100  of  oxygen  gas ;  and  hence,  as  200  of  the  binoxide  contain 
100  of  nitrogen  and  100  of  oxygen,  nitrous  acid  was  inferred  to  consist  of 
100  measures  of  nitrogen  united  with  200  of  oxygen  gas,  as  stated  at  page 
167.  This  inference  has  been  confirmed  by  the  researches  of  Gay-Lussac 
and  Dolong  (An.  de  Ch.et  de  Ph.  i.  and  ii.),  the  former  of  whom  also  proved 
that  its  elements  contract  to  l-3rd  of  their  volume  ;  or  in  other  words,  100 
measures  of  nitrous  acid  vapour  contain  100  of  nitrogen  gas  and  200  of 
oxygen.  The  specific  gravity  of  this  vapour  ought  to  be  3.1775,  formed  of 
0.9727  the  sp.  gr.  of  nitrogen -|- 2.2048  twice  the  sp.  gr.  or  oxygen. 

Nitrous  acid  vapour  is  characterized  by  its  orange-red  colour,  acid  reaction 
to  test  paper,  and  by  being  absorbed  by  water  with  disengagement  of  bin> 
oxide  of  nitrogen  and  formation  of  nitric  acid.  It  is  quite  irrespirable,  ex- 
citing great  irritation  and  spasm  of  the  glottis,  even  when  moderately 
diluted  with  air.  A  ta[)er  burns  in  it  with  considerable  brilliancy.  It  ex- 
tinguishes burning  sulphur ;  but  the  combustion  of  phosphorus  continues  in 
it  with  great  vividness. 

Nitrous  acid  may  exist  in  the  liquid  as  well  as  in  the  gaseous  form.  Its 
vapour  may  be  condensed  by  a  freezing  mixture ;  but  the  best  mode  of  pre- 
paring it,  is  by  exposing,  in  an  earthen  retort,  nitrate  of  lead,  carefully  dried, 
to  a  red  heat  The  nitric  acid  of  the  salt  is  resolved  into  nitrous  acid  and 
oxygen ;  and  on  receiving  these  products  in  a  dry  tube  surrounded  by  a 
mixture  of  ice  and  salt,  most  of  the  former  is  condensed.  The  liquid  as 
thus  obtained  is  anhydrous,  is  acid  and  pungent  to  the  taste,  gives  a  yellow 
stain  to  the  skin,  and  is  powerfully  corrosive.  At  common  temperatures  its 
colour  is  an  orange-red ;  but  it  becomes  yellow  when  cooled  below  32°,  and 
at  0°  F.  is  nearly  colourless.  Its  density  is  1.451.  It  is  extremely  volatile, 
boiling  at  82° :  in  a  stoppered  bottle  it  preserves  its  liquid  form  at  common 
temperatures ;  but  when  exposed  to  the  atmosphere  it  is  rapidly  dissipated, 
forming  nitrous  acid  vapours  which,  when  once  mixed  with  air  or  other 
gases,  require  intense  cold  for  condensation. 

Nitrous  acid  is  a  powerful  oxidizing  agent,  readily  giving  oxygen  to  the 
more  oxidable  metals,  and  to  most  substances  which  have  a  strong  affinity 
for  it.  The  acid  is  decomposed  at  the  same  time,  being  commonly  changed 
into  binoxide  of  nitrogen,  though  sometimes  tlio  protoxide  and  even  pure 
nitrogen  gases  are  evolved.  When  transmitted  through  a  red-hot  porcelain 
tube,  it  suffers  decomposition,  and  a  mixture  of  oxygen  and  nitrogen  gases 
is  obtained. 

When  nitrous  acid  is  mixed  with  a  considerable  quantity  of  water,  it  is 
instantly  resolved  into  nitric  acid,  which  unites  with  the  water,  and  binozide 
of  nitrogen  which  escapes  with  effervescence.  Three  equivalents  of  nitrous 
acid  arc  in  proportion  to  form  two  of  nitric  acid  and  one  of  the  binoxide; 
for  3CN  +  40)  contain  2(N  +  50)  and  N  -}-  20.  When  a  rather  small  quan- 
tity of  water  is  used,  the  disengagement  of  binoxide  of  nitrogen,  at  first 
considerable,  becomes  less  and  less  as  successive  quantities  of  nitrous  acid 
are  added,  till  at  last  the  evolution  of  gas  ceases  altogether.  The  colour  of 
the  solution  varies  remarkably  during  the  process:  from  being  colourless, 
the  liquid  acquires  a  blue  tint,  then  passes  into  bluish-green,  green,  yellow, 
and  lastly  orange.  These  different  solutions  contain  different  relative  quan- 
tities of  nitric  acid,  nitrous  acid,  and  water,  on  which  circumstance  the 
varying  shades  of  colour  depend.  Nitric  and  nitrous  acids  are  disposed  to 
unite  with  each  other,  and  the  influence  of  this  attraction  enables  nitrous 
acid  to  sustain  admixture  with  water  without  decomposition.  Strong  nitric 
acid  will  unite  with  a  considerable  quantity  of  nitrous  acid,' and  tliereby  ac 
quires  an  orange-red  tint  In  a  weaker  nitric  acid  the  water  decomposes 
part  of  the  nitrous  acid,  and  the  colour  of  the  solution  is  orange  or  yellow. 
As  the  strength  of  the  nitric  acid  becomes  weaker  and  weaker,  the  quantity 
of  niffooM^  whioh  it  can  protect  from  decomposition  becomes  less  and 
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lesB,  aad  the  eokam  of  the  lofaitioD  varies  ftom  yellow,  green,  and  Mne,  and 
IB  at  length  cdourleas.  These  changes  may  be  witnessed,  not  only  by  add- 
ing  sucoessiTe  qnantitiee  of  nitrous  acid  to  water,  and  thereby  at  lenarth 
producing  a  strong  nitric  acid,  but  commencing  with  the  latter,  saturatmg 
it  with  nitr«ias  acii£  and  then  successively  diluting  with  water. 

When  nitrons  acid  is  mixed  with  a  very  small  quantity  of  water,  no  bin- 
oxide  of  nitrogen  is  disengaged,  but  the  liquid  becomes  green,  like  the  co 
lour  of  hyponitrous  add.  I  have  repeatedly  obtained  a  similar  liquid  in  pre- 
paring nitrous  acid  Ihun  nitrate  of  lead,  when  tlie  materials  were  not 
adequately  dried ;  and  that  ffreen  liquid,  when  allowed  to  dissipate  in  tile 
air,  leaves  some  nitric  aid  behind.  From  these  facts  it  seems  probable  that 
in  the  decomposition  of  nitrous  acid  by  water,  the  first  change  is  the  con. 
version  of  nitrous  into  nitric  and  hyponitrous  acids,  which  last  is  subse.  * 
quently  changed,  when  the  required  quantity  of  water  is  present,  into  nitri 
acid  and  binoxide  of  nitrogen.  It  may  thus  well  hsppen  that  hyponitrous 
acid  contributes  to  produce  the  varying  colours  above  described. 

Some  chemists  consider  nitrons  acid  as  a  compound  of  nitric  and  hypo- 
nitroos  acids,  rather  than  of  nitrogen  and  oxygen.  In  fact,'on  adding  nitrous 
acid  to  an  alkaline  solution,  we  obtain  a  nitrate  and  hyponitrite,  a  circum- 
stance which  has  given  rise  to  the  notion  that  nitrous  acid  cannot  act  as  a 
distinct  acid.  Beraelius  and  Mitscherlich  affirm  that-  the  salts  commonly 
termed  nitrites,  such  as  nitrite  of  baryta  and  potassa,  made  by  heating  the 
corresponding  nitjrates  to  gentle  redness,  contain  hyponitrous  acid. 

NITRIC  ACID. 

If  a  soeosssioo  of  electric  sparks  be  passed  through  a  mixture  of  oxygen 
and  nitrogen  gases  confined  in  a  glass  tube  over  mercury,  a  little  water 
being  present,  the  volume  of  the  £ases  will  gradually  dimioish,  and  the 
water  after  a  time  will  be  found  to  have  acquired  acid  properties.  On  neu- 
tralizing the  solution  with  potassa,  or  what  is  better,  by  patting  a  solution 
of  that  alkali  instead  of  water  into  the  tube  at  the  beginning  of  the  experi- 
ment, a  sah  is  obtained  which  possesses  all  the  properties  of  nitrate  of 
potassa.  This  experiment  was  performed  in  1785  by  Mr.  Cavendish,  who 
inferred  from  it  that  nitric  acid  is  composed  of  oxygren  and  nitrogen.  The 
best  proportion  of  the  gases  was  found  to  be  seven  of  oxygen  to  three  of 
nitrogen ;  but  as  some  nitrous  acid  is  always  formed  during  the  process,  the 
exact  composition  of  nitric  acid  cannot  in  this  way  be  accurately  deter- 
mined. 

Nitric  acid  may  be  formed  much  more  conveniently  by  adding  binoxide 
of  nitrogen  slowly  over  virater  to  an  excess  of  oxygen  gas.  Gi^-Lussac 
proved  that  nitric  acid  may  in  this  manner  be  obtained  quite  nee  from 
nitrons  or  hyponitrous  add;  and  that  it  is  composed  of  100  measures  of 
nitrogen  and  250  of  oxygen.  This  result  has  been  confirmed  by  the  expe- 
riments €f  Davy,  Henry,  Beraelius,  and  others,  fully  establishing  the  Qom- 
position  as  already  stated. 

Nitric  add  cannot  exist  in  an  insulated  state.  Binoxide  of  nitrogen  and 
oxygen  gases  never  form  nitric  add  if  mixed  together  when  quite  dry;  and 
nitrons  add  vapour  may  be  kept  in  oontact  with  oxygen  gas  without  change, 

Eovided  no  water  is  present  The  most  simple  form  under  which  chemists 
ve  hitherto  procured  nitric  acid  is  in  solution  with  water;  a  liquid  which, 
in  its  concentrated  state,  is  the  nitric  add  of  the  Pharmacopcsia.  By  manu- 
facturers it  is  better  known  by  the  name  of  aqttmfortit. 

The  nitric  add  of  comroeroe  is  procured  by  decomposing  some  salt  of 
nitric  aeid  b^  means  of  oil  of  vitriol;  and  common  nitre,  as  tlie  cheapest  of 
the  nitrates,  is  employed  for  the  purpose.  This  salt,  pteriously  well  dried, 
is  put  into  a  glass  retort,  and  a  quantity  of  the  strongest  oil  of  vitriol  is 
poured  opon  it.  On  appl  ving  heat,  ebullition  ensues,  owing  to  the  escape  of 
nitric  acid  vapours,  which  must  be  collected  in  a  cool  receiver.    The  heat 
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ahoold  be  steadily  incTeoaed  d«riii|r  the  operatiaD,  aadeoolinaed  as  khg  as 
any  acid  vapoiurs  oome  orer. 

Chemists  difier  as  (o  the  best  proportions  for  fbrmsBr  nkric  acid.  The 
LoodcQ  CoUeffe  recommends  equd  weights  of  nitre  and  oil  of  Titriol;  and 
the  Edinburgh  and  Dablin  GoUera  employ  three  parts  of  nitre  to  two  of 
the  acid.  In  the  process  of  the  London  Ci>Uege,  the  alkali  of  the  nitre  is 
left  as  a  bisulphate  in  the  retort;  since  one  equivalent  of  nitre  (54  nitric 
add  and  47  potassa)  is  101,  and  the  nearly  equal  number  98  corresponds  to 
two  equivalents  of  oil  of  TitrioI,  which  contain  two  eq.  of  anhydrous  snl- 
I^uric  acid  and  two  eq.  of  water.  During  the  distillation  the  nitric  acid 
passes  over  along  with  one  and  a  half  eq.  of  water,  and  half  an  equivalent 
of  water  is  retained  by  the  bisulphate  of  potassa.  The  presence  of  water  is 
essential :  nitric  add  of  sp.  gt.  IJSO  consisiB  of  real  or  anhydrous  acid  and 
water  in  the  ratio  oi  one  eq.  to  one  and  a  half,  or  two  to  three;  and  unless 
water  in  at  least  this  proportion  be  supplied,  a  proportional  quantity  of 
nitric  acid  is  resolved,  at  the  moment  of  quitting  the  potasss,  mto  oxygen 
and  nitrous  add  (Phillips,  in  Phil.  Mag.  ii.  430).  If  the  mizturo  be  intro- 
duced into  the  rotort  without  sdling  its  neck,  and  the  heat  be  cantiously 
raised,  the  product  will  be  quite  free  from  sulphuric  add;  and,  therofbre, 
the  second  distillation  from  nitre,  reoommendeid  in  the  Pharmaoopona,  is 
supei^nons. 

The  proportions  of  the  Edinburgh  and  Dublin  Colleges  aro  such,  that  the 
residual  salt  is  a  mixture  of  sulphate  and  bisulphate  of  potassa.  The  add 
of  the  nitre  does  not  receive  from  the  oil  of  vitriol  the  requisite  quantity  of 
water,  and  hence  part  of  it  is  decomposed,  ridding  towards  the  close  of  the 
operation  an  abundant  supply  of  nitrous  acid  fumes.  If  the  receiver  be  kept 
cool,  nearly  all  these  vapours  aro  condensed,  and  the  product  is  a  mixture 
of  nitric  and  nitrous  acids,  of  a  deep  orange-red  cokMir,  very  strong  and 
fuming,  and  of  a  greater  specific  gravity,  though  proportionally  less  in  quan- 
tity, than  that  obtained  by  the  foregoing  process.  The  specific  gravity  of 
the  pale  acid  is  1.500 ;  while  that  or  the  nd  acid  is  1.530,  or  by  previously 
drying  the  nitre  and  boiling  the  sulphuric  add.  Dr.  Hope  states  that  it  may 
be  made  so  high  as  1.54. 

Some  manu&cturers  decompose  nitre  with  half  its  weight  of  sulphuric 
acid,  thus  employing  the  ingredients  in  the  proportion  of  one  equivalent  of 
each.  In  this  case  about  half  of  the  nitric  acid  b  decomposed,  and  con- 
siderable  loss  sustained,  unless  the  requisite  quantity  of  water  is  previously 
mixed  with  the  sulphuric  acid,  or  water  be  placed  in  the  rccdver  to 
condense  the  nitrous  add.  Some  of  the  nitre  is  likewise  apt  to  escape 
decomposition;  and  the  reudue,  consisting  of  neutral  sulphate,  which  is 
much  less  soluble  than  the  bisulphate,  is  removed  from  the  retort  with 
difficulty. 

In  none  of  the  preceding  processes,  not  even  in  the  first,  is  the  product 
quite  colourless;  for  at  Uie  commencement  and  elose  of  the  operation, 
nitrous  acid  fumes  are  disengaged,  which  communicate  a  straw-yellow  or 
an  orange-red  tint,  according  to  their  quantity.  If  a  very  pale  add  is 
required,  two  receivers  should  be  used ;  one  for  condensing  the  colourless 
vapours  of  nitric  acid,  and  another  for  the  cdoured  products.  The  oobured 
acid  is  called  nitrous  add  by  the  CoUegre;  but  it  is  in  reality  a  mixture  or 
compound  of  nitric  and  nitrous  acids,  dmilar  to  what  may  be  obtained  by 
mixing  anhydrous  nitrous  with  ookmrless  nitric  add.  It  la  easy  to  convert 
the  common  mixed  add  of  the  College  into  colourless  nitric  acid,  by  ezpodng 
the  former  to  a  gentle  beat  fee  some  time,  when  all  the  nitrous  acid  will  be 
ezpdled.  But  this  process  is  rarely  necessary,  as  the  cdoured  add  may  be 
substituted  in  most  cases  for  that  which  is  colourless.  Where  an  acid  of 
great  strength  is  required,  the  former  is  even  preferable. 

Nitric  acid  frequently  contains  portions  of  sulphuric  and  hydrochloric 
•dd.  The  former  is  derived  from  the  add  which  is  used  in  the  process ; 
uid  the  latter  from  sea-salt,  which  is  frequently  mixed  with  nitre.  These 
impurities  may  be  detected  by  adding  a  few  drops  of  a  solution  of  chloride 
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of  iMzinm  and  niCrale  of  tilrer  to  septrate  portionB  of  nitric  acid,  diluted 
with  ibree  or  foor  parts  of  distilled  water.  If  chloride  of  barium  came  a 
cJoodiiiBflB  or  precipitate,  sulpharic  acid  nmst  be  present;  if  a  similar  effect 
be  produced  bj  nitnte  of  silver,  the  presence  of  h^ochloric  acid  mar  be 
inibrred.  Nitric  acid  is  purified  from  sidphoric  acid  bj  redistilling  it  nom 
a  small  qvantity  of  nttiate  of  potassa,  with  the  alkali  of  which  the  sulphuric 
add  onites,  and  remains  in  the  retort  To  separate  hydrochloric  acid,  it  is 
neoeosarj  to  drop  a  edotion  of  nitrate  of  silter  into  the  nitric  add  as  long 
as  a  predpitate  is  firmed,  and  draw  off  the  pore  add  by  <tistillation. 

Nitric  add  possesses  acid  properties  in  an  eminent  degree.  A  ftw  drops 
c^  it  diluted  with  a  considenbfo  quantity  of  water  Ibrati  an  acid  solution, 
which  reddens  fitmns  paper  permanently.  It  unites  with  and  neutralizes 
alkafine  substances,  forming  with  them  salts  which  are  catUed  nitrate$.  In 
its  purest  and  most  concentrated  state  it  ia  ooloorlees,  and  has  a  spedfic 
KTarity  of  1.50  or  1.510.  It  still  contains  a  considerable  quantity  of  water, 
Bom  wfaieli  it  cannot  be  separated  withoot  decomposition,  or  by  imiting 
with  some  other  body.  An  add  of  density  1.50  contains  90  per  cent  <n  s 
water,  aoeording  to  the  experiments  of  Mr.  Fhillipe,  and  5203  per  cent, 
according  to  those  of  Dr.  Ure.*  Nitric  acid  of  this  strength  emits 
densOk  wbite,  saffocating  Taponrs  when  "exposed  to  the  atmoi^ere.  It 
attracts  watery  vapoar  from  the  air,  whereby  its  density  is  diminished. 
A  rise  of  temperature  is  occasioned  by  mixing  it  with  a  certain  quantity 
of  water.  Dr.  Ure  found  that  when  58  measures  of  nitric  acid  of 
density  IJS  are  suddenly  mixed  with  49  of  water,  the  temperature  rises 
from  €0  to  140°  F.;  and  the  mixture,  on  cooling  to  60^,  occupies  the  space 
of  93.05  measures  instead  of  100.  From  its  strong  affinity  for  water,  it 
occasions  snow  to  liquefy  with  great  rapidity ;  and  if  the  mixture  is  made 
in  due  proportion,  intense  cold  will  be  generated.  (Page  39.) 

Nitric  add  bdb  at  246o  F.,  and  may  be  distilled  without  suffering  mate- 
rial  change.  An  acid  of  lower  density  than  1.42  becomes  stronger  1^  bdng 
heated,  because  the  water  evaporates  more  rapidly  than  the  acid.  •  An  ado, 
on  the  contrary,  which  is  strooger  than  1^  is  weakened  by  the  api^cation 
of  beat 

Nitric  add  may  be  frosen  by  cold.  The  temperature  at  which  congela* 
tion  takes  place,  varies  with  the  strength  of  the  acid.  The  strongest  add 
freeaes  at  about  50^  bebw  xero.  When  diluted  with  half  its  weight  of 
water,  it  becomes  solid  at  — 1  jo  F.  %  the  addition  of  a  little  more  water, 
its  freezing  point  is  lowered  to  ^^459  F. 

Nitric  add  acts  powerfully  on  substances  which  are  disposed  to  unite 
with  oxygen;  and  hence  it  is  much  employed  by  chemists  for  briiving 
bodies  to  thdr  maximum  of  oxidation.  Nearly  all  the  metals  are  oxiiused 
by  it;  and  some  of  them,  such  as  tin,  copper,  and  mercury,  are  attacked 
with  great  ridsnee.  If  flung  on  burning  charcoal,  it  increases  the  brilliancy 
of  its  oombostion  in  a  high  degree.  Sulphur  and  phosphorus  are  converted 
into  adds  by  its  action.  All  vegetable  substences  are  decomposed  by  it. 
In  general  the  oinrgen  of  the  nitric  add  enters  into  direct  combination  with 
the  hydrogen  and  carbcni  of  those  compounds,  forming  water  with  the  for., 
mer,  and  carbonic  add  with  the  latter.  This  happens  remarkably  in  those 
compounds  in  which  hydrogen  and  carbon  are  predominant,  as  in  alcohol 
and  the  dis.  It  effiscta  the  decomposition  of  animal  matters  also.  The 
cntide  and  nails  receive  a  permanent  yellow  stain  when  touched  with  it ; 
and  if  applied  to  the  skin  in  snffident  quantity  it  acte  as  a  powerful  cautery, 
destroying  the  organization  of  the  part  entirely. 

When  oxidation  is  eflfected  through  the  medium  of  nitric  add,  the  acid 
itself  is  commonly  converted  into  binoxide  of  nitrogen.  This  gas  is  some- 
times given  off  nearly  quite  pure ;  but  in  general  some  nitrous  anid,  protox. 

- 

«  See  his  tebfe  in  tho  Appendix,  showing  the  strength  of  diluted  acid  of 
diflbrvot  densities. 
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ide  of  nitroj^n,  or  pure'  mtro^fen,  it  duengaged  at  the  ■etne  time.  Tbe 
escape  of  nitrous  acid  in  these  cases  seems  owing,  aocordin||r  to  aome  late 
observations  of  Mr.  Phillips,  not  so  much  to  its  direct  formation,  but  to  the 
binoxide  at  first  formed  acting  on  the  nitric  acid  of  the  solution.  Direct 
solar  light  deoxidizes  nitric  acid,  resolving  a  portion  of  it  into  oxygen  and 
nitrous  acid.  The  former  escapes  as  gas;  the  latter  is  absorbed  by  the 
nitric  acid,  and  converts  it  into  tiie  roix^  nitrous  acid  of  the  shops.  When 
the  vapour  of  nitric  acid  is  transmitted  through  red-hot  porcelain  tubes,  it 
suffers  complete  decomposition,  and  a  mixture  of  oxygen  and  nitrogen  gases 
is  the  product. 

Nitric  acid  may  also  be  deoxidiaed  by  transmitting  a  current  of  binoxide 
of  nitro^n  through  it  That  gas,  by  taking  oxy^ren  from  the  nitric,  is  con- 
verted  mto  nitrous  acid;  and  a  portion  of  nitric  acid,  by  losing  oxygen, 
passes  into  the  same  compound.  The  nitrous  acid,  thus  derived  from  two 
sources,  gives  a  colour  to  the  nitric  acid,  the  depth  and  kind  of  which 
depend  on  the  strength  of  the  acid.    Oa  saturating  with  binoxide  of  nitro- 

fen  four  separate  portions  of  nitric  acid  of  the  densities  1.15, 1.35, 1.40,  and 
30,  the  colour  will  be  blue  in  the  first,  ffreen  in  the  second,  yellow  in  the 
third,  and  brownish-red  in  the  fourth ;  and  acid  of  1.05  is  not  cdoored  at  alL 
Mr.  Phillips  found  that  acid  of  density  1.497  acquired  a  density  1.541,  that 
is,  was  made  stronger,  by  saturation  with  the  binoxide :  but  those  acids 
which  become  ereen  are  much  weakened,  because  nitrous  acid,  formed  at 
the  expense  of  the  nitric  acid,  is  decomposed  by  the  water  of  the  solntion. 

All  the  salts  of  nitric  acid  are  soluble  in  water,  and,  therefore,  it  is  impas- 
sible to  precipitate  that  acid  by  any  reagent  The  presence  of  nitric  acid, 
when  unoombined,  is  readily  detected  by  its  strong  action  on  copper  and 
mercury,  emitting  ruddv  fumes  of  nitrous  acid,  and  by  its  forming  with 
potassa  a  neutral  salt,  which  crystallizes  in  prisms,  and  naa  all  the  proper- 
ties of  nitre.  Gold-leaf  u  a  still  more  delicate  test  When  hydrochloric 
acid  is  added  to  the  solution  of  a  nitrate,  chlorine  is  disengaged,  and  the 
liauid  hence  acquires  the  property  of  dissolving  gold4eaf ;  but  as  the  action 
oi  hydrochloric  acid  on  the  salts  of  chloric,  bromic,  iodic,  and  selenic  acids 
likewise  yields  a  solution  capable  of  dissolving  gold,  no  inference  can  be 
drawn  from  the  experiment,  unless  tlie  absence  of  these  acids  shall  have 
been  previously  demonstrated.  Another  character  which  may  be  usefiil  is 
to  mix  the  supposed  nitric  acid  or  nitrate  with  dilute  sulphuric. acid  in  a 
tube,  add  a  &w  fragments  of  pure  zinc,  and  set  fire  to  the  hydrogen  as  it 
issues :  if  nitric  acid  be  present,  the  flame  of  the  hydrogen  will  have  a 
greenish.white  tint,  doe  to  admixture  with  binoxide  of  nitrogen.  This  test 
occurred  to  my  assistant,  Mr.  Belmain,  and  Mr.  Maitland  at  the  same  time 
proposed  alcohol  instead  of  zinc  with  the  same  intention.  A  very  delicate 
test  has  been  proposed  by  Dr.  O'Shaugnessy,  founded  on  the  orange-red  f<^. 
lowed  by  a  yellow  colour,  which  nitric  acid  communicates  to  morphia. 
The  supposed  nitrate  is  heated  in  a  tedTtube  with  a  drop  of  sulf^uric  acid, 
and  then  a  crystal  of  morphia  is  added.  (Lancet,  1829-30.)  It  is  advisable 
to  try  the  process  in  a  separate  tube  with  the  sulphuric  acid  alone,  in  order 
to  prove  the  absence  of  nitric  acid. 


SECTION   VI. 

CARBON. 

When  wood  is  heated  to  a  certain  degree  in  the  open  air,  it  takes  fire, 
and  burns  with  the  formation  of  water  and  carbonic  acid  gas  tUl  the  whole 
of  it  is  consumed.  A  small  portion  of  ashes,  consisting  of  the  alkaline  and 
earthy  matters  which  had  formed  a  part  of  the  wood,  is  the  sole  residue. 
But  if  the  wood  be  heated  to  redness  in  close  vessels,  so  that  atmoepherie 
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•ir  eranot  have  finoe  aoeen  lo  h,  a  large  quantity  of  gaaeoot  and  olhar  vofau 
tile  matlen  ia  expelled,  and  a  black,  hard,  poroua  snbaUnoe  is  left,  called 
cAmnvoL 

Charooal  may  be  procured  from  other  soureet.  When  the  ToUtile  matters 
are  driven  off  from  coal,  as  in  the  process  ibr  makiiv  ooal  gaa,  a  peculiar 
kind  of  chatooal,  called  cofte,  zemains  in  the  retort  Most  animal  and  Tege- 
table  sobetancee  yield  it  when  ignited  in  dose  ▼cssels.  Thus,  a  very  pure 
charcoal  may  be  procured  from  starch  or  sugar;  and  from  the  oil  of  turpen* 
tine  or  spirit  of  wine,  by  passing  their  vapour  through  tubes  heated  to  red- 
ness. When  bones  are  msde  red-hot  in  a  covered  crucible,  a  Uack  mass  re- 
mains, which  consists  of  charcoal  mixed  with  the  earthy  matters  of  the 
bone.    It  is  called  ivory  Uaek^  or  animal  ekareoai, 

Qiarooal  is  hard  and  brittle,  conducts  heat  very  slowly,  but  is  a  good  con-. 
ductor  of  electricity.  Il  is  quite  insoluble  in  water,  is  attacked  with  difficulty 
by  nitric  scid,  and  is  little  effected  by  any  of  the  other  acids,  or  by  the  slksliea. 
It  undergoes  little  change  from  exposure  to  air  and  moisture,  being  less  injur- 
ed under  these  circumstances  than  wood.  It  is  exceedingly  refractory  in  the 
fire,  if  excluded  from  the  air,  supporting  the  most  intense  heat  which  che- 
mists are  able  to  produce  without  change. 

Charooal  possesses  the  property  of  absorbing  a  large  quantity  of  air  or 
other  gsaes  at  common  temperatures,  and  of  yielding  the  greater  part  of 
them  acain  when  it  is  heated.  It  appears  from  the  researches  of  Saussure, 
that  diierent  gases  are  absorbed  by  it  in  difierent  proportbas.  His  experi- 
ments were  performed  by  plunging  a  piece  of  red-hot  charcoal  under  mer- 
cury, and  introducing  it  when  ooolinto  the  gas  to  bo  absorbed.  He  Ibund 
that  charcoal  prepared  from  box-wood  absorbs,  during  the  space  of  34  or  96 
hoars,  of 


Ammoniaeal  gas 

.      90  times  its  rohime. 

Muriatic  acid 

85 

Sulphurous  acid 

.      .      65 

Sulphuretted  hydrogen      . 

55 

Nitrous  oxide  . 

.      40 

Carbonic  acid 

35 

defiant  gas     . 

.      35 

Carbonic  oxide 

9.4S 

955 

Nitrogen 

7^ 

Hydrogen 

.        1.75 

The  absorbing  power  of  charcoal,  with  respect  to  gases,  cannot  be  attri- 
buted to  chemi<»l  action ;  for  the  quantity  of  each  gas,  which  is  absorbed, 
bears  no  relation  whatever  to  its  affinity  for  charcoal.  The  effect  is  in 
reality  owing  to  the  peculiar  porous  texture  of  tliat  substance,  which  enables 
it,  in  common  with  roost  spongy  bodies,  to  absorb  more  or  less  of  all  gases, 
vapours,  and  liquids  with  which  it  is  in  contact.  This  property  is  most  re- 
markable in  charcoal  prepared  from  wood,  especially  in  the  compact  varie- 
ties of  it,  the  pores  of  which  are  numerous  and  sroalL  It  is  materially  di- 
minished by  reducing  the  charcoal  to  powder ;  and  in  plumbago^  which  has 
not  the  requisite  degree  of  porosity,  it  is  wanting  altogether. 

'Dm  porous  texture  of  charcoal  accounts  for  me  fiict  of  absorption  only ; 
its  power  of  absorbing  more  of  one  gas  than  of  another,  must  be  explained 
on  a  difierent  prindpTe.  This  effect,  though  modified  to  all  appearance  by 
the  influence  of  chemical  attraction,  seems  to  depend  chiefly  on  the  natural 
elasticity  of  the  gases.  Those  which  possess  such  a  great  degree  of  elasti- 
city as  to  have  hitherto  resisted  all  attempts  to  oondoise  them  into  liquids, 
are  absorbed  in  the  smallest  proportion ;  while  those  that  admit  of  being  con- 
verted into  liquids  by  compression,  are  absorbed  more  freely.  For  thu  rea- 
son, charcoal  absorbs  vapours  more  easily  than  gases,  and  liquids  than 
either. 

Measrs.  Allen  and  Pepys  determined  experimentally  the  increase  in  weight 

16* 
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acperienoed  hy  diflbrant  kindi  of  churooal,  reoeDtly  i^ted*  after  a  week's 
expoeure  to  the  etmoephere.  The  charcoal  from  fir  sained  13  per  oent;  tiiai 
from  lignum  tiUi^  9.6 ;  that  from  hoz,  14 ;  from  beedb,  16J ;  from  oak,  1&5; 
and  frm  mahogany,  18.  The  abaorption  is  moat  rapid  during  the  fint  34 
honra.  The  autatanoe  abaorbed  ia  both  water  and  atmoapheric  air,  which 
the  charcoal  retains  with  each  force,  that  it  cannot  be  completely  aeparated 
from  them  without  expoaure  to  a  red  heat.  Vogel  has  observed  that  char- 
coal absorbs  oxygreD  in  a  much  gfreater  proportion  from  the  air  than  nitro- 
|nen.  Thus,  when  recently  iufnited  charcoal,  cooled  under  mercnry,  was  pot 
wto  a  jar  of  atmospheric  air,  the  residue  contained  only  8  per  cent  of  oxy- 
^en  gas;  and  if  red-hot  charcoal  be  plunged  into  water,  and  then  introduced 
into  a  vessel  of  air,  the  oxygen  disappears  almost  entirely.  It  is  said  that 
pure  nitrogen  may  be  obtained  in  this  way.  (Schweigffer*s  Journal,  iv.) 

Charcot  likewise  absorbs  the  odoriferous  and  cSouring  principfea  of 
most  animal  and  vegetable  substances.  When  coloured  infusions  of  this 
kind  are  digested  wim  a  due  quantity  of  charcoal,  a  solution  is  obtained, 
which  is  nearly  if  not  quite  colourless.  Tainted  flesh  may  be  deprived  of  its 
odour  hy  this  means,  and  foul  water  be  purified  by  filtration  through  char- 
ooaL  The  substance  commonly  employed  to  decolorize  fluids  is  animal 
charcoal  reduced  to  a  fine  powder.  It  loses  the  property  of  absorbing  oo- 
louring  matters  by  use,  but  recovers  it  by  being  heated  to  redness. 

Charcoal  is  highly  combustible.  When  strongly  heated  in  the  open  air,  it 
takes  fire,  and  burns  slowly.  In  oxygen  gas,  its  combustion  is  Uvely,  and 
accompanied  with  the  emission  of  sparka.  In  both  cases  it  is  consumed 
without  flame,  smoke,  or  residue,  if  quite  pure ;  and  carbonic  acid  gas  is 
the  product  of  its  combustion. 

The  pure  inflammable  principle,  which  is  the  characteristic  ingredient  of 
an  kinds  of  charcoal,  is  called  carbon.  In  coke  it  is  in  a  verj  impure  fimn. 
Wood-charcoal  contains  about  l-50th  of  its  weight  of  alkabne  and  earthy 
Mlta,  which  constitute  the  aahes  when  this  species  of  charcoal  is  burned.  In 
plumbago,  the  carbon  is  thought  to  be  combined  with  a  small  portion  of  me- 
Caliic  iron.  Charcoal  derived  fit>m  spirit  of  wine  is  almost  quite  pure;  and 
the  diamond  is  carbon  in  a  state  of  absolute  purity. 

The  diamond  is  the  hardest  substance  in  nature.  Its  texture  is  crystalline 
in  a  high  d^^ree,  and  its  cleavage  verv  perfect  Its  primary  form  is  the  oo- 
tohedron.  Its  specific  gravity  is  3.520.  Acids  and  alkalies  do  not  act  upon 
it ;  and  it  bears  the  most  intense  heat  in  close  vessels  without  fiising  or  un- 
derproing  any  perceptible  change.  Heated  to  redness  in  the  open  air,  it  is 
entirely  consumed.  Newton  first  suspected  it  to  be  combustible  from  its 
freat  refracting  power,  a  conjecture  which  was  rendered  probable  by  the  ex- 
periments of  tne  Florentine  academicians  ia  1694,  and  subsequently  con- 
firmed by  several  philosophers.  Lavoisier  first  proved  it  to  contain  carbon 
by  throwing  the  sun*s  rays,  concentrated  by  a  powerful  lens,  upon  a  dia- 
mond contained  in  a  vessel  of  oxygen  gas.  The  diamond  was  consumed 
entirely,  oxygen  disappeared,  and  carbonic  acid  was  generated.  It  has  since 
been  demon^rated  by  the  researches  of  Guyton-Morveau,  Smithson  Ten- 
nant,  Allen  and  Pepys,  and  Davy,  that  carbonic  acid  is  the  product  of  its 
combustion.  Guyton-Morveau  inferred  from  his  experiments  that  the  dia- 
mond is  pure  carbon,  and  that  charcoal  is  an  oxide  of  carbon.  Tennant 
burned  diamonds  by  heating  them  with  nitre  in  a  geld  tube ;  and  compar- 
lag  his  own  results  with  those  of  Lavoisier  on  the  combustion  of  charcoal, 
he  eoneluded  that  equal  weights  of  diamond  and  pure  charcoal,  in  combin- 
ing with  otygen,  yield  precisely  equal  quantities  of  carbonic  acid.  He  was 
thus  induced  to  adopt  the  opinion,  that  charcoal  and  the  diamond  are  che- 
roicaHy  the  same  substance ;  and  that  the  difference  in  their  physical  cha- 
racter is  scdeiy  dependent  on  a  difference  of  aggregation.*  This  condosion 
was  confirmed  by  the  experiments  of  Allen  and  Pepys,t  and  Davy,t  who 

«  Phllos.  Trans,  for  1797.  t  Ibid.  1807.  t  Ibid.  1814. 
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MBOfund  tin  prodnct  of  the  oombiMtioii  of  the  diamoiid  with  that  d«m«d 
from  diflerent  kinda  of  eharooal.  The  latter  chemist  did  indeed  obaerve  the 
production  of  a  mtnote  quantity  of  water  doringr  the  oombiwtioo  of  the 
poreet  charcoal,  IndlcatiTe  of  a  trace  of  hydrocren ;  hot  its  quantity  is  so 
small,  that  it  cannot  be  regarded  as  a  necesBary  constituent  it  proves  only 
that  a  trace  of  hydrogen  is  retained  hy  charcoal  with  sneh  force,  that  it  can- 
not be  expelled  by  the  temperatare  of  ignition. 

Chemists  are  agreed  that  carbonic  acid  is  a  compound  of  one  equivalent 
or  carbon  and  two  equivalents  of  oxygen,  and  that  carbonic  acid  gas  con* 
tains  its  own  ▼olume  of  oxygen.  Hence  the  ditferenoe  of  the  densities  of 
carbonic  acid  and  oxygen  (1.5239 — IJ034),  or  0.4215  is  the  quantity  of 
carbon  united  with  1.1(34  of  oxygen,  being  the  ratio  of  6.13  to  16.  Dr. 
Thomson,  on  the  same  principles  but  difierent  iacts,  considers  6  as  the  true 
equivalent ;  but  the  composition  of  vegetable  compounds  attests  that  6.13  is 
more  nearly  correct  than  6,  though  the  latter  is  often  a  sufficient  approxima- 
tion. The  hypothetical  density  of  the  vapour  of  carbon,  calculated  as  ex- 
plained at  page  147,  is  0^15,  and  100  cubic  inches  of  it  should  weigh 
13.0714  grains. 

The  composition  of  the  compounds  of  carbon  described  in  this  section  is 
asfidlowa: — 

Carbon.  Oxygen.  Equiv.     Formule. 

-    Carbonic  oxide        6.12  or  1  eq.    +    8  or  1  eq.  s=  14.12    C+  O  or  6, 
Carbonic  add         6.12  or  1  eq.    +  1^  or  2  eq.  a  22.12     C+20  or  C- 
Carbonic  onde  gas  is  theoretically  considered  as  a  compound  of  100  mea- 
■ores  of  the  vapour  of  carbon  and  50  of  oxygen  condensed  into  100  measures ; 
and  carbonic  acid  ^ras,  of  100  measures  of  the  vapour  of  carbon  and  100  <^ 
oxygen  condensed  mto  100  messures. 

CARBONIC  ACID. 

Carbonic  acid  was  discovered  by  Dr.  Black  iif  1757,  and  described  by  him 
in  his  inaugural  dissertation  on  magnesia  under  the  name  affixed  tiir.  He 
observed  &  existence  of  this  ras  in  common  limestone  and  magnesia,  and 
Ibnnd  that  it  may  be  expelled  from  these  substances  by  the  action  of  heat  or 
acids.  He  also  remarked  that  the  same  gas  is  formed  during  respiration, 
fermentation,  and  combustion.  Its  composition  vras  first  demonstrated 
synthetically  by  Lavoisier,  who  burned  carbon  in  oxygen  gas,  and  obtained 
carbonic  acid  as  the  product.  The  same  experiment  has  been  repeated  by 
Davy,  Allen  and  Pepys,  and  others,  with  the  result  that  in  the  combustion 
of  diamond  or  other  pore  carbonaceous  matter,  the  oxygen  under|foes  no 
change  of  volume,  or  in  other  words  that  carbonic  acid  gas  contains  its  own 
▼olome  of  oxygen.  Smithson  Tennant  illustrated  its  nature  analytically  by 
passing  the  vapour  of  phosphorus  over  chalk,  or  carbonate  of  Ume  heated  to 
redness  in  a  ghss  tube.  The  phosphorus  took  oxygen  from  the  carbonic 
add,  charcoal  in  the  form  of  a  light  black  powder  was  deposited,  and  the 
phosphoric  acid,  which  was  formed,  united  with  the  lime. 

Carbonic  acid  is  most  conveniently  prepared  for  the  purposes  of  experi- 
ment by  the  action  of  hydrochloric  add,  diluted  with  two  or  three  times  its 
wdght  of  water,  on  fragments  of  marUe,  when  the  hydrochloric  add  takes 
the  Time,  and  carbonic  acid  gas  escapes  with  effisrvesoence. 

Carbonic  acid,  as  thus  procured,  is  a  colourless,  inodorous,  elastic  fluid, 
which  possesses  all  the  physical  characters  of  the  gases  in  an  eminent 
de^ee,  and  requires  a  pressure  of  thirty-six  atmospheres  to  condense  it  into 
a  hquid.  The  exact  knowledge  of  its  density  is  still  an  important  desidera- 
tum: it  is  estimated  at  1.524  by  Dulong  and  Berzellus,  and  at  1.5277  by 
Dr.  Thomson.  (First  Principles,  1. 143.)  According  to  the  estimate  of  the 
former,  which  I  have  adopted,  100  cubic  inches  should  weigh  4756  grains. 

Carbonic  add  extinguishes  burning  substances  of  all  kinds,  and  the  cam- 
"    i  does  not  cease  from  the  want  of  oxygen  only.    It  exerts  a  positive 
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iBfljoenee  ia  oheokingr  oombostioiit  m  «ppean  from  the  fwd,  that  a  candle 
cannot  bora  in  a  fueooe  mixture  oompoaed  of  four  meaaures  of  atmoapberic 
air  and  one  of  carbonic  acid. 

It  ia  not  better  qualified  to  aoaport  the  respiration  of  animals ;  for  ita  pre. 
aenoe,  even  in  moderate  proportion,  ia  aoon  fatal.  An  animal  cannot  live  in 
air  which  cootaina  aufficient  oarbooic  acid  for  eztinguiahingr  a  lighted 
candle ;  and  hence  the  practical  role  of  letting  down  a  Imming  taper  into 
aid  wella  or  pita  before  any  one  yenturea  to  deacend.  If  the  light  ia  eztio- 
goiahed,  the  air  ia  certainly  impure  4  and  there  ia  generally  thought  to  be 
no  danger,  if  the  candle  continuea  to  burn.  But  aome  inatancea  have  been 
known  of  the  atmosphere  being  aufficiently  loaded  with  carbonic  acid  to 
produce  inaenaibility,  and  yet  not  ao  impure  aa  to  eztinguiah  a  burning  can* 
<Ue.  (Chriatiaon  on  Poiaona,  Snd  Ed.  707.)  When  an  attempt  is  made  to 
inapire  pure  carbonic  acid,  violent  apasm  of  the  glottis  tahea  place,  which 
preventa  the  gaa  from  entering  the  lunga.  If  it  be  ao  much  diluted  with 
air  as  to  admit  of  ita  paaaing  the  glottia,  it  then  acta  aa  a  narcotic  poison  on 
the  ayatem.  It  ia  this  gaa  which  haa  often  proved  deatructive  to  peraona 
aleepmg  in  a  confined  room  with  a  pan  of  burning  charcoal. 

Carbonic  acid  ia  quite  incombuatible,  and  cannot  be  made  to  unite  with  an 
additional  portion  of  oxygen.  It  ia  a  compound,  tlierefore,  in  which  carbon 
ia  in  its  higheat  degree  of  oxidation. 

Lime-water  becomes  turbid  when  brought  into  contact  with  carbonic 
acid.  The  lime  unitea  with  the  gaa,  forming  carbonate  of  lime,  which,  from 
ita  insolubility  in  water,  at  first  lendera  the  solution  milky,  and  afterwards 
forma  a  white  flaky  precipitate.  Hence  lime-water  ia  not  only  a  valuable 
teat  of  the  preaence  of  carbonic  acid,  but  ia  frequently  uaed  to  withdraw  it 
altogetlier  fiwn  any  gaseoua  mixture  that  containa  it 

Carbonic  acid  is  absorbed  by  water.  This  may  eaaily  be  demonatrated 
by  agitating  the  gaa  with  that  liquid,  or  by  leaving  a  jar  full  of  it  inverted 
over  water.  In  the  first  case  the  gaa  disappears  in  the  courac  of  a  minute; 
and  in  the  latter  it  is  gradually  absorbed.  Recently  boiled  water  dissolves 
its  own  volume  of  carbonic  acid  at  the  common  temperature  and  pressure ; 
but  it  will  take  up  much  more  if  the  pressure  be  increased.  TJie  quantity 
of  the  ^tm  absorbed  is  in  exact  ratio  with  the  compressing  force ;  that  is, 
water  diaaolvea  twice  ita  volume  when  the  preaaure  ia  doubled,  and  three 
times  its  vdume  when  the  pressure  ia  trebled. 

A  aaturated  aolution  of  carbonic  acid  may  be  made  by  transmittinjr  a 
stream  of  the  gaa  through  a  veasel  of  cold  water  during  the  apace  of  half  an 
hour,  or  still  better  b^  the  uae  of  a  WouIfe*8  bottle  or  Nooth*a  apparatna,  ao 
aa  to  aid  the  absorption  by  preaaure.  Water  and  other  liquida  which  have 
been  charged  with  carbonic  acid  under  great  preaaure,  loae  the  greater  part 
of  the  gaa  when  the  preaaure  ia  removed.  The  effervescence  wbicJi  takes 
place  on  opening  a  bottle  of  ginger  beer,  cider,  or  briak  champaign,  ia  owing 
to  the  eacape  of  carbonic  acid  gaa.  W§ter,  which  ia  fully  saturated  with 
carbonic  acid  gaa,  aparklea  when  it  is  poured  from  one  veaael  into  another. 
The  aolution  haa  an  agreeably  acidulooa  taste,  and  gives  to  litmus  paper  a 
red  stain  which  is  lost  on  exposure  to  the  air.  On  the  addition  of  lime- 
water  to  it,  a  cloudineaa  ia  produced,  which  at  firat  disappeara,  becauee  the 
carbonate  of  lime  is  soluble  in  excess  of  carbonic  acid ;  but  a  permanent 
precipitate  ensues  when  the  free  acid  ia  neutralized  by  an  additional  quan. 
tity  of  lime-water.  The  water  which  containa  carbonic  acid  in  aolution  is 
wholly  deprived  of  the  gaa  by  boiling.  Removal  of  preaaure  from  its  surfine 
by  means  of  the  air-pump  haa  a  aimilar  effect. 

The  agreeable  pungency  of  beer,  porter,  and  ale,  ia  in  a  great  measure 
owing  to  the  preaence  of  carbonic  acid ;  by  the  loss  of  which,  on  exposure  to 
the  air,  they  become  stale.  All  kinds  of  spring  and  well-water  eontain 
carbonic  acid  absorbed  from  the  atmosphere,  and  to  which  they  are  partly 
indebted  for  their  pleaaant  flavour.  Boiled  water  haa  an  inaipid  taste  from 
the  abaence  of  carbonic  acid. 

Carbonic  acid  ia  alwaya  preaent  in  the  atmosphere,  even  at  the  summit 


of  the  higbMt  mouiitaiiifl,  or  at  a  distanoe  of  aevenl  tboonnd  ftet  alw 
groand.  Its  pmenoe  may  be  demonatrated  by  ezpoaiiig  finie-water 
open  veaacl  to  the  air,  when  ita  snrfiice  will  aoon  be  covered  with  a  pi 
which  18  carbonate  of  lime.  The  origin  of  the  carbonic  acid  ia  ol 
Beaidea  bein|r  formed  abundantly  by  the  oombnation  of  all  anbataneea 
contain  carbon,  the  reapiration  of  animala  ia  a  fruitfiil  aource  of  it,  aa  n 
proved  by  breathin|r  for  a  few  minntea  into  lime-water;  and  it  ia  alao  gen 
m  an  the  spontaneona  changea  to  which  dead  animal  and  vegetable  a 
are  aabiecL  The  <»rbonic  add  proceeding  from  anch  aonroea,  ia  ooou 
difinaed  equably  through  the  air ;  but  when  any  of  theae  proceaaea  ooi 
low  confined  aituationa,  aa  at  the  bottom  of  olfl  wella,  the  gaa  ia  then  i 
accumolate  there,  and  form  an  atmoephere  called  choke  damp,  which  ii 
to  any  animals  that  are  placed  in  it  Theae  accumulationa  happily 
take  place,  except  when  there  ia  aome  local  ori^  for  the  carbonic  ad 
for  example,  when  it  ia  generated  by  fermentative  proceaaea  going  on 
9ur&tce  of  the  ground,  or  when  it  iasues  directly  iiom  the  eartii,  aa  ha 
at  the  Grotto  del  Cane  in  Italy,  and  at  Fyrmont  in  Weatphalia.  Thi 
no  real  foundation  for  the  opinion  that  carbonic  acid  can  aeparate  itaell 
the  mat  maas  of  the  atmoaphere,  and  accumulate  in  a  low  aituation  n 
by  Uie  force  of  gravity.  Such  a  auppoaition  ia  contrary  to  the  well-k 
tendency  of  gaaea  to  difiuae  themaelvea  equally  through  each  other, 
alao  contradicted  by  obaervation ;  for  many  deep  pits,  which  are  free 
pntxefying  organic  remaina,  though  otherwiae  fovourably  aituated  foi 
aocnmulationa,  contain  pure  atmoapheric  air. 

Though  carbonic  acid  ia  the  product  of  many  natural  operationa,  chc 
have  not  hitherto  noticed  any  increaae  in  the  quantity  contained  ii 
atmoaphere.  The  only  known  proceaa  which  tenda  to  prevent  increi 
ita  proportion,  ia  that  of  vegetation.  Growing  planta  purify  the  a 
withdrawing  carbonic  acid,  and  yielding  an  equd  volume  of  pnre  ozrg 
return ;  but  whether  a  foil  oompenaation  ia  produced  by  thia  cauae,  ha 
yet  been  aatiafoctorily  determined. 

Carbonic  acid  is  contained  in  the  earth.  Many  mineral'  apringa,  an 
theae  of  Tunbrid^  Pyrmont,  and  Carlabad,  are  highly  charged  wi 
In  combination  with  lime  it  ibrma  extensive  maaaea  of  rock,  which  ( 
giati  have  found  to  occur  in  all  oountriea,  and  in  every  formation. 

Carbonic  acid  unitea  with  alkaline  aubatanoea,  and  the  aalta  ao  conai 
are  called  earbonaU9.    Ita  acid  propertiea  are  foeUe,  ao  that  it  ia  una 
neutralixe  completely  the  alkaluie  propertiea  of  potaaaa,  aoda,  and 
For  the  aame  reaaon,  all  the  carbonatea,  without  exception,  are  deconr 
br  the  hydrochloric  and  all  the  atronger  acids,  when  carbonic  acid 
placed,  and  eacapea  in  the  form  of  gaa. 

CARBONIC  OXIDE  GAS. 

When  two  parts  of  well^iried  chalk  and  one  of  pure  iron  filinga  a 
ed  together,  and  expoaed  in  a  gun  barrel  to  a  red  heat,  a  large  qua 
aeriform  matter  ia  evolved,  which  may  be  collected  over  water.    On 
nation,  it  ia  found  to  contain  two  compoimda  of  carbon  and  oxygen 
which  ia  carbonic  acid,  and  the  other  carbonic  oxide.    By  waah 
mixed  gaaea  with  lime-water,  the  carbonic  acid  ia  abaorbed,  and  ( 
ozide  ^  ia  left  in  a  atate  of  purity.    A  very  elegant  mode  of  pn 
carbnmc  oxide  haa  been  auggeated  by  Dumaa.   (Ed.  Journal  of  Sci 
350.)    The  proceaa  conaiats  in  mixing  buioxakte  of  potaaaa  with  fi 
Umea  ita  weight  of  concentrated  aulfMioric  acid,  and  heating  the  m 
a  retort  or  other  convenient  glaaa  vend.    Efierveaoence  aoon  enanc 
to  the  eacape  of  gaa,  conaiating  of  equal  meaaurea  of  carbonic  acid 
bonic  oxide  gaaea;  and  on  abaorbing  the  former  by  an  alkaline  aol 
laUer  ia  left  in  a  aUte  of  perfect  purity.    To  comprehend  the  thee 
proceaa  it  ia  neoeaaary  to  premiae,  that  oxalic  acid  ia  a  oompouni 
meamirea  of  carbonic  acid  and  carbonic  oxide,  or  at  leaat  ita  elem< 
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IIm  proportimi  to  ferm  these  gases;  tmi  that  it  caimot  exist  imlesB  in  ecmi. 
Mnation  with  water  or  some  other  sabstanoe.  Now  the  sulphuric  mad 
anites  both  with  the  potassa  and  water  of  the  binozalate,  and  the  oxalic  acid 
beini^  thus  set  free,  is  instantly  d^eomposed.  Oxalic  acid  maj  be  enbetitufced 
an  this  process  for  binoxalate  of  potassa. 

Priestley  disoorered  this  gaa  by  igrniting  chalk  in  a  gun-barrel,  and  after- 
wards  obtained  it  in  g^reaier  quantity  froni  chalk  and  iron  fiKngs.  He  sop- 
posed  it  to  be  a  mixtore  of  hydrogen  and  carbonic  acid  gases.  Its  real 
nature  was  pointed  out  by  Mr.  Gruickshank,*  and  about  the  same  time  fay 
element  and  Ddsornie8.t 

Carbonic  oxide  gas  is  colourless  and  insipid.  It  does  not  affiM^  the  blue 
ooknir  of  Tegetables  in  any  way ;  nor  does  it  combine,  like  carbonic  acid, 
with  lime  or  any  of  the  pure  alkalies.  It  is  very  sparingly  dissolved  by 
water.  Lime-water  does  not  absorb  it,  nor  is  its  transparency  affected 
by  it 

Carbonic  oxide  is  inflammable.  When  a  lighted  taper  is  plunged  into  a 
jar  full  of  that  gas,  the  taper  is  extinguished ;  but  the  gas  itself  is  set  on  fire, 
and  bums  calmly  at  its  sur&oe  with  a  lambent  blue  flame.  The  sole  pro- 
duct of  its  combustion,  when  the  gas  is  quite  pure,  is  carbonic  add,  a  fiict 
which  proves  that  it  does  not  contain  any  hydrogen. 

Carbonic  oxide  gas  cannot  support  respiration.  It  acts  injuriously  on  the 
sjrstem;  for  if  diluted  with  air,  and  taken  into  the  lungs^  it  very  soon  occa- 
ttons  headach  and  other  unpleasant  feelings;  and  when  breathed  pure,  it 
almost  instantly  causes  profound  coma. 

A  mixtore  of  carbonic  oxide  and  oxygen  gases  may  be  made  to  explode 
bjr  flame,  by  a  red-hot  solid  body,  or  by  the  electric  spark.  If  they  are 
mixed  together  )n  the  ratio  of  100  measures  of  carbonic  oxide  and  rather 
more  than  50  of  oxygen,  and  the  mixture  is  inflamed  in  Volta's  eudiometer 
by  electricity,  so  as  to  collect  the  product  of  the  combustion,  the  whole  of 
the  carbonic  oxide,  tog€  ' 
100  measures  < 

ascertained    ^  .         ^ ^ ,  _. 

follows  that  carbonic  oxide  contains  half  as  much  oxygen,  and  as  much  car- 
bon,  as  carbonic  acid.  Accordingly  its  density  should  be  0.4215  (sp.  gr.  of 
carbon  vapour)  -|-0.5512  (half  the  sp.  ^,  of  oxygen  gas)  3^0.9727,  which  is 
the  number  found  experimentally  by  Dulong  and  fierzelins.  Hence  100 
cubic  inches  should  weigh  30.1650  grains. 

The  first  process  mentioned  for  generating  carbonic  oxide  will  now  be  in- 
telligible.  The  principle  of  the  method  is  to  bring  carbonic  acid  at  a  red  heat 
in  contact  with  some  substance  which  has  a  strong  affinity  for  oxygen. 
This  condition  is  fulfilled  by  igniting  chalk,  or  any  carbonate  which  can 
bear  a  red  heat  without  decomposition,  such  as  the  carbonate  of  baryta, 
strontia,  soda,  potassa,  or  lithia,  with  half  its  weight  of  iron  filings  or  char- 
coal.  The  carbonate  is  reduced  to  the  caustic  state,  and  its  carbonic  acid 
is  converted  into  carbonic  oxide  by  yielding  oxygen  to  the  iron  or  charcoal. 
When  the  former  is  used,  oxide  ot  iron  is  the  product;  when  charcoal  is 
employed,  the  charcoal  itself  is  oxidized,  and  yields  carbonic  oxide.  This 
gas  may  likewise  be  jfenerated  by  heating  to  redness  a  mixture  of  almost 
any  me^lic  oxide  with  one-sixth  of  its  weight  of  charcoal  powder.  Tlie 
oxides  of  xinc,  iron,  and  copper  are  the  cheapest  and  most  convenient  It 
may  also  be  formed  by  transmitting  a  current  of  carbonic  acid  gas  over 
ignited  charcoal.  In  all  these  processes,  it  is  essential  that  the  ingredients 
be  quite  fk«e  from  moisture  and  hydrogen,  otherwise  some  carburetted  by. 
drogen  gas  would  be  generated.  The  product  should  always  be  washed 
with  fime-water  to  separate  it  fVom  carbonic  acid. 

Dr.  Henry  has  ascertained  that  when  a  succession  of  electric  sparks  is 

^  Nicholson's  Journal,  4ta  Ed.  vol  r.    t  Annales  de  Chimie,  toL  xxzix. 


yiMcd  throof h  carbonio  add  confined  over  mercwy,  a  portion  <^  thai  gaa 
w  oottverted  into  carbooie  oxido  and  Qzygen.  WheQ  a  mixture  of  by£o- 
gen  mod  carbonic  acid  gases  is  electrified,  a  portion  of  tbe  latter  yields  one. 
bait  of  its  oxygen  to  the  former ;  water  is  generated,  and  carbonic  oxide 
produced.  On  electriiying  a  mixture  of  eqod  meaaorea  of  carbonic  oxida 
aod  protoxide  of  nitrogen,  both  gases  aro  decomposed  without  change  of 
Tolame,  and  the  residue  consists  of  equal  measures  of  carbonic  acid  and 
nitrogen  gases.  Tbe  carbonic  oxide  should  be  in  wry  slight  excess,  io  order 
ta  auBore  tbe  success  of  the  experiment  On  this  &ct  is  founded  Dim 
Henry's  method  of  analyzing  protoxide  of  nitrogen,  and  testing  its  porityi 
as  wiu  be  vaore  particularly  mentioned  in  tbe  fourth  part  of  the  work. 


SECTION  VII. 

SULPHUR. 

SoLTBUK  occurs  as  a  mineral  production  in  soaoe  parts  of  the  esrtb,  parti* 
cularly  in  the  neighbourhood  of  volcanoes,  as  in  Italy  and  Sicily.  It  is 
oommonly  fimnd  in  a  massive  state ;  but  it  is  sometimes  met  with  crystal* 
lized  in  the  form  of  an  oblique  rhomtMC  octohedron.  It  exists  much  mora 
abundantly  in  combination  with  several  metals,  such  as  silver,  copper,  anti- 
monj,  lead,  and  iron.  It  ia  procured  in  large  quantity  by  exposing  iron 
pyrites  taa  red  heat  in  close  vessels. 

Sulphur  is  a  brittle  solid  of  a  greenish-^ellow  colour,  emits  a  peculiar 
odour  when  rubbed,  and  has  little  taste.  It  is  a  non-conductor  of  electricity, 
and  is  excited  negatively  by  friction.  Its  specific  gravity  is  1.99.  lis  point 
of  fusion  is  216°  F ;  between  230^  and  200°  it  possesses  the  highest  degree 
of  fluidity,  is  then  of  an  amber  colour,  and  if  cast  into  cylindrical  moulds, 
forms  the  common  roll  sulphur  of  commerce.  It  begins  to  thicken  near 
330°,  and  acquires  a  reddish  tiut;  and  at  temperatures  between  428^  and 
4820,  it  la  so  tenacious  that  the  vessel  may  be  inverted  without  causing  it  to 
change  its  place.  From  4S39  to  its  boiling  point  it  sgain  becomes  Squid, 
but  never  to  the  same  extent  as  when  at  248°.  When  heated  to  at  least 
428^,  and  then  poured  into  water,  it  becomes  a  ductile  mass,  which  may  be 
used  for  ukins  the  impressiou  of  seals.  (Dumas.) 

Fused  sulphur  has  a  tendency  to  crystallize  in  cooling.  A  crystalline 
arrangement  is  perceptible  in  the  centre  of  common  roll  sulphur ;  and  by 
good  management  regular  crystals  may  be  obtained.  For  this  purpose 
several  pounds  of  sulphur  should  be  melted  in  an  earthen  crucible;  and 
when  partXdly  cooled,  the  outer  solid  crust  shooM  be  pierced,  and  the 
crociUe  quickly  inverted,  so  that  the  inner  and  as  yet  fluid  psrts  may  gra^ 
dually  flow  out.  On  breaking  the  solid  mass,  when  quite  cold,  crystals  of 
sulpliur  will  be  found  in  its  interior. 

Sulphur  is  very  volatile.  It  begins  to  rise  slowly  in  vapour  even  befi>re 
it  is  completely  fiised.  At  550°  or  600<^  F.  it  volatilizes  rapidly,  and  con- 
denses sgain  unchanged  in  close  vessels.  Common  sulphur  is  purified  by 
this  process;  and  if  the  sublimation  be  conducted  slowly,  the  sulphur  col- 
lects in  the  receiver  in  the  form  of  detaohed  crystalline  grains,  called  .^otocrs 
of  sulphur.  In  this  state  however,  it  is  not  quite  pure;  for  the  ox^pgen  of 
the  air  within  the  apparatus  combines  with  a  portion  of  sulphur  during  the 
process,  and  forms  sulphurous  acid.  The  acid  may  be  removed  by  washing 
the  flowers  repeatedly  with  water. 

The  density  of  sulphur  Vapour  was  found  by  Dumas  to  lie  between  6.51 
and  6,617,  and  by  Mitecherlich  to  be  6.9  (An.  de  Ch.  et  de  Ph.  W.  8.) :  hs 
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denmty  by  cakulalion  (|Mge  14Q  »  6*6558.  Henoe,  ooold  the  vapour  eoQ- 
tinue  u  such  at  60^  F.  and  30  Bar^  100  cable  iDchea  ahould  weigh  20&4076 
grains. 

Sulphur  ia  ifiK^nble  in  water,  bat  nnitea  with  it  under  layoarable  areom- 
•tances,  forming  the  white  hjfdrate  of  milpkmr^*  termed  lac  ndphuria.  It 
diseoWea  readily  in  boiling  oil  of  turpentine.  The  aolntion  has  a  reddish* 
brown  colour  like  melted  sulphur,  and  if  fully  saturated  deposites  numerous 
small  crystals  in  cooling.  Sulphur  is  also  soluble  in  alcohol,  if  both  sub- 
stances are  brought  together  in  the  form  of  vapour.  The  sulphur  is  preeipi^ 
fated  from  the  solution  by  the  addition  of  water. 

Sulphur,  Uke  charcoal,  retains  a  portion  of  hydrogen  so  obstinately  that 
it  cannot  be  wholly  freed  from  it  either  by  fusion  or  sublimation.  Sir  H. 
Davy  detected  its  presence  by  exposing  sulphur  to  the  strong  heat  of  a  pow- 
erful galvanic  battery,  when  aome  hydrosulpburic  acid  gas  waa  disenjfaged. 
The  hydrogen,  from  its  minute  quantity,  can  onl^  be  regarded  in  the  hght  of 
an  accidental  impurity,  and  as  in  no  wise  essential  to  the  nature  of  sulphur. 

When  sulphur  is  heated  in  the  open  air  to  300<^  or  a  little  higher,  it  kin- 
dies  spontaneously,  and  bums  with  a  faint  blue  liffht  In  oxygen  gas  its 
eombustion  u  far  more  vivid ;  the  flame  is  much  larger,  and  of  a  Uuiab- 
wbite  colour.  Sulphurous  acid  is  the  product  in  both  instances ; — no  saL 
phuric  acid  is  formed  even  in  oxyjpn  gas  unless  moisture  be  present 

The  oxygen  in  the  oxide  and  acid  of  neutral  sulphates  is  in  the  ratio  of  1 
to  3 ;  ao  that  when  the  composition  of  a  metallic  oxide,  and  the  quantity  of 
acid  by  which  it  is  neutraJiied  are  known,  the  equivalent  of  sulphur  ma^  he 
calculated.  On  this  principle  has  fienelius  inferred,  from  the  compositiaD 
of  sulphate  of  the  oxide  of  lead,  that  the  equivalent  of  sulphur  is  16.13 ;  and 
the  number  which  1  have  obtained  in  the  same  way  fW>m  the  same  salt  and 
from  sulphate  of  baryta,  is  16.09.  As  a  mean  of  these  results,  16.1  may  be 
taken  as  the  equivalent  of  sulphur.  The  number  16,  adopted  in  this  country, 
is,  therefore,  for  manv  purposes  a  sufficient  approximation. 

The  compounds  of'^ sulphur  described  in  this  section  are  composed  aa  fol- 


Sulphur.  Oxygen.      Equiv.      Formula. 

Sulphurous  add  16.1  or  1  eq.  4. 16  or  2  eq.  s  32.1      S4-20  or  S 

Sulphuric  acid  16.1  or  1  eq.  +24  or  3  eq. «  40.1       S-f  30  or  S' 

Hyposulphurous  add    32.2  or  2  eq.  + 16  or  2  eq.  =  48.2  2S-f-20  or  S 

Hyposulphurio  acid      32J3  or  2  eq.  +  40  or  5  eq. »  72i2    2S-|-50  or  S 

Taking  16.66  as^  the  combining  volume  of  the  vapour  of  sulphur,  the 
weight  of  which  is  represented  by  1.1093  (page  149),  these  compounds  by 
measure  are  thus  constituted : — 

Sulph.     Oxy.  Cond.into.            Densities. 

Sulphurous  acid          16.66+100  100          1.10934-1.1024:s2.2n7 

Sulphuric  add            16.66  4.150  100          1.10934- 1.6536s2.7629 

Hyposulphurous  add  33.33  +100  unknown. 

Hyposulphurio  add     33.33  -j-250  unknown. 

SULPHUROUS  ACID  GAS. 

Pure  sulphurous  acid,  at  the  common  temperature  and  pressure,  is  a  co- 
lourless transparent  gas,  which  was  first  obtained  in  a  separate  state  by 
Priestley.    It  is  the  sole  product  when  sulphur  is  burned  in  air  or  dry  oxy- 

*  Beraelius  asserts,  that  the  lac  sulphuris  is  not  a  hydrate,  but  sulphur 
united  with  a  minute  portion  of  hydrogen.r— £<(. 
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ffen  gas,  and  b  the  etoM  <^  the  peonliar  odour  emitted  by  that  rabalaiiee 
daang  its  oombnstion.  It  may  ako  be  prepared  by  depriving  aolpharic  add 
cf  one  equivalent  of  ita  oxygen,  which  may  be  done  in  aeveral  waya.  If 
chips  of  wood,  straw,  cork,  oU,  or  other  vegeUble  mattera,  be  heated  in 
^ong  sulphuric  acid,  the  carbon  and  hydrogen  of  those  substances  deprive 
the  acid  of  part  of  its  oxygen,  and  convert  it  into  sulphurous  acid.  Nearly 
all  the  metals,  with  the  aid  of  heat,  have  a  similar  effect  One  portion  of  sut 
phuric  acid  yields  oxygen  to  the  metal,  and  is  thereby  converted  into  sul- 
phuroua  acid ;  while  the  metallic  oxide,  at  the  moment  of  its  formation, 
unites  with  some  of  the  undecomposed  sulphuric  add.  The  best  method  of 
obtainii^  pure  sulphurous  add  gas,  is  by  putting  two  parts  of  mercury  and 
three  of  sulphuric  acid  into  a  glass  retort,  the  beak  of  which  is  reoeiTed 
under  mercury,  and  heating  the  mixture  by  an  Argand  lamp.  Effervescence 
soon  takes  place,  a  krgc  quantity  of  pure  sulphurous  add  ia  disengaged,  and 
sulphate  of  an  oxide  of  mercury  remains  in  the  retort 

Sulphurous  acid  gas  is  disUnguished  from  all  other  gaseous  fluids  by  its 
suffocating  pungent  odour.  All  burning  bodies,  when  immersed  in  it,  are 
extinguished  without  setting  fire  to  the  gas  itseU:  It  is  fatal  to  all  animals 
which  are  pkced  in  it.  A  violent  spasm  of  the  glottis  takes  place,  by  which 
the  entrance  of  the  gas  into  the  lungs  is  prevented ;  and  even  when  diluted 
with  air,  it  excites  cough,  and  causes  a  peculiar  uneasiness  about  the  chest. 

Recently  boiled  water  dissolves  about  33  times  its  volume  of  sulphurous 
add  at  eXP  F.  and  30  inches  of  the  barometer,  forming  a  solution  which 
haa  the  peculiar  odour  of  that  compound,  and  from  which  the  gas,  unchanged 
in  its  properties,  may  be  expdled  by  ebullition. 

(Sulphurous  acid  has  considerable  bleaching  properties.  It  reddens  litmus 
paper,  and  then  slowly  bleaches  it.  Most  vegetable  colouring  matters,  such 
as  those  of  the  rose  and  violet,  are  speedily  removed,  without  being  first  red- 
dened. It  is  remarkable  that  the  colouring  principle  is  not  destroyed ;  for  it 
may  be  restored  either  by  a  stronger  acid  or  by  an  alkali. 

Sir  H.  Davy  inferred  from  bis  experiments  on  the  oombostion  of  sulphur 
in  dry  oxy^n  gas,  (ElemenU,  p.  273,)  that  the  vohime  of  the  oxygen  is  not 
altered  dnrmg  the  process,  or  that  sulphurous  acid  gas  contains  its  own  to- 
lume  of  oxygen,  a  conclusion  which  is  now  admitted ;  and,  therefore,  the 
difference  m  the  densities  of  these  gases  gives  the  quantity  of  combined  suL 
phur.  Adopting  2.2117  as  the  density  of  sulphurous  acid  gas,  then  2.2117^ 
1,1024  (ap.  gr.  of  oxyiren)  =  1.1093  as  the  sulphur  combined  with  1.1024  of 
oxypn;  now  1.1024  is  to  1.1093  as  16  to  16.1,  being  the  compodtion  al- 
ready given.  I  have  in  iact  selected  2^2117  as  the  density  of  sulphurous  add 
gas  on  account  of  this  ooinddence,  seeing  that  the  density  as  found  by  ex« 
periment  cannot  be  relied  on:  Berzelius  makes  it  2.247,  and  Thomson 
2i222,  both  of  which  are  too  hi^h,  if  the  density  of  oxygen  is  1.1024. 
Agreeably  to  this  view  100  cubic  inches  of  sulphurous  add  gas  should 
wdg^h  68,5885  grains. 

Though  sulphurous  add  cannot  be  made  to  burn  by  the  approach  of 
flame,  it  has  a  very  strong  attraction  for  oxygen,  uniting  with  it  under  fa- 
vourable circumstances,  and  forming  sulphuric  acid.  The  presence  of 
moisture  is  essential  to  this  change.  A  mixture  of  sulphurous  acid  and  oxy- 
gen gases,  if  quite  dry,  may  be  preserved  over  mercury  for  any  length  of 
time  without  chemical  action.  But  if  a  liUle  water  bo  admitted,  the  sul- 
phurous add  gradually  unites  with  oxygen,  and  sulphuric  acid  is  generated. 
The  facility  with  which  this  change  ensues-  is  such,  that  a  solution  of  sul- 
phurous acid  in  water  cannot  be  preserved,  except  atmospheric  air  be  care- 
fully excluded.  Many  of  the  chemical  properties  of  sulphurous  acid  are 
owing  to  its  affinity  for  oxygen.  When  mixed  with  peroxide  of  iron  in  so- 
lution, it  gradually  deprives  that  compound  of  part  of  its  oxygen,  and  con- 
verts it  into  the  protoxide.  The  solutions  of  metals  which  have  a  weak  affi- 
nity for  oxygen,  such  as  gold,  platinum,  and  mercury,  are  coniplelely 
decomposed  by  it,  th/ose  substances  being  precipitated  in  the  metallic  form. 
Kitric  acid  converts  it  instantly  into  sulphuric  acid  by  yielding  some  of  its 
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oxygen.  Peroxide  of  manganeee  causef  a  rimilar  ehangre,  and  ia  itself  oon« 
verted  into  protoxide  of  manganese,  which  unites  wit^i  the  resulting  8«1« 
phnric  acid. 

Sulphurous  acid  gas  may  be  passed  through  red-hot  tubes  without  deeotn- 
position.  Several  subitances  which  have  a  strong  affinity  for  oxygen,  soch 
as  hydrogen,  carbon,  and  potassium,  decompose  it  at  the  temperature  of 
ignition. 

Of  all  the  gases,  sulphuroui  acid  is  most  readily  liquefied  by  compression. 
According  to  Mr.  Faraday,  it  is  condensed  by  a  force  equal  to  the  pressure 
of  two  atmospheres.  M.  Bossy  (Annals  of  Phil.  viii.  307,  N.  8.)  has  ob- 
tained  it  in  a  liquid  form  under  the  usual  atmospheric  pressure,  by  passing 
it  through  tubes  surrounded  by  a  freezing  mixture  of  enow  and  salt.  The 
anhydrous  liquid  scid  has  a  density  of  1.45.  It  boils  at  14°  F. ;  and  from 
the  rapidity  of  its  evaporation  at  common  temperatures,  it  may  be  used  ad- 
▼antageously  for  producing  intense  cold,  Bussy  succeeded  in  freezing  mer- 
cury, and  liquefying  several  of  the  gases,  by  the  cold  produced  during  its 
evaporation.  De  la  Rive  states  it  to  be  a  non-conductor  of  electricity  ;  but 
Mr.  Kemp,  of  Edinburgh,  found  it  to  be  a  good  conductor.  The  former  adds, 
also,  that  when  exposed  to  cold  in  the  moist  state,  a  crystalline  solid  hydrate 
is  formed,  which  contains  20  per  cent  of  water,  and  probably  consists  of 
one  equivalent  of  the  acid  to  one  of  water. 

Sulphurous  acid  combines  with  metallic  oxides,  and  forms  salts  which  are 
called  nUphiteSt  which  are  decomposed  by  sulphuric  acid,  and  then  emit 
the  characteristic  odour  of  sulphurous  acid. 

SULPHURIC  ACID. 

Sulphuric  acid,  or  oil  of  vitriol  as  it  is  often  called,  was  discovered  by  Ba- 
sil Valentine  towards  the  close  of  the  I5th  century.  It  is  procured  for  tlie 
purposes  of  commerce  by  two  methods.  One  of  these  has  been  long  pursued 
in  the  manufactory  at  Nordhausen  in  Germany,  and  consists  in  decompoe. 
ing  protosulphate  of  iron  (green  vitriol)  by  heat.  This  salt  contains  six  equiva- 
lents of  water  of  crystallization ;  and  when  strongly  dried  by  the  fire,  it 
crumbles  down  into  a  white  powder,  which,  according  to  Dr.  Thomson, 
contains  one  equivalent  of  water.  On  exposing  this  dried  protosulphate  to  a 
red  heat,  its  acid  is  wholly  expelled,  the  greater  part  passing  over  unchanged 
into  the  receiver,  in  combination  with  the  water  of  the  salt.  Part  of  the 
acid,  however,  is  resolved  by  the  strong  heat  employed  in  the  distillation 
into  sulphurous  acid  and  oxyfren.  The  former  escapes  as  gas  throughout  the 
whole  process ;  the  latter  only  in  the  middle  and  latter  stsres,  since,  in  the 
beginning  of  the  distillation,  it  unites  with  tlie  protoxide  of  iron.  Peroxide 
of  iron  is  the  sole  residue. 

The  acid,  ss  procured  by  this  process,  is  a  dense,  oily  liquid  of  a  brown- 
ish tint  It  emits  copious  white  vapours  on  exposure  to  the  air,  snd  is  hence 
called  fuming  avlpkurie  aeid.  Its  specific  gravity  is  stated  at  1.896  and 
1.90.  According  to  Dr.  Thomson  it  consists  of  80  parts  or  two  equiva- 
lents  of  anhydrous  acid,  and  9  parts  or  one  equivalent  of  water. 

On  putting  this  acid  into  a  glass  retort,  to  which  a  receiver  surrounded 
by  snow  is  securely  adapted,  and  heating  it  gently,  a  transparent  colourless 
vapour  passes  over,  which  condenses  into  a  white  crystalline  solid.  This 
substance  is  shown  by  the  experiments  of  Thomson,  Ure,  and  Bossy,  to  be 
pure  anhydrous  sulphuric  acid.  It  is  tough  and  elastic ;  liquefies  at  66^  F. 
and  boils  at  a  temperature  between  104^  and  122^,  forming,  if  no  moisture 
is, present,  a  transparent  vapour.  Exposed  to  the  air,  it  unites  with  watery 
▼dpour,  and  flies  ofiT  in  the  form  of  dense  white  fumes.  The  residue  of  the 
distillation  is  no  longer  fuming,  and  is  in  every  respect  similar  to  the  com- 
mon  acid  of  commerce. 

The  other  process  for  forming  sulphuric  acid,  which  is  practised  in  Bri- 
tain  and  in  most  parts  of  the  (>>ntinent,  is  by  burning  sulphnr  previously 
mixed  with  one-eighth  of  its  weight  of  nitrate  of  potassa.    The  mixture  ia 
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barned  io  a  furnace  so  coDtrived  thai  the  current  of  air,  Whicfi  sapports  the 
combustion,  conducts  the  gaseous  products  into  a  large  leaden  chamber,  the 
bottom  of  which  is  covered  to  the  depth  of  several  inches  with  water.  The 
nitric  acid  yields  oxygen  to  a  portion  of  sulphur,  and  converts  it  into  std- 
pharic  acid,  which  combines  with  the  potassa  of  the  nitre ;  while  the  greater 
part  of  the  sulphur  forms  sulphurous  acid  by  uniting  with  the  oxygen  of 
the  air.  The  nitric  acid,  in  losing  ozy^n,  is  convert^,  partly  perhaps  into 
nitrous  acid,  but  chiefly,  I  apprehend,  mto  binoxide  of  nitrogen,  which,  by 
mixing  with  air  at  the  moment  of  its  separation,  gives  rise  to  the  red  nitrous 
acid  vapours.  The  gaseous  substances,  present  in  the  leaden  chamber,  are, 
therefore,  sulphurous  and  nitrous  acids,  atmospheric  air,  and  watery  va^ 
pour.  The  explanation  of  the  mode  in  which  these  substances  react  on  each 
other,  so  as  to  form  sulphuric  acid,  was  suggested  by  the  experiments  of 
Clement  and  Disomies,  (An.  dc  Ch.  lix.)  and  Sir  H.  Davy,  (Elements^  p. 
276.)  When  dry  sulphurous  acid  gas  and  nitrous  vapour  are  mixed  to- 
gether in  a  glass  vessel  quite  free  from  moisture,  no  dianffe  ensues  ;  but  if 
a  few  drops  of  water  be  added,  in  order  to  fill  the  space  wiui  aqueous  vapour, 
the  white  crystalline  compound,  described  at  page  179  is  immediately  pro- 
duced. Clement  and  IMsormes  believed  it  to  consist  of  sulphuric  acid,  bin- 
oxide  of  nitrogen,  and  water ;  and  Davy,  of  sulphurous  acid,  nitrous  acid, 
and  water.  But  the  observation,  that  the  same  compound  might  be  made 
with  sulphuric  and  anhydrous  nitrous  acids,  and  that  when  decomposed  by 
water,  both  nitrous  acid  and  binoxide  of  nitrogen  are  disengaged,  led  Gay- 
Lussac  to  the  opinion  which  now  seems  to  be  Ailly  substantiate  by  experi- 
ment. (Page  179.)  A  consistent  account  may,  therefore,  be  given  of  what 
really  takes  place  witljin  the  leaden  chambers. — ^The  mutual  reaction  of  hu- 
midity, sulphurous  acid,  and  nitrous  acid,  gives  rise  to  the  crystalline  com- 
pound  of  sulphuric  acid,  hyponitrous  acid,  and  water ;  and  when  •this  solid 
faUs  into  the  water  of  the  chamber,  it  is  instantly  decomposed,  sulphuric 
acid  is  dissolved,  and  nitrous  acid  and  binoxide  of  nitrogen  escape  with  ef- 
fervescence. The  nitrous  acid  Uius  set  free,  as  well  as  that  reproduced  by 
the  binoxide  uniting  with  the  oxygen  of  the  atmosphere,  is  again  intermixed 
witli  sulphurous  acid  and  humidity,  and  thus  gives  rise  to  a  second  portion 
of  the  crystalline  solid,  which  undergoes  the  same  change  as  the  firsL  A  oer- 
tain  portion  of  nitric  acid  is  usually  formed  by  the  action  of  water  on  the 
nitrous  acid ;  but  the  presence  of  sulphuric  acid  in  that  water  tends  to  pre- 
vent the  free  decomposition  of  nitrous  acid  which  pure  water  produces. 
When  the  water  of  the  chamber  by  these  successive  combinations  and  de- 
compositions is  sufficiently  charged  with  acid,  it  is  drawn  offt  ^nd  concen- 
trated by  evaporation.  'During  this  process,  if  carried  far  enough,  the  nitric 
acid  formed  in  the  leaden  chamber  is  expelled.  From  the  foregoing  account 
it  consequently  appears  that  the  oxygen,  by  which  the  sulphurous  is  con- 
verted  into  sulphuric  acid,  is  in  reality  supplied  by  the  air ;  that  tlie  combi- 
nation ia  effected,  not  directly,  but  through  the  medium  of  nitrous  acid ;  and 
that  a  small  quantity  of  nitrous  acid  is  sufficient  for  the  production  of  a 
brge  quantity  of  sulphuric  acid.  The  decomposition  of  the  crystalline  solid 
by  water  seems  owing  to  the  strong  affinity  of  that  liquid  for  sulphuric  acid. 

Sulphuric  acid,  as  thus  prepared,  is  never  quite  pure.  It  contains  some 
sulphate  of  potassa  and  of  lead,  the  former  derived  from  the  nitre  employed 
in  making  it,  and  the  latter  from  the  leaden  chamber.  To  separate  these 
impurities,  the  acid  should  be  distilled  from  a  glass  or  platinum  retort.  The 
former  may  be  used  with  safety  by  putting  into  it  some  fragments  of  plati. 
num  lea^  which  eause  the  acid  to  boil  freely  on  the  application  of  heat, 
without  danffer  of  breaking  the  vesseL 

Pure  sulphuric  acid,  as  obtained  by  the  second  process,  is  a  dense,  colour- 
less, oily  fluid,  which  boils  at  &iO^  F.,  and  has  a  specific  gravity,  in  its  most 
craoentrated  form,  of  1.847  or  a  little  higher,  never  exceeding  1.850.  Mits- 
cherlich  found  the  density  of  its  vapour  to  be  3 ;  but  the  ealculated  number, 
2.7639,  is  probably  nearer  the  trutli.  It  is  one  of  the  stronmt  acids  with 
which  cbenists  are  acquainted,  and  when  undiluted  U  powerfully  corrosive, 
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It  decompoMB  all  animal  and  Te^etable  suhstanoes  by  the  aid  of  heat,  caus- 
ing deposition  of  charcoal  and  formation  of  water.  It  has  a  strgng  aoar 
taste,  and  reddens  litmus  paper,  even  though  greatly  diluted.  It  unites  with 
alkaline  substances,  and  separates  all  other  acids  more  or  less  completely 
from  their  combinations  with  the  alkalies. 

Sulphuric  acid  in  a  very  concentrated  state  dissolves  small  quantitiM  of 
sulphur,  and  acquires  a  blue,  green,  or  brown  tint  Tellurium  and  selenium 
are  also  sparingly  dissolved,  the  former  causing  a  crimson,  and  the  latter  a 
green  colour.  By  dilution  with  water,  these  substances  subside  unchanged  ; 
but  if  heat  is  applied,  they  are  oxidized  at  the  expense  of  the  acid,  and  sol- 
phurous  acid  gas  is  disengaged.  Charcoal  also  appears  soluble  to  a  small  ex- 
tent in  sulphuric  acid,  communicating  at  first  a  pink,  and  then  a  dark  red- 
dish-brown  tint 

Sulphuric  acid  has  a  very  great  affinity  for  water,  and  unites  with  it  in 
every  proportion.  The  combination  takes  place  with  production  of  intense 
heat  When  four  parts  by  weight  of  the  acid  are  suddenly  mixed  with  one 
of  water,  the  temperature  of  tne  mixture  rises,  according  to  Dr.  Ure,  to 
300^  F.  By  its  attraction  for  water,  it  causes  the  sudden  liquefaction  of 
snow;  and  if  mixed  with  it  in  due  proportion  (p.  39),  intense  cold  is  gene- 
rated. It  absorbs  watery  vapour  with  avidity  from  the  air,  and  on  this  ac- 
count is  employed  in  the  process  for  freezing  water  by  its  own  eraporation. 
The  action  of  sulphuric  acid  in  destroying  the  texture  of  the  skin,  in  form- 
ing ethers,  and  in  decomposing  animal  and  vegetable  substances  in  general, 
seems  dependent  on  its  affinity  for  ^ater. 

It  is  frequently  important  to  know  the  quantity  of  real  acid  contained  in 
liquid  sulphuric  acid  of  different  strengths.  When, great  accuracy  is  requi- 
site, this  information  should  always  be  ascertained  by  neutralizing  a  specu 
men  of  the  acid  with  an  alkali.  For  this  purpose,  dilute  a  known  weight  of 
the  acid  moderately  with  water,  and,  while  warm,  add  pure  anhydrous  car- 
bonate  of  soda,  until  the  solution  is  exactly  neutral.  Every  58.42  parts  of 
carbonate  of  soda,  required  to  produce  this  effect,  correspond  to  40.1  parts  of 
real  sulphuric  acid.  But  if  minute  precision  is  not  desired,  the  strength  of 
the  acid  may  be  estimated  by  its  specific  gravity,  according  to  the  table  of 
Dr.  Ure  inserted  in  the  Appendix. 

Sulphuric  acid  of  commerce  freezes  at  —  15°  F.  Diluted  with  water  so 
as  to  have' a  specific  gravity  of  1.78  it  congeals  even  above  32°,  and  remains 
in  the  solid  state,  according  to  Mr.  Keir,  till  the  temperature  rises  to  45^. 
When  mixed  with  rather  more  than  its  weight  of  water,  its  freezing  point  b 
lowered  to  —36°  F. 

The  composition  of  sulphuric  acid  as  before  given  is  founded  on  the  ob- 
servation of  Gay.Lussac,  that  v/hen  the  vapour  of  sulphuric  acid  is  passed 
through  a  small  porcelain  tube  heated  to  redness,  it  is  resolved  into  two 
measures  of  sulphurous  acid  gas  and  one  of  oxygen.  Berzelius  has  confirmed 
this  conclusion  by  directly  converting  a  known  weight  of  sulphur  into  stj- 
phuric  acid. 

Chemists  possess  an  unerring  test  of  the  presence  of  sulphuric  acid.  If  a 
solution  of  chlofide  of  barium  is  added  to  a  liquid  containing  sulphuric  acid, 
it  causes  a  white  precipitate,  sulphate  of  baryta,  which  is  characterized  by 
its  insolubility  iu  acids  and  alkalies. 

Sulphuric  acid  does  not  occur  free  in  nature,  except  occasionally  in  the 
neighbourhood  of  volcanoes.  In  combination,  particularly  with  lime  and 
baryta,  it  is  very  abundant. 

Hyposulphurmu  Acid, — This  aci^  may  be  formed  either  by  digesting  sul- 
phur m  a  solution  of  any  sulphite,  or  by  transmitting  a  current  of  sulphurous 
acid  into  a  solution  of  sulphuret  of  calcium  or  strontium.  In  the  former  case, 
the  sulphurous  acid  takes  up  an  additional  quantity  of  sulphur,  and  a  salt  of 
hyposulphurous  acid  is  obtained;  and  in  the  latter,  the  sulphurous  acid 
gives  part  of  its  oxygen  to  the  metal,  and  its  remaining  oxygen  unites  with 
sulphur.  Three  equivalents  of  sulphurous  acid  and  two  of  sulphuret  of  cal- 
cium contain  the  elements  for  forming  two  equitaleota  of  hypoeolphite  of 
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lime,  one  eq.  of  sulphar  bein^  deposited.  A  conyonient  loliition  for  this  par* 
poee  is  mufe  by  boilinff  3  parts  of  qlaked  lime  and  1  of  sulphur  with  20 
parts  of  water  for  one  hour,  and  decanting  the  clear  liquid  from  the  ondis- 
solred  portions ;  but  when  this  solution  is  used,  the  depoeite  of  sulphur  is 
abundaiit.  Sir  J.  Herschel  states  that  hyposulphurous  acid  may  be  formed 
by  the  action  of  sulphurous  acid  on  iron  filmgs ;  but  the  nature  of  the 
change  is  not  well  understood. 

Tte  salts  of  hyposulphurous  acid  were  first  described  by  Gay-Lussac  in 
the  85th  volume  of  the  Annale9  de  CAtntte,  under  the  name  of  tulphuretted 
ntlpkiUM.  Dr.  Thomson  in  his  System  of  Chemistry  suggested  that  the 
acid  of  these  salts  might  be  regaided  as  a  compound  of  one  equivalent  of 
sulphur  and  one  of  oxygen,  and  proposed  for  it  the  name  of  hyp<milphurmt9 
acid;  and  the  subsequent  researches  of  Sir  J.  Herschel  (Edinburgh  Philos. 
Journal,  i.  8  and  396)  accorded  so  entirely  with  this  opinion,  thkt  it  was 
unirerssdly  adopted.  But  it  appears  from  the  experiments  of  Rose,  -  that 
though  the  ratio  of  its  elements  is  as  16  to  8,  the  equivalent  of  the  acid,  or 
the  quantity  required  to  neutralise  one  equivalent  of  an  alkali,  is  not  24  but 
48;  and  hence  that  its  smallest  molecule  must  be  formed  of  two  atoms  of 
sulphur  united  with  two  atoms  of  oxygen.  (PoggendorflTs  Ann.  xxi.  431.) 

Hyposulphurous  acid  cannot  exist  permanently  in  a  free  state.  On  de- 
composing  a  hyposulphite  by  any  stronger  acid,  such  as  sulphuric  or  hydro- 
chloric, the  hyposulphurous  acid,  at  the  moment  of  quitting  the  base,  re- 
solves  itself  into  sulphurous  acid  and  sulphur.  Sir  J.  Herschel  succeeded 
in  obtaining  free  hyposulphurous  acid,  by  adding  a  slight  excess  of  sulpliuric 
acid  to  a  dilute  solution  of  hyposulphite  of  strontia;  but  its  decomposition 
very  soon  took  place,  even  at  common  temperatures,  and  was  instantly  ef- 
fected by  heat  Most  of  the  hyposulphites  are  soluble  in  water,  and  have 
a  bitter  taste.  The  solution  precipitates  the  nitrates  of  the  oxides  of  sih'cr 
and  mercury  black,  as  sulphuret  of  the  metals;  and  ulia  of  baryta  and 
oxide  of  lead  are  thrown  down  as  white  insoluble  hyposulphites  of  those 
bases.  That  of  baryta  is  soluble  without  decomposition  in  water  acidulated 
with  hydrochloric  acid.  The  solution  of  all  the  neutral  hyposulphites  has 
the  peculiar  property  of  dissolving  recently  precipitated  chloride  of  silver  in 
large  quantity,  and  forming  with  it  a  liquid  of  an  exceedingly  sweet  taste. 

tfyposulpkuric  Acid. — ^This  acid  was  discovered  in  1819  by  Welter  and 
Oay-Lussac.  (An.  de  Ch.  et  de  Ph.  x.)  It  is  formed  by  transmitting  a  cur- 
rent of  sulphurous  acid  gas  through  water  containing  peroxide  of  manganese 
in  fine  powder ;  when  by  a  new  arrangement  of  their  elements, 

S  eq.  Bulph.  acid  k,  1  eq.  Perox.  mang.  S  1  eq.  Frotoz.  mang.  Ic  1  eq.  Hyporaip.  acid. 
2(^4-20)  Mn+20    -2  Mn-fO  2S-|-50, 

fayposulphate  of  protoxide  of  manganese  remaining  in  solution.  During  the 
action  heat  is  freely  evolved,  and  in  consequence  sulphuric  acid  is  also  gene- 
rated ;  but  if  the  peroxide  of  man|[anese  be  pure  and  the  materials  kept 
cool,  the  formation  of  sulphuric  acid  is  almost  completely  prevented.  To 
the  liquid,  aflcr  filtration,  a  solution  of  pure  baryta  or  sulphuret  of  barium 
in  slight  excess  is  added,  whereby  the  manganese  is  thrown  down  as  an 
oxide  or  sulphuret,  sulphuric  acid  as  sulphate  of  baryta,  and  a  solution  of 
hyposulphate  of  baryta  is  obtained :  the  excess  of  baryta  is  got  rid  of  by  a 
free  current  of  Carbonic  acid  gas,  and  then  beating  the  solution.  The  hypo- 
sulphate  of  baryta  crystallizes  by  evaporation,  and  on  decomposing  a  solu- 
tion of  that  salt  by  a  quantity  of  sulphuric  acid  exactiy  sufficient  for  pre- 
cipitating  the  baryta,  the  hypoeulphuric  acid  is  left  in  solution. 

This  compound  reddens  litmus  paper,  has  a  sour  tatfte,  and  forms  neutral 
salts  with  the  alkalies.  It  has  no  odour,  by  which  circumstance  it  is  distin- 
guished  from  sulphurous  acid.  It  cannot  be  confounded  with  sulphuric 
acid;  for  it  forms  soluble  salts  with  baryta,  strontia,  lime,  and  oxide  of  lead, 
whereas  the  compounds  which  sulphuric  add  forms  with  those  bases  are  all 
insoluble.  Hypoeulphuric  acid  cannot  be  obtained  free  from  water.  Its 
sdation,  if  confined  with  a  vessel  of  sulphuric  acid  under  the  exhausted  re 
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ceiver  of  an  air-pamp,^  may  be  concentrated  till  it  has  a  density  of  1.347 ; 
but  if  an  attempt  is  made  to  ooDdenae  it  still  further,  the  acid  is  decomposed, 
sulphurous  acid  gas  escapes,  and  sulphuric  acid  remains  in  solution.  A 
similar  change  is  still  more  readily  produced  if  the  evaporation  is  con- 
ducted by  heat 

Welter  and  Gay-Lussao  analyzed  hyposulphuric  acid  by  exposing  neutral 
hyposolphate  of  baryta  to  heat  At  a  temperature  a  little  above  21f^  this 
salt  suffers  complete  decomposition ;  sulphurous  acid  gaa  is  disengaged,  and 
neutral  sulphate  of  baryta  is  obtained.  It  was  thus  ascertained  that  73 
grains  of  hyposulphuric  acid  yield  32  grains  of  sulphurous,  and  40  of  enU 
phuric  acid;  from  which  it  is  inferred  mat  hyposulphuric  acid  is  composed 
either  of  an  equivalent  of  each  of  those  acids  combined  with  each  other,  or 
of  two  equivalents  of  sulphor  and  five  of  oxygen. 


SECTION  VIII. 

PHOSPHORUS. 

Phosphorus  {^mc^o^ac  from  ^Zc  light  and  ^i^uf  to  carry),  so  called  from 
its  property  of  shining  in  the  dark,  was  discovered  about  the  year  1669  by 
Brandt,  an  alchemist  of  Hamburgh.  It  was  originally  prepared  from  urine; 
but  Scheele  afterwards  described  a  metiiod  of  obtaining  it  from  bones,  which 
is  now  generally,  practised.  Tlie  bones  are  first  ignited  in  an  open  fire  till 
they  become  white,  so  as  to  dqstroy  their  animal  matter,  and  burn  away  the 
charcoal  derived  from  it,  in  which  state  they  contain  nearly  4.5ths  of  phos- 
phate of  lime.  They  are  then  reduced  to  a  fine  powder,  and  digested  for  a 
day  or  two  with  half  their  weight  of  strong  sulphuric  acid,  with  the  addition 
of  80  much  water  as  will  give  the  consistence  of  a  thin  paste.  Decomposi- 
tion of  the  phosphate  of  lime  is  thus  effected,  and  two  new  salts  formed,  the 
sparingly  soluble  sulphate  and  a  soluble  superphosphate  of  lime.  The  latter 
is  then  dissolved  in  warm  water,  and  the  solution,  afler  being  separated  by 
filtration  from  the  sulphate  of  lime,  is  evaporated  to  the  consistence  of  syrup, 
mixed  with  a  fourth  of  its  weight  of  powdered  charcoal,  and  strongly  heated 
in  an  earthen  retort  well  luted  with  day.  The  beak  of  the  retort  is  put  into 
water,  in  which  the  phosphorus,  as  its  vapour  passes  over,  is  condensed. 
When  first  obtained  it  is  usually  of  a  reddish-brown  colour,  owing  to  the 
presence  of  phosphuret  of  carbon  formed  during  the  process.  It  may  be 
purified  by  fiision  in  hot  water,  and  being  pressed  while  liquid  through 
chamois  leather,  or  by  a  second  distillation. 

In  this  process  the  oxygen  of  that  part  of  the  phosphoric  acid  which  con- 
stituted  the  superphosphate,  unjtes  with  charcoal,  giving  rise  to  carbonic 
acid  and  carbonic  oxide  gases;  and  phosphate  of  lime  in  tlie  state  of  bone 
earth,  together  with  redundant  charcoal,  remains  in  the  retort  The  lime 
acts  an  important  part  in  fixing  tlie  phosphoric  acid,  which,  if  not  so  com- 
bined,  would  distil  over  before  the  heat  was  high  enough  for  its  decomposi- 
tion. In  extracting  phosphorus  from  urine,  the  phosphoric  acid  should  be 
thrown  down  by  acetate  of  the  oxide  of  lead ;  the  phosphate  of  that  oxide  is  then 
decomposed  by  charcoal  as  in  the  former  process.  It  should  be  converted  by 
the  action  of  sulphuric  acid  into  a  superphosphate  of  the  oxide  of  lead  before 
admixture  with  charcoal. 

Pure  phosphorus  is  transparent  and  almost  colourless.  It  is  so  soil  that  it 
may  be  cut  with  a  knife,  and  the  cut  surface  has  a  waxy  lustre.  At  the 
'temperature  of  108^  it  fuses,  and  at  550^  is  converted  into  vapour,  which 
according  to  Dumas  has  a  density  of  4355.  It  is  soluble  by  the  aid  of  heat 
in  naphua,  in  fixed  and  volatile  oils,  in  the  chloride  of  sulphor,  solphuret 
of  carbon,  and  solphuret  of  phoaphoros.    On  its  cooling  fi^m  solation  la  the 
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latter,  Mitscherlich  obtained  it  in  rc^lar  dodecabedral  crystals.  By  (he 
fusion  and  slow  cooling  of  a  large  quantity  of  phosphorus,  M.  Frantween 
has  obtained  very  fine  crystals  of  an  octohedral  form,  and  as  large  aa  a 
cherry-stone.  Thenard  has  remarked  that  when  phosphorus  is  fused  at 
150^,  and  suddenly  cooled  by  being  plunged  into  cold  water,  it  appears 
black ;  but  by  fusion  and  slow  cooling  it  recovers  its  original  aspect 

Phosphonu  is  exceedingly  inflammable.  Exposed  to  the  air  at  common 
temperatores,  it  undergoes  slow  combustion,  emita  a  white  vapour  of  a  pecu- 
liar alliaceous  odour,  appears  distinctly  luminous  in  the  dark,  and  is 
gradually  consumed.  On  this  account,  phosphorus  should  always  be  kept 
xmder  water.  The  disappearance  of  oxygen  which  accompanies  these 
changes  is  shown  by  putting  a  stick  of  phosphorus  in  a  jar  full  of  air,  in- 
-verted  over  water.  The  volume  of  the  gas  gradually  diminishes;  and  if  the 
temperature  of  the  air  is  at  60^,  the  whole  of  the  oxygen  will  be  willidrawn 
in  the  coarse  of  12  or  24  hours.  I'he  residue  is  nitrogen  gas,  containing 
about  l-40th  of  its  bulk  of  the  vapour  of  phosphorus,  ft  is  remarkable  that 
the  slow  connbnstion  of  phosphorns  does  not  take  place  in  pure  oxygen,  un. 
less  its  temperature  be  about  80°.  But  if  the  oxygen  be  diluted  with  nitro- 
gen, hydrogen,  or  carbonic  acid  gas,  the  oxidation  occurs  at  60°;  and  it 
takes  place  at  temperatures  still  lower  in  a  vessel  of  pure  oxygen,  rarefied  by 
diminished  pressure.*  Mr.  Graham  finds  that  the  presence  of  certain 
gaseous  subetainoes,  even  in  minute  quantity,  has  a  remarkable  effect  in  pro- 
venting  the  slow  combustion  of  phosphorus :  thus  at  66°  it  is  entirely  pre- 
vented by  the  presence,  (Quart  Jour,  of  Science,  N.  S.  vL  83.) 

*  If  a  stick  of  dry  phosphorus  be  dusted  over  with  powdered  resin  or 
sulphur,  and  then  introduced  under  the  receiver  of  an  air-pump,  it  will  be 
found  that,  as  soon  as  the  exhaustion  commences,  the  phosphorus  will  be- 
oome  luminous,  which  appearance  increases  as  the  rarefaction  proceeds, 
until  finally  the  phosphorus  inflames.  Van  Bcmmelen,  who  first  attempted 
to  account  for  this  phenomenon,  attributes  it  to  the  combination  of  the  sul- 
phur or  resin  with  the  phosphorus,  the  union  of  which,  accelerated  by  the 
influence  of  the  vacuum,  gives  rise  to  the  evolution  of  so  much  heat,  as  to 
inflame  the  phosphorus,  or  the  new  compound  formed.  Berzclios  rejects 
this  explanation,  as  it  does  not  account  for  an  experiment  by  Van  Bemmelen, 
in  which  phosphorus  was  found  to  take  fire  under  an  exhausted  receiver, 
when  merely  enveloped  with  cotton.  Berzelius^  Traiie  de  Chimie,  i.  260. 

Professor  A.  D.  Bache,  of  the  University  of  Pennsylvania,  has  repeated 
and  extended  the  experiments  of  Van  Bemmelen,  and  has  had  the  goodness 
to  communicate  to  me  an  abstract  of  his  results.  He  succeeded  in  pro- 
ducing the  inflammation  of  the  phosphorus,  under  the  circumstances  above 
jaentioned,  by  means  of  the  following  substances  in  a  finely  divided  state,  in 
addition  to  those  employed  by  Van  Bemmelen : — 

Carbon  in  the  form  of  ivory  black      Lime. 

and  wood-charcoaL  Peroxide  of  manganese. 

Spongy  platinum.  Hydrate  of  potassa. 

Antimony.  Muriate  of  ammonia. 

Arsenic  Chloride  of  sodium. 

Bisulphuret  of  mercury.  Fluate  of  lime. 

Sulphuret  of  antimony.  Carbonate  of  lime. 
Silica. 

Sulphur  and  charcoal  were  the  substances  which  succeeded  most  readily. 
With  metallic  arsenic  there  was  much  difficulty.  The  temperature  of  the 
room  has  great  influence  on  the  success  of  the  experiments. 

Professor  Bache  i&  of  opinion  that  some  of  his  experimenU  are  unfavour. 
able  to  the  explanation  of  Van  Bemmelen;  as  for  example,  those  with  oar- 
boBSEte  of  time  and  fluor  spar,  which,  though  Jnoombostibto  •abstaness,  aot 
with  the  same  energy  as  sulphur  or  carbon*— £({. 
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Volumes  of  air. 

of  1  volame  of  olcBant  gas  in               .  .  450 

1    ditto    of  vapour  of  sulphartc  ether  in  .  150 

1    ditto    of  vapour  of  naphtha  in    .  .  18:^ 

1    ditto    ofvapour  of  oil  of  turpentine  in  .  4444, 

and  by  an  equally  slight  impregnation  of  the  yapour  of  the  other  eaaential 
oik.  Their  influence  is  not  confined  to  low  temperatures.  Phosphorus  be- 
comes fiiintly  luminous  in  the  dark,  in  mixtures  of 

1  volume  of  air  and  I  volume  of  olefiant  gas  at  .  200^  F. 

1  '      .        .        and  1    ditto    ofvapour  of  ether  at       .  SIS*' 

111        .        .        and  I    ditto    of  vapour  of  naphtha  at  .  170^ 

156        .        .       and  1    ditto    of  vapour  of  turpentine  at  186^ 

Phosphorus  may  be  sublimed  at  its  boiling  temperature,  in  air  containing 
a  considerable  proportion  of  the  vapour  of  oil  of  turpentine,  without  dimi- 
nishing the  quantity  of  oxygen  present,  provided  the  heat  be  gradually  and 
uniformly  applied.  Mr.  Graham  hos  also  remarked,  that  the  oxidation  of 
phosphorus  in  the  air  is  promoted  by  the  presence  of  hydrochloric  acid  gas. 

A  very  slight  degree  of  heat  is  sufficient  to  inflame  phosphorus  in  the 
open  air.  Grentlo  pressure  between  the  fingers,  friction,  or  a  temperature  not 
much  above  its  point  of  fusion,  kindles  it  readily.  It  burns  rapidly  even  in 
the  air,  emitting  a  splendid  white  light,  and  causing  intense  heat  Its  com- 
bustion  is  &r  more  rapid  in  oxygen  gas,  and  the  light  proportionally  more 
vivid. 

When  phosphorus  is  kept  for  a  long  time  under  water,  especially  when 
exposed  to  light,  its  surface  acquires  a  thin  coating  of  white  matter,  which 
some  have  described  as  an  oxide,  and  others  as  a  hydrate  of  phosphorus.  It 
seems  from  some  recent  experiments  by  Rose  to  bo  neither  an  oxide  nor  a 
hydrate,  but  phosphorus  in  a  peculiar  mechanical  state,  which  deprives  it  of 
its  usual  action  upon  light  and  renders  it  opaque.  (Pog.  Anna lcn,xxvii.  565.) 

Repeated  researches  by  Berzclius  have  shown  that  the  oxyjpen  in  phosphorous 
and  phosphoric  acids  is  in  the  ratio  of  3  to  5,  a  result  conformable  to  experi- 
ments on  the  same  subject  by  Dulong,  and  admitted  by  most  chemists.  It  is 
hence  inferred  that  the  smallest  molecule  of  phosphoric  acid  contains  five 
atoms  of  oxygen.  Also  Berzclius  finds  that  31.4  parts  of  phosphorus  require  40 
x>f  oxygen  for  forming  phosphoric  acid :  if  this  acid  consist  of  one  atom  <^ 
phosphorus  and  five  atoms  of  oxygen,  31.4  will  represent  one  atom  of  phos- 
phorus ;  or'  if  the  acid  contain  two  atoms  to  five,  the  atom  of  phosphorus 
will  be  half  31.4  or  15.7.  It  is  doubtful  which  view  is  preferable,  and  I, 
therefore,  continue  to  use  15.7.  The  combining  volume  of  phosphorus  va- 
pour (page  146)  is  25. 

The  compounds  of  phosphorus  described  in  tliis  section  are  the  follow- 
ing:— 

Phosphorus.      Oxygen.      Equiv.     FormuliB. 
Oxide  of  phosphorus        47.1  or  3  eq.-f    8  or  1  eq.=55.l     3P-f  O 
Hypophosphorous  acid    31.4  or  2  eq.  -f-    8  or  1  eq.s39.4    2P-f  O  or  P 

Phosphorous  acid  31.4  or  2  eq.  +  24  or  3  eq.=:55.4  2P-f  30  or  P 

Phosphoric  aeid  i 

Pyrophosphoric  add  >  31.4  or  2  eq.  -f  40  or  5  eq.s7l.4  2P4-50  or  P 

Motaphosphoric  acid  \  " 

COMPOUNDS  OF  OXYGEN  AND  PHOSPHORUS. 

Oxide. — ^When  a  jet  of  oxygen  gas  is  thrown  upon  phosphorus  while  in 
fusion  under  hot  water,  combustion  ensues,  phosphoric  acid  is  formed,  and 
a  number  of  red  particles  collect,  which  have  been  examined  by  M.  Pelouze, 
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who  has  shown  them  to  be  an  oxide  of  phosphoras.    The  red  matter  left 
when  phosphorus  is  burned  is  probably  of  the  same  nature. 

This,  the  only  known  oxide  of  phosphoras,  is  of  a  red  colour,  without 
Uutc  or  odour,  and  is  insoluble  in  water,  ether,  alcohol,  and  oil.  It  b  per- 
manent in  the  air,  even  at  6€2^  F.,  but  takes  fire  at  a  low  red  heat  Heated 
to  redness  in  a  tube,  phosphorus  is  expelled,  and  metaphosphoric  acid  r»- 
mains.  It  takes  fire  in  chlorine  gas,  and  is  rapidly  oxidized  by  nitric  acid. 
It  does  not  appear  to  possess  any  alkaline  character.  (An.  dc  Ch.  et  de  Ph. 
1.83.) 

Hypophosphoraus  Acid. — ^This  acid  was  discovered  in  1816  by  Dulong. 
(An.  dc  Ch.  et  de  Ph.  ii.)  When  water  acts  upon  the  phosphuret  of  barium 
the  elements  of  both  enter  into  a  new  arrangement,  gfiving  rise  to  phosphu- 
retted  hydrogen,  phosphoric  acid,  hypophoephoroiis  acid,  and  baryta.  The 
former  escapes  in  the  fi>rm  of  gas,  and  the  two  latter  combine  with  the  ba- 
ryta. Hy pophosphite  of  baryta,  being  soluble,  dissolves  in  the  water,  and 
may  consequently  be  separated  by  filtration  from  the  phosphate  of  baryta, 
which  is  insoluble.  On  adding  a  sufficient  quantity  of  sulphuric  acid  for  pre. 
cipitating  the  baryta,  hypophosphorous  acid  is  obtained  in  a  free  state,  and  on 
evaporating  the  solution,  a  viscid  liquid  remains,  highly  acid  and  even  crys-  ^ 
tallizable,  which  is  a  hydrate  of  hypopkQ9phw9U9  add.  When  exposed  to  ^ 
heat  in  clofie  vessels,  it  undergoes  the  same  kind  of  change  as  hydrated 
phosphorous  acid. 

Hypophosphorous  acid  is  a  powerfiil  deoxidizing  agent.  It  unites  with 
alkaline  bases ;  and  it  is  remarkable  that  all  its  salts  are  sduUe  in  water. 
The  hypophoepbites  of  potassa,  soda,  and  ammonia  dissolve  in  every  pro- 
portion in  rectified  alcohol ;  and  hypophospbite  of  potassa  is  even  more  deli- 
quescent than  chloride  of  calcium.  They  are  all  decomposed  by  heat,  and 
yield  the  same  products  as  the  acid  itseln  They  are  conveniently  prepared 
by  precipitating  hypophospbite  of  baryta,  strontia,  or  liae,  with  the  alkaline 
carbonates;  or  by  directly  neutralizing  these  carbonates  with  faypophoepho- 
reus  acid.  The  hypophospbite  of  baryta,  strontia,  and  -lime  are  formed  by 
•  boiUnflr  these  earths  in  the  caustic  state  in  water  together  with  fragments  cf 
phosphorus.  The  same  change  occurs  as  during  the  action  of  water  on 
phosphuret  of  barium.  The  composition  of  this  acid  as  stated  at  page  300,  is 
on  the  authority  of  Rose.  (Poggen.  Annalen  ix.  367.) 

PAospkoroua  Acid. — ^When  phosphorus  is  burned  in  air  highly  rarefied, 
imperfect  oxidation  ensues,  and  metaphosphoric  and  phosphorous  acids  are 
generated,  the  latter  being  obtained  In  the  form  of  a  white  volatile  powder. 
In  this  state  it  is  anhydrous.  Heated  in  the  open  air,  it  takes  fire,  and  forms 
metaphosphoric  acid ;  but  if  exposed  to  heat  in  close  vessels,  it  is  resolved 
into  metaphosphoric  acid  and  phosphorus.  It  dissolves  readily  in  water, 
has  a  sour  taste,  and  smells  somewhat  like  garlic.  It  nnites  with  alkalies, 
and  forms  salts  which  are  termed  phospkitea.  The  solution  of  phosphorous' 
acid  absorbs  oxygen  slowly  from  tlie  air,  and  is  converted  into  phosphoric 
add.  From  its  tendency  to  unite  with  an  additional  quantity  of  oxygen,  it 
is  a  powerful  deoxidizing  agent ;  and  hence,  like  sulphurous  acid,  precipi* 
tates  mercury,  silver,  platinum,  and  gold  from  their  saline  combinations  in 
the  metallic  form.    Nitric  acid  converts  it  into  phosphoric  acid. 

Phosphorous  acid  may  be  procured  more  conveniently  by  subliming  phos- 
phorus through  powdered  bichloride  of  mercury  contained  in  a  glass  tube; 
when  a  limpid  liquid  comes  over,  which  is  a  compound  of  chlorine  and 
phosphorus.  (Davy's  Elements,  p.  288.)  This  substance  and  water  mii« 
tually  decompose  each  other :  the  hydrogen  of  water  unites  with  the  chlo* 
rine,  and  forms  hydrochloric  acid ;  while  the  oxygen  attaches  itself  to  the 
phosphorus,  and  thus  phosphorous  acid  is  produced.  The  solution  is  then 
evaporated  to  the  consistence  of  syrup  to  expel  the  hydrochloric  acid ;  and 
the  residue,  which  is  hydrate  of  phosphorous  acid,  becomes  a  crystalline  so- 
lid on  cooling.  When  this  hydrate  is  heated  in  close  vessels,  the  elements  of 
the  water  and  acid  react  on  each  ether,  formBg  meUphosphoric  acid  and 


dOS  PBOSFBOSV& 

a  raeouB  oompoand  <X  hydrogen  and  pboBphorus.  The  natare  of  this  gas 
will  be  more  particularly  notic^  in  the  section  on  phosphuretted  hydrogen. 

Phosphorous  acid  is  also  generated  during  the  slow  oxidation  of  phospho- 
rus in  atmospheric  air.  The  prodact  attracts  moisture  from  the  air,  and 
forms  an  oil-like  liquid.  Dulong  thinks  that  a  distinct  acid  is  generated  in 
this  case,  which  he  calls  photphatie  acid;  but  the  opinion  of  Davy,  that  it  is 
merely  a  mixture  of  phosphoric  and  phosphorous  acids,  is  in  my  opinion  per- 
fectly correct 

Phosphoric  Acid, — It  was  shown  in  the  year  1827  by  I>r.  Clarke,  now 
Professor  of  chemistry  in  Aberdeen,  that  under  the  term  phosphoric  add 
had  previously  been  confounded  two  distinct  acids,  one  of  which  he  propos- 
ed to  distinguish  by  the  name  of  pyrophoaphorie  acid  (from  srvj^re),  to  indi- 
cate that  it  is  phosphoric  acid  modified  by  heat ;  and  very  lately  Mr.  Gra- 
ham has  described  another  modification  of  phosphoric  acid,  to  which  he  has 
given  the  provisional  name  of  metaphospbpric  (from  /uira  together  toith),  im- 
plying phosphoric  acid  and  something  besides ;  but  this  name  is  rather  un- 
fortunate, since  it  is  applied  to  the  only  one  of  the  three  modifications  which 
can  be  obtained  firee  from  water.  Perhaps  paraphosphoric  (from  ^a^a  near 
to)  would  be  more  appropriate.  These  three  acids  contain  phosphorus  and 
oxygen  in  the  same  ratio,  and  have  the  saine  equivalent,  so  that  they  may 
be  considered  as  isomeric  bodies  (page  152);  but  that  difference  in  the  ar- 
rangement of  their  elements  on  which  their  peculiarities  may  be  presumed 
to  depend,  is  very  slight,  since  they  are  easily  convertible  into  each  other. 
Mr.  Graham,  indeed,  supposes  the  difference  to  arise  solely  from  a  disposi- 
tion to  unite  in  dififerent  proportions  with  water  and  alkaline  bases ;  but 
this  view  scarcely  sufiiocs  as  an  explanation,  because  it  does  not  account  for 
the  peculiar  diopoeition  which  causes  their  distinctive  characters.  (PhiL 
Trans.  1833,  Part  u.,  and  Phil.  Mag.  3rd  Series,  iv.  401.) 

Phosphoric  acid  has  hitherto  been  obtained  only  in  combination  with  wa- 
ter or  some  alkaline  base.  One  of  the  best  modes  for  procuring  it,  is  to 
oxidize  phosphorus  by  strong  nitric  acid;  but  in  this  process  care  is  neces- 
sary, as  the  action  is  sometimes  very  violent,  and  the  escape  of  binoxide  of 
nitrogen  gas  ungovernably  rapid.  It  is  safely  conducted  by  adding  frag- 
ments of  phosphorus,  or  the  so-called  phosphatic  acid,  to  strong  nitnc  acid 
contained  in  a  platinum  crucible  partially  closed  by  its  cover.  C^ntle  heat  is 
applied  so  as  to  commence,  and,  when  necessary,  to  maintain  moderate  ef- 
fervescence ;  and  when  one  portion  of  phosphorus  disappears,  another  is 
added,  till  the  whole  of  the  nitric  acid  is  exhausted.  The  solution  is  then 
evaporated  to  dryness,  and  exposed  to  a  red  heat  to  expel  the  last  traces  of 
nitric  acid.  This  should  always  be  done  in  vessels  of  platinum,  since  phos- 
phoric acid  acts  chemically  upon  those  of  glass  or  porcelain,  and  is  thereby 
rendered  impure.  In  this  c^ se,  as  in  some  other  instances  of  the  oxidation 
of  combustibles  by  nitric  acid,  water  is  decomposed ;  and  while  its  oxygen 
unites  with  phosphorus,  its  hydrogen  combines  with  nitrogen  of  the  nitric 
acid.  .  A  portion  of  ammonia,  thus  generated,  is  expelled  by  heat  in  the  last 
part  of  the  process. 

Phosphoric  acid  may  be  prepared  at  a  much  cheaper  rate  from  bones. 
For  this  purpose,  superphosphate  of  lime,  obtained  in  the  way  already  de- 
scribed, should  be  boiled  for  a  few  minutes  with  excess  of  carbonate  of  am- 
monia. The  lime  is  thus  precipitated  as  a  phosphate,  and  the  solution  con- 
tains phosphate,  together  with  a  little  sulphate  of  ammonia.  The  liquid,  after 
filtration,  is  evaporated  to  dryness,  and  then  ignited  in  a  platinum  crucible, 
by  which  means  the  ammonia  and  sulphuric  acid  are  expelled. 

In  both  the  foregoing  processes  phosphoric  acid  exists  only  in  solution ; 
for  on  heating  to  redness  in  order  to  expel  ammonia  in  the  one  case  and 
nitric  acid  in  the  other,  metaphosphoric  acid  is  generated.  To  reproduce  the 
phosphoric  acid  the  residue  in  the  crucible  requires  to  be  dissolved  in  water 
uid  boiled  for  a  few  minutes. 

Phosphoric  acid  is  colourless,  intensely  sour  to  the  taste,  reddens  litmus 
strongly,  and  neutralizes  alkalies ;  but  it  does  not  destroy  the  texture  of  the 


skin  Uke  salphoric  and  nitric  acids.  Its  aolnlioD  may  be  evapaftfed  at  a 
temperature  of  300^  witbont  decomposition,  and  when  thus  coDoentrated  it 
asBumes  a  dark  colour,  ia  as  thick  as  treacle  when  cold,  and  oonsists  of  71.4 
parts  or  one  eq.  of  phosphoric  aeid,  and  27  parts  or  three  equivalents  of  wa- 
ter. Mr.  Graham  obtained  this  hydrate  in  thin  crystalline  plates,  which 
were  extremely  deliquescent,  by  keeping  it  for  seven  days  in  vacuo  along 
with  sulphuric  acid.  On  beating  this  hydrate  for  several  days  to  41i^,  it  lost 
nearly  two-thirds  of  an  equivalent  o£  water,  and  then  principally  consisted 
of  pyrophosphoric  acid  with  two  equivalents  of  water.  At  a  still  higher  tem- 
perature metaphosphoric  acid  befi;an  to  be  formed )  and  at  a  red  heat  the 
conversion  was  complete.  But  after  ignition  it  still  contains  water,  amount- 
ing according  to  Rose  to  9.44  per  cent,  which  is  rather  more  than  an  equi- 
Tajient  of  water  to  one  of  metaphosphoric  acid. 

Phosphoric  acid  is  remarkable  for  its  tendency  to  unite  with  alkaline 
bases,  in  such  proportions  that  the  oxygen  of  the  base  and  of  the  acid  is  as 
3  to  5 ;  or,  in  other  words,  it  is  prone  to  form  subsalts,  in  which  one  equiva- 
lent of  acid  is  combined  with  tiiree  equivalents  of  base.  It  manifests  the 
same  character  in  regard  to  water,  and  ceases  to  be  phosphoric  acid  unless 
three  equivalents  of  water  to  one  of  acid  are  present:  it  even  appeara  that 
the  water  acts  the  part  of  a  base,  hence  called  bane  water,  and  that  tlie 
aqueous  solution  is  not  a  mere  solution  of  phosj^oric  acid,  but  of  triphos- 
phate of  water,  a  sort  of  salt  composed  of  one  equivalent  of  acid  and  three 
equivalents  of ''water.  Part  of  this  basic  water  cntera  along  with  soda  into 
the  constitution  of  two  of  the  phosphates  of  soda,  the  water  and  soda  to- 
gether forming  the  three  equivalents  of  base  required  by  one  equivalent  of 
tJie  acid.  Thu  point  will  be  more  fully  described  in  the  history  of  the  phos- 
phates. 

When  phosphoric  acid  is  neutralised  by  ammonia  and  mixed  with  nitrate 
of  oxide  of  silver,  the  yellow  phosphate  of  that  oxide  subsides,  a  character 
by  which  it  is  distinguished  from  pyrophosphoric  and  metaphosphoric  acids, 
as  well  as  from  all  other  acids  except  the  arsenious.  A  certain  test  between 
phosphoric  and  araenious  acids  is,  that  the  former  is  neither  changed  in  co- 
lour noT  precipitated  when  a  stream  of  hydrosulphuric  acid  gas  is  transmit- 
ted through  it ;  while  the  latter,  with  the  required  precautions,  first  acquires 
a  yellow  tint,  and  then  yields  a  yellow  precipitate. 

Pyropho$phorie  Add, — ^This  acid  is  formed  by  exposing  concentrated 
phosphoric  acid  for  some  time  to  a  heat  of  415°.  Its  general  characters  re- 
semble phosphoric  acid ;  but  when  neutralized  by  ammonia  and  mixed  with 
nitrate  of  oxide  of  silver,  it  yiejds  a  snow-white  granular  precipitate,  pyro- 
phosphate of  that  oxide,  by  which  it  is  distinguistied  from  phosphoric  and 
metaphosphoric  acids,  tn  solution  with  cold  water  pyrophosphoric  acid 
passes  gradually,  and  at  a  boiling  temperature  rapidly,  into  phosphoric  acid. 
Its  salts,  while  neutral,  are  very  permanent;  but  when  boiled  with  either  of 
the  stronger  acids  in  water,  they  are  quickly  converted  more  or  less  com- 
pletely into  phosphates. 

Pyrophosphoric  acid  is  remarkable  for  its  tendency  to  unite  with  two 
equivalents  of  a  base.  Its  aqueous  solution  probably  contains  a  dipyrophos- 
phate  of  water,  that  is  one  equivalent  of  the  acid  with  two  eq.  of  water,  ex- 
pressed by  2Ii  4-  P  or  H^'P.  This  basic  water  is. readily  displaced  by  two 
equivalents  of  stronger  bases,  suoh  as  soda ;  or  if  one  equivalent  only  of 
soda  be  added,  then  the  soda  and  water  together  make  up  the  two  equiva- 
lents of  base,  the  formula  of  the  salt  being  NaHP.  The  readiest  mode  of 
obtaining  a  pyrophosphate  is  to  heat  phosphoric  acid  with  any  fixed  base  in 
the  ratio  of  one  to  two  of  their  equivalents.  This  was  done  by  Dr.  Clarke 
in  the  experiments  by  which  he  established  the  existence  of  pyrophosphoric 
acid.  (Brewster's  Journal,  vii.  298.)  Phosphate  of  soda  is  a  compound  of 
one  eq.  phosphoric  acid,  two  eq.  soda,  one  eq.  basic  water,  and  twenty.four 
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•q.  wtior  of  qryteHifilion,  its  fenirala  being  Na'H  P  -f-  H** :  on  drying 

thii  mIi  Um  water  of  cryetallizalion  ie  expelled  and  there  remains  Na*H  P, 
which  is  still  a  phosphate ;  but  on  heating  to  redness  the  basic  water  is  ex- 
pelled, and  Na'P,  pyrophosphate  9f  soda,  remains.  By  being  forced  to  unite 
with  two  equivalents  of  base,  the  acid  acquires  a  disposition  to  do  so  on  all 
occasions. 

Metapho9phorie  Acid. — This  acid  is  obtained  by  burning  phosphorus  in 
dry  air  or  oxygen  gas,  or  heating  to  redness  a  concentrated  solution  of 
phosphoric  or  pyrophosphoric  acids.  By  the  former  method,  the  acid  is  a 
white  solid,  and  anhydrous ;  in  the  latter  it  is  a  hydrate,  or  probably  a  me- 
taphosphate  of  water,  composed  of  one  eq.  acid  and  one  eq.  water,  its  for- 
mula being  H  P.  The  water  in  this  compound  cannot  be  expelled  by  fire, 
since  on  attempting  to  do  so  by  a  violent  heat,  the  whole  is  sublimed.  In  an 
open  crucible,  it  vdatilizes  at  a  temperature  by  no  means  high. 

The  peculiarity  of  this  acid  is  to  combine  with  one  equivalent  of  a  baseu 
On  exposing  the  anhydrous  acid  to  the  air  it  rapidly  deliquesces,  and  at  tlie 
same  time  acquires  its  basic  water,  which  can  only  be  replaced  by  an  eqai. 
Talent  quantity  of  soda  or  some  other  alkaline  base.  The  water  is  also  driven 
off  by  fusion  with  siliceous  or  aluminous  substances,  with  which  the  acid 
unites  and  forms  very  fusible  compounds.  The  pure  bydrated  acid  is  of  it- 
self very  fusible,  and  on  cooling  concretes  into  a  transparent  brittle  solid, 
being  known  under  the  name  of  glacial  pho9phoric  acid^  which  is  highly  de- 
liquescent, and  can  hence  only  be  preserved  in  its  glassy  state  in  bottles 
carefully  closed. 

The  metaphosphoric  resembles  pyrophosphoric  acid  in  the  fiicility  with 
which  its  aqueous  solution  passes  into  phosphoric  acid.  On  the  contrary, 
both  of  the  other  acids  are  converted  into  metaphosphates  when  heated  to 
redness  in  contact  with  no  more  tiian  one  equivalent  of  certain  fixed  bases, 
such  as  potassa  and  soda.  This  acid  when  free  oecasions  precipKates  in  so- 
lutions of  the  salts  of  baryta,  and  most  of  the  earths  and  metallic  oxides,  and 
forms  an  insoluble  compound  with  albumen.  The  metaphosphate  of  baryta 
and  oxide  of  silver  both  fkll  in  gelatinous  flakes  of  a  gray  colour. 


SECTION  IX. 

BORON. 

Sui  H.  Davt  dieoovered  the  existence  of  boron  in  1807  by  exposing  bora- 
4UC  acid  to  the  action  of  a  powerful  galvanic  battery ;  but  he  did  not  obtain 
a  sufficient  supply  of  it  for  determining  its  properties.  Gay-Lussac  and  The. 
nard*  procured  it  in  greater  quantity  m  1808,  by  heating  boracic  acid  with 
potassium.  The  boracic  acid  is  by  this  means  deprived  of  its  oxygen,  and 
boron  is  set  free.  The  easiest  and  most  economical  method  of  preparing  this 
substance,  according  to  Berzelius,  is  to  decompose  borofiuorido  of  potassiiMn 
or  sodium  by  means  of  potassium.  (Annals  of  Philosophy,  xxvi.  128.) 

Boron  is  a  dark  olive-coloured  substance,  which  has  neither  taste  nor 
smell,  and  is  a  non-conducter  of  electricity.  Il  is  insoluble  in  water,  alcohol, 
ether,  and  oils.    It  does  not  decompose  water  whether  hot  or  cold.     It  bears 

♦  Recherches  PhyfticojChimiques,  vol.  i, 
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intense  beat  in  close  vessels,  without  ftisingi'  or  undergoing  way  other  change 
except  a  slight  increase  of  density.  Its  specific  gravity  is  about  twice  as 
great  as  that  of  water.  It  may  be  exposed  to  the  atmosphere  at  common 
temperatures  without  change ;  but  if  heated  to  600^,  it  suddenly  takes  fire 
oxygen  gas  disappears,  and  boracic  acid  is  generated.  It  is  very  difficult  to 
oxidize  all  the  boron  by  burning,  because  the  boracic  acid  fuses  at  the 
moment  of  being  formed,  and  by  glazing  the  surface  of  the  anbumed 
boron  protects  it  from  oxidation.  It  also  passes  into  boracic  acid  when 
healed  with  nitric  acid,  or  with  any  substance  that  yields  oxygen  with 
facility. 

According  to  the  experiments  of  Davy  and  Beraelius,  boron  in  burning' 
unites  with  200  per  cent,  of  oxygen;  and  the  latter,  from  the  composition  of 
borax,  estimates  the  oxygen  in  iKiracic  acid  at  68.8  per  cent  Adopting  this 
estimate,  and  regarding  boracic  acid  as  a  compound  o€  one  equivalent  of 
boron  to  three  eq.  of  oxygen,  the  equivalent  of  boron  is  inferred  from  tbe 
proportion,  as  68.8  :  31.2  : :  24  :  10.9.  In  this,  as  in  someotlier  cases,  where 
a  combustible  unites  wi^  oxygen  in  one  proportion  only,  it  is  difficult  with 
any  certainty  to  assign  tbe  true  atomic  constitution  of  the  compound* 
Boracic  acid  may  be  a  compound  of  boron  and  oxygen  in  the  ratio  of  one 
atom  to  one  atom,  in  that  of  one  to  two  as  supposed  by  Dr.  Thomson,  or  of 
one  to  three.  The  latter  appears  to  me  most  consistent  with  other  com- 
pounds of  boron.    Hence  boracic  acid  is  thus  constituted : — 

Boron.  Oxygen.     Eqoiv.      Formula. 

Boracic  acid    10.9  or  1  eq.  -f  24  or  3  eq. »  34.9      B  4.  30  or  B. 

Boracic  Add, — ^This  is  the  only  known  compound  of  boron  and  oxygen. 
As  a  natural  product  it  is  found  in  the  hot  spriugs  of  Lipari,  and  in  those  of 
Sasso  in  the  Florentine  territory.  It  is  a  constituent  of  several  minerals, 
among  which  \he  datolite  and  boracite  may  in  particular  be  mentioned.  It 
occurs  much  more  abundantly  under  tlie  form  of  borax,  a  native  com- 
pound of  boracic  acid  and  soda.  It  is  prepared  for  chemical  purposes  by 
adding  sulphuric  acid  to  a  solution  of  purified  borax  in  about  four  times  its 
weight  of  boiling  water,  till  the  liquid  acquires  a  distinct  acid  reaction. 
The  sulphuric  acid  unites  with  the  soda ;  and  the  boracic  acid  is  deposited, 
when  the  solution  cools,  in  a  confiised  group  of  shining  scaly  crystals.  It 
is  then  thrown  on  a  filter,  washed  with  cold  water  to  separate  the  adhering 
sulphate  of  soda  and  sulphuric  acid,  and  still  further  purified  by  solution  in 
boiling  water  and  re-crystallization.  But  even  after  this  treatment  it  is  apt 
to  retain  a  little  sulphuric  acid ;  and  on  this  account,  when  required  to  be 
absolutely  pure,  it  should  be  fused  in  a  platinum  crucible,  and  once  more 
dissolved  in  hot  water  and  crystallized. 

Boracic  acid  in  this  state  is  a  hydrate,  which  contains  43.62  per  cent  of 
water,  being  a  ratio  of  34.9  parts  or  one  equivalent  of  the  anhydrous  acid  to 
27  parts  or  three  eq.  of  water.  This  hydrate  dissolves  in  25.7  times  its 
weight  of  water  at  60°,  and  in  3  times  at  212°.  Boiling  alcohol  dissolves 
It  fircely,  and  the  solution,  when  set  on  fire,  burns  with  a  beautiful  green 
flame;  a  test  which  affi^rds  the  surest  indication  o£  the  presence  of  boracic 
acid.  Its  specific  gravity  is  1.479.  It  has  no  odour,  and  its  taste  is  rather 
bitter  than  acid.  It  reddens  litmus  paper  feebly,  and  efiervesces  with 
alkaline  carbonates.  Mr.  Faraday  has  noticed  that  it  renders  turmeric 
paper  brown  like  the  alkalies.  From  the  weakness  of  its  acid  properties,  all 
the  borates,  when  in  solution,  are  decomposed  by  the  stronger  acids. 

When  hydrous  boracic  acid  is  exposed  to  a  gradually  increasing  heat  in  a 
platinum  crucible,  its  water  of  crystallization  is  wholly  expelled,  and  a  fused 
mass  remains  which  bears  a  white  heat  without  being  sublimed.  On  cool- 
ing, it  forms  a  hard,  colourless,  transparent  glass,  which  is  anhydrous 
boracic  acid.  If  the  water  of  crystallization  be  driven  off  bj^  the  sudden 
application  of  a  strong  heat,  a  large  quantity  of  boracic  acid  is  carried 
away  during  the  rapid  escape  of  watery  vapour.  The  same  happens,  though 
in  a  leas  degree,  when  a  solution  of  boracic  acid  in  water  is  boiled  briskly. 
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Vitrified  bortcie  add  tbould  be  preterved  in  weII.«topped  veadels;  for  if 
exposed  to  the  air,  it  abeorbe  water,  and  mdualiy  loees  its  transparenqr. 
Its  specific  gravity  is  1.803.  It  is  exceedugly  fusible,  and  commiinicatea 
tiiis^roperty  to  the  substances  with  which  it  unites.  For  this  reason  borax 
is  often  used  as  a  flux. 


SECTION   X. 

SELENIUM. 

This  substance  was  discovered  in  1818  by  Berzelius,  who  called  H 
selenium,  from  2iXMri»,  the  JIfoon,  suggested  by  its  having  at  first  been 
mistaken  for  the  metal  tellurium.  (An.  de  Ch.  et  de  Ph.  ix.  1(>0,  and  An.  of 
Phil.  xiiL  401.)  It  has  hitherto  been  obtained  in  ver^  small  quantity,  and 
occurs  for  the  most  part  in  combination  with  some  varieties  of  iron  pyrites. 
Stromeyer  has  also  detected  it,  as  a  sulphuret  of  selenium,  among  the 
volcanic  products  of  the  Lipari  isles.  It  is  found  likewise  at  CSaustbal  in 
the  Hartz,  combined,  according  to  Stromeyer  and  Rose,  with  several  metals, 
such  as  lead,  cobalt,  silver,  mercury,  and  copper.  Berzelius  found  it  in  the 
sulphur  obtained  by  sublimation  from  the  iron  pyrites  of  Fahlon.  In  a 
manufactory  of  sulphuric  acid,  at  which  this  sulphur  was  employed,  it  was 
observed  that  a  reddish-coloured  matter  always  collected  at  the  bottom  of  the 
leaden  chamber;  and  on  burning  this  substance,  Berzelius  perceived  a 
strong  and  peculiar  odour,  similar  to  that  of  decayed  horse-radish,  whrch 
induced  him  to  submit  it  to  a  careful  examination,  and  tlins  led  to  the 
discovery  of  selenium.  For  the  extraction  of  selenium  from  tlie  native 
sulphuret,  Magnus  proposes  to  mix  it  with  eight  times  its  weight  of  pcrox- 
ide  of  manganese,  and  to  expose  the  mixture  to  a  low  red  heat  in  a  glass 
retort,  the  l)eak  of  which  dips  into  water.  The  sulphur,  oxidized  at  the 
expense  of  the  manganese,  escapes  in  the  form  of  sulphurous  acid ;  while 
the  selenium  either  sublimes  as  such  or  in  the  state  of  selenious  acid. 
Should  any  of  the  latter  be  carried  over  into  the  water,  it  would  there  be 
reduced  by  the  sulphurous  acid. 

Selenium,  at  common  temperatures,  is  a  brittle  opaque  solid  body,  without 
taste  or  odour.  It  has  a  metallic  lustre  and  the  aspect  of  leacl  when  in 
mass :  bnt  it  is  of  a  deep  red  colour  when  reduced  to  powdpr.  Its  specific 
gravity  is  between  4.3  and  4.32.  At  212^  it  soflens,  and  is  then  so  tenacious 
that  it  may  be  drawn  out  into  fine  threads  which  are  transparent,  and 
appear  red  by  transmitted  light  It  becomes  quite  fluid  at  a  temperature 
•omewhat  above  that  of  boiling  water.  It  boils  at  about  650^,  fbrming^  a 
vapour  which  has  a  deep  yellow  colour,  but  is  free  from  odour.  It  may  be  sub- 
fimcd  in  close  vessels  without  change,  and  condenses  again  into  dark  globules 
of  a  metallie  lustre,  or  as  a  cinnabar-red  powder,  according  as  the  space  in 
which  it  collects  is  small  or  large.  Berzelius  at  first  regarded  it  as  a  metal ; 
but,  since  it  is  an  imperfect  conductor  of  heat  and  electricity,  it  more 
properly  belongs  to  the  class  of  the  simple  non-metallic  bodies. 

Selenium  is  insoluble  in  water.  H  suffers  no  change  firom  mere  exposure 
to  the  atmosphere;  but  if  heated  in  the  open  air,  it  combines  readily  with 
oxygen,  and  two  compounds,  oxide  of  selenium  and  selenious  acid,  are 

Snerated.  If  exposed  to  the  oxidizing  part  of  tlie  blow-pipe  flame,  it  tinges 
e  flame  with  a  light  blue  colour,  and  exhales  so  strong  an  odour  of 
decajred  horse-radish,  that  l-50th  of  a  grain  is  said  to  be  sufficient  to  soent 
the  air  of  a  large  apartment  By  this  character  the  presence  of  selenium, 
whether  alone  or  in  combination,  may  always  be  detected. 

Berzditts  has  shown  that  selenic  acid  is  composed  of  34  parts  of  oxygen 
end  39.6  of  selenium.    This  substance,  also,  has  three  grades  of  oxidation, 


the  oLjgea  in  tii0  two  last  of  which  ia  in  the  ratio  of  3  and  3;  aad  tiie 
highest  grade,  selenic  add,  haa  in  all  its  chemical  rclationB  a  aingularlj 
doee  anuqgy  to  aulphoric  acid.  From  these  tacts  it  is  inferred  that  selenic 
aeid  is  composed  of  one  atom  of  selenium  and  three  atoms  oi  oxjgen,  and 
that  the  equivalent  of  the  former  is  39.6. 
The  compounds  of  selenium  described  in  this  sedion  are  the  following  :— 

Seleniimi.  Oxygon.       Equiv.      Formul*. 

Glide  of  selenium  (probably)  39.6  or  1  eqy4-  8  or  leq.«=47^  Se-fO  or  8e. 
Selenious  add        .        .        39.6  +16or2eq.s55.6  8e+20orSe. 

Seknieadd  .  39.6  -h94or3eq.«i63,6  Se-|-30erSe. 

Oxide  of  Selenium^-^Thia  compound  is  formed  in  greatest  abnndanoe  by 
beating  seJeniuBti  in  a  limited  quantity  of  atmospheric  nir,  and  by  washing 
the  pradiiet  to  separate  telenious  acid,  which  is  generated  at  the  same  time. 
It  is  a  colourless  gaa,  which  is  irtrj  sparingly  soluble  in  water,  and  dees  nol 
possess  any  acid  properties.  It  is  the  caose  of  the  peculiar  odour  which  is 
emitted  during  the  oxidation  of  selenium. 

SdtmimtB  Aeid^—'Thm  acid  is  most  conveniently  prepared  by  digesting 
•elenium  in  nitric  or  oitro^hydrochloric  acid  till  it  is  eompletely  dissolved. 
Oa  evaporating  the  solution  to  dryness,  a  white  residue  is  leA,  which  is 
eeleniooB  aeid.  By  increase  of  temperature,  the  aeid  itself  suUimes,  and 
condenses  again  nncfaanged  into  long  Ibur-sided  needles.  It  attracts  mois- 
ture from  the  air,  whereby  it  suffers  imperfect  lique&ction.  It  dissolves  in 
alcohol  and  water.    It  has  distinct  acid  properties,  and  its  salts  are  called 

8e2enions  aeid  is  readily  decompoood  by  all  snbstanoes  which  have  a 
strong  affinity  for  oxygen,  such  as  sulphurous  and  pbospborous  adds. 
When  sulphurous  acid,  or  an  alkaline  sulphite,  is  added  to  a  solutioB  of 
selcnious  acid,  a  red-coloured  powder,  pure  sel^ium,  is  thrown  down«  and 
the  sulphurous  is  converted  into  sulphuric  acid.  Hydrosulphuric  aeid  also 
decomposes  it;  and  an  orang&yellow  predpitate  subsides,  which  is  a  sul- 
phuret  of  seieniom. 

JSelenic  AM-^Tht  preceding  eompoond,  discovered  by  Benelios,  was 
till  lately  the  only  fcnowa  acid  of  selenium,  and  has  been  described  in  ele* 
mentary  works  under  the  name  of  selenic  add ;  but  the  recent  discovery  of 
another  add  of  eeleniun  containing  more  oxygen  than  the  other,  has  ten* 
dered  necewmry  a  change  of  nomenclature.  The  existence  of  selenic  acid 
was  first  noticed  by  M.  Nitxsch,  assisUnt  of  Mitscherlich,  and  its  properties 
bave  been  examined  and  dascribed  by  the  Profossor  himself,  (iklin.  Journal 
of  Science,  viiL  294.) 

Tliis  add  is  prepared  by  fudng  nitrate  of  potMsa  or  soda  with  selenium, 
a  metaUie  seleninret,  or  with  sdenions  add  or  any  of  Its  salts.  Seleninret 
of  lead,  as  the  most  eoramim  ore  of  seieniom,  will  generally  be  employ- 
ed;  but  it  is  very  difficult  to  obtain  pure  selenic  add  by  its  means,  beeanee 
it  is  commonly  associated  with  metallic  sulpburets.  The  ore  is  first  treated 
with  hydrocbiorie  acid  to  remove  any  carbonate  that  may  be  present;  and 
the  insoluble  part,  which  is  about  a  third  of  the  msas,  b  mixed  with  its  own 
wdght  of  nitrate  of  soda,  and  thrown  by  successive  portions  Into  a  redJiot 
emdble.  The  lead  is  thus  oxidized,  and  the  selenium  converted  into  selenic 
add,  which  unites  with  soda.  Tbe  fused  mass  is  then  acted  on  by  hot 
water,  which  dissolves  only  seleniate  of  soda,  together  with  nitrate  and 
nitrite  of  soda ;  while  the  insoluble  matter,  when  well  washed,  is  quite  free 
from  selenium.  The  solution  is  next  made  to  boil  briskly,  when  anhydrous 
seleniate  of  soda  ie  deposited ;  while,  on  cooling,  nitrate  of  soda  erystallises. 
On  renewing  the  ebullition  and  subsequent  cooUngl,  fresh  portions  of  seleniate 
and  nitrate  are  procured ;  and  these  successive  operations  are  repeated,  until 
the  former  salt  is  entirely  separated.  This  process  is  founded  on  the  &ct, 
that  sdeniate  of  soda,  like  the  sulphate  of  the  same  base,  is  more  soluble 
fa  water  of  about  90°  than  at  higher  or  lower  temperatures.    The  nitrite  of 
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■oda,  formed  daring  the  fusion,  is  purposely  reconverted  into  nitrate  hj  &- 
gestion  with  nitric  acid. 

The  eeleniate  of  soda  thus  procured  always  contains  a  little  sulphuric 
acid,  derived  from  the  metallic  sulphurets  of  the  ore;  and  it  is  not  possible 
to  separate  this  acid  by  crystallization.  All  attempts  to  separate  it  by  zneans 
of  baryta  were  likewise  fruitless;  and  the  only  method  of  effecting-  this  ob- 
ject is  by  reducing  the  selenic  add  into  selenium.  This  is  done  by  heating 
a  mixture  of  seleniate  of  soda  with  hydrochlorate  of  ammonia,  when  the 
sodium  unites  with  chlorine,  all  the  hydrogen  with  oxygen,  and  selenium 
and  nitrogen  are  set  free.  This  change  will  be  more  readily  followed  when 
stated  in  symbols; — ^thus 

Na+0,Se+30,N+3H,  and  H+Cl,  yield  N,Se,4cH+0),  and  Na+CL 

The  selenium  which  sublimes  is  quite  free  from  sulphur.  It  is  then  con- 
verted  by  nitric  acid  into  selenious  acid,  which  should  be  neutralized  with 
'  soda,  and  fused  with  nitre  or  nitrate  of  soda.  The  pure  seleniate  of  soda, 
separated  from  the  nitrate  according  to  the  foregoing  process,  is  subse- 
quently dissolved  in  water,  and  obteined  in  crystalti  by  spontaneous  evapo- 
ration. 

To  procure  the  acid  in  a  free  state,  seleniate  of  soda  is  decomposed  by 
nitrate  of  oxide  of  lead.  The  seleniate  of  that  oxide,  which  is  as  insoluble 
as  the  sulphate,  after  being  well  washed,  is  exposed  to  a  current  of  hydro- 
sulphuric  acid  gas,  which  precipitetes  all  the  lead  as  a  sulphuret,  but  does 
not  decompose  the  selenic  acid.  The  excess  of  the  gas  is  driven  off  by  heat, 
and  pure  selenic  acid  remains  diluted  with  water.  The  absence  of  fixed 
substences  may  be  proved  by  ite  being  volatilized  by  heat  without  residue; 
and  if  free  from  sulphuric  acid,  it  gives  no  precipitate  with  chloride  of 
barium  after  being  boiled  with  hydrochloric  acid.*  Any  nitric  acid 
which  may  be  present  is  expelled  by  concentrating  the  solution  by  means 
of  heat 

Selenic  acid  is  a  colourless  liquid,  which  may  be  heated  to  536^  without 
appreciable  decomposition;  but  above  that  point  decomposition  commences, 
and  it  becomes  rapid  at  554P,  giving  rise  to  disengagement  of  oxygen  and 
selenious  acid.  When  concentrated  by  a  temperature  of  329^  ite  specific 
gravity  is  2.524;  at  512^  it  is  2.60,  and  at  545°  it  is  2.625,  but  a  little  seie- 
nious  acid  is  then  present  When  procured  by  the  process  above  described, 
selenic  acid  always  contains  water,  but  it  is  very  difficult  to  ascertain  ite 
precise  proportion.  Some  acid,  which  had  been  heated  higher  than  536°, 
contained,  subtracting  the  quantity  of  selenious  acid  present,  15.75  per  cent 
of  water,  which  approximates  to  the  ratio  of  one  equivalent  of  water  and 
one  of  the  acid.  It  is  certein  that  selenic  acid  is  decomposed  by  heat  before 
parting  with  ajl  the  water  which  it  contains. 

Selenic  acid  has  a  powerful  affinity  for  water,  and  emite  as  much  heat  in 
uniting  with  it  as  sulphuric  acid  does.  Like  this  acid  it  is  not  decomposed 
by  hydroBulphuric  acid,  and  hence  this  gas  may  be  employed  for  decora- 
posing  peleniate  of  the  oxides  of  lead  or  copper.  With  hydrochloric  acid 
the  change  is  peculiar;  for  on  boiling  the  mixture,  mutual  decomposition 
ensues,  water  and  selenious  acid  are  formed,  and  chlorine  is  set  free;  so 
that  the  solution,  like  aqua  regia,  is  capable  of  dissolving  gold  and  platinum. 
Selenic  acid  dissolves  zinc  and  iron  with  disengagement  of  hydrogen  gas, 
and  copper  with  formation  of  selenious  acid.  It  dissolves  gold  also,  but  not 
platinum.  Sulphurous  acid  has  no  action  on  selenic  acid,  whereas  selenious 
acid  is  easily  reduced  by  it    Consequently,  when  it  is  wished  to  precipitate 

*  The  necessity  for  this  previous  boiling  with  hydrochloric  acid  is  to  con- 
vert  the  selenic  into  selenious  acid,  without  which  change  the  chloride  of 
barium  would  produce  a  precipitate  of  seleniate  of  baryta.  The  rationale 
of  the  action  of  hydrochloric  acid  is  explained  further  on.  Ed, 
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wtAetdvm  Aom  aslemtf  aoid,  U  auwt  be  boiled  witb  bydrooiiiorie  teM  befima 
sulphurous  acid  ie  added. 

MitBeberliob  feae  obeerved,  that  eeleaie  aod  e nlpburic  aeida  ens  not  onlj 
aaaleffoos  in  ooEopoflitioo  and  in  many  of  their  properliee,  but  that  the  aimi- 
hriiy  rane  through  their  oompoondg  with  oikalioe  subetanoes,  their  eaUa  re- 
wtnb\ing  each  o&er  in  chemical  properties,  constitution,  and  Ibrni* 
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CHLORINE. 

Thc  discovery  of  chlorine  wu  made  in  the  year  1774  by  Scheele,  while 
ioTestifating  the  nature  of  manganese,  and  he  described  it  under  the  name 
of  defSlogigUeaUd  marine  add.  The  French  chemists  called  it  oxygen^atd 
flaacrietsc  octet,  a  term  which  wbb  afterwards  contracted  to  oxy-mwriaiie  acid^ 
from  an  opinion  proposed  by  Berthollet  Uiat  it  is  a  compound  of  inariotic 
add  and  oxygen.  In  1809  Gay.Lussac  and  Thenard  publislied  an  abstract 
of  some  experiments  upon  this  substance,  which  subsequently  appeared  ajt 
length  in  their  Recherches  Physico-Chimiques,  wherein  they  stated  that  oxy . 
muriatic  add  might  be  regarded  as  a  simple  body,  though  they  gave  the 
preference  to  the  doctrine  Mivancod  by  BerthoUet.  Sir  H.  Davy  engaged  in 
the  inquiry  about  the  same  time;  and  afler  having  exposed  oxy-muriatic 
acid  to  the  most  powerful  decomposing  agents  which  chemisU  possess, 
without  being  able  to  effect  its  decomposition,  he  cooununicated  to  tbe 
Royal  Society  an  essay,  in  which  he  denied  its  compound  nature;  and  he 
maintained  that,  according  to  the  true  logic  of  chemistry,  it  is  entitled  to 
rank  with  simf^e  bodies.  This  view,  which  is  commonly  termed  the  oev 
X^eory  of  iJdwine^  though  strongly  objected  to  at  the  time  it  was  first  pro- 
posed, is  now  nnivensaUy  received  by  chemists.  The  grounds  of  presence 
will  hereafter  be  briefly  stated. 

Chlorine  gas  is  obtained  by  thc  action  of  hydrochloric  acid  on  peroxide  of 
manganese.  The  most  convenient  method  of  preparing  it  is  bv  mixing 
concentrated  hydrochloric  add,  contained  in  a  glass  flask,  with  hidf  its 
weight  of  finely  powdered  peroxide  of  manganese.  Effervescence,  owing 
to  the  escape  of  chlorine,  takes  place  even  in  Uie  cold ;  but  the  gas  is  evolved 
much  more  freely  by  the  application  of  a  moderate  heat.  It  should  be  col- 
lected in  inverted  glass  bottles  filled  with  warm  water ;  and  when  the  water 
is  wholly  displaoed  bjr  the  gas,  the  bottles  should  be  closed  with  a  well- 
ground  glass  stopper.  As  some  hydrochloric  acid  gas  commonly  panes 
over  with  it,  the  dilorine  should  not  be  considered  quite  pure,  till  after  being 
transmitted  throngh  water. 

The  theory  of  this  process  will  be  readily  understood  by  first  viewing 
the  elements  which  act  on  each  other,  namely, — 

Manganese    .    S7.7orleq.  Mn  Chlorine  .    70.84  or  3  eq.        901 

Oxygen         ,16        2 eg.  20  Hydrogen       2      or 2 eg.        2H 

Perox.  of  mang.  43.7  or  1  eq.  Mn+20.  Hydroch.  ac.  72.84  or  2  eq.  2(H4-C1} ; 
and  then  inspecting  the  products  derived  firom  them,  namdy. 

Chloride  of  mang.  63.12         Water       18. 
laBymbols 

Mn-f20,  and  9(H^.CI>yield  Mn+Cl,  2(H4-0),  and  Q. 
18* 
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Hia  affinitiM  wMeb  determine  Umm  changes  ere  the  nrntnel  attmction  ef 
oxygen  and  hydrogen,  and  of  chlorine  and  manganese. 

When  it  is  an  object  lo  prepare  chlorine  at  the  cheapest  rate,  as  for  the 
purposes  of  manofiicture,  the  preceding  process  is  modified  in  the  follovring 
manner.  Three  parts  of  sca-salt  are  intimately  mixed  with  one  of  peroxide 
of  manganese,  and  to  this  mixture  two  parts  of  sulphuric  acid,  diluted  with 
an  equal  weight  of  water,  are  added.  By  the  action  of  sulphuric  acid  on 
sea-^alt,  hydrocblorie  acid  is  disengaged,  which  reacts  as  in  the  former  case 
upon  the  peroxide  of  manganese ;  so  that,  instead  of  adding  hydrochlo- 
ric acid  directly  to  the  manganese,  the  matcriab  for  forming  it  are  em- 
ployed.  In  this  process,  however,  the  sulphates  of  soda  and  protoxide  of  man- 
ganese  are  generated,  instead  of  chloride  of  manganese.  Thus  the  materials 
which  act  on  each  other  are  Mn,  Na  +  CI,  and  2S ;  and  the  products  Mn 
4-8,  I^a^-'d;  andCL 

Chlorine  (firom  ;^x»{q(,  green)  is  a  yellowish-green  coloured  gas,  which 
has  an  astringent  taste  and  a  disagreeable  odour.  It  is  one  of  the  most  suf. 
focating  of  the  gases,  exciting  spasm  and  great  irritation  of  the  glottis,  even 
when  considerably  diluted  with  air.  When  strongly  and  suddenly  com- 
pressed, it  emits  both  heat  and  licrbt,  the  latter  being  solely  due,  as  in  the 
case  of  air  and  oxygen,  to  tlie  chlorine  acting  chemically  on  the  oil  with 
which  the  compressing  apparatus  is  lubricated.  (An.  de  Ch.  et  de  Ph.  xliv. 
181.)  According  to  Davy  100  cubic  inches  of  dry  chlorine,  at  30  Bar.  and 
60°  F.  weigh  between  76  and  77  grains.  Gay-Lussac  and  Tbcnard  found 
the  density  of  pure  and  dry  chlorine  to  be  2.47,  which  gives  76.5988  grains 
as  the  weight  of  100  cubic  inches  at  60°  F.  and  30  Bar.  Under  the  pressure 
of  about  four  atmospheres,  it  is  a  limpid  liquid  of  a  bright  yellow  colour, 
which  does  not  freeze  at  the  temperature  of  zero,  and  which  assumes  the 
gaseous  form  with  the  appearance  of  ebullition  when  the  pressure  is  re- 
moved.    Mr.  Kemp  finds  that  this  liquid  is  a  non-conductor  of  electricity. 

Cold  recently  boiled  water,  at  the  common  pressure,  absorbe  twice  its  vol- 
ume  of  chlorine,  and  yields  it  again  when  heated.  The  solution,  which  is 
made  by  transmitting  a  current  of  chlorine  gas  through  cold  water,  has  the 
eolour,  taste,  and  most  of  the  other  properties  of  the  gas  itself.  When  moist 
chlorme  m  is  exposed  to  a  cold  of  3*2^,  yellow  crystals  are  formed,  which 
consist  of  water  and  chlorine  in  definite  proportions.  They  arc  composed, 
according  to  Mr.  Faraday,  of  35.42  parts  or  one  equivalent  of  chlorine,  and  90 
parts  or  ten  equivalents  of  water. 

Chlorine  experiences  no  chemical  change  from  the  action  of  tlie  impon- 
derables. Thus  it  is  not  affected  chemically  by  intense  heat,  by  stroDjf 
shocks  of  electricity,  or  by  a  powerful  galvanic  battery.  Davy  exposed  it 
also  to  the  action  of  charcoal  heated  to  whiteness  by  galvanic  electricity, 
without  separating  oxygen  from  it,  or  in  any  way  affecting  its  nature. 
Light  does  not  act  on  dry  chlorine ;  but  if  water  be  present,  the  chlorine  ^c- 
com^ses  that  liquid,  unites  with  the  hydrogen  to  form  hydrochloric  acid, 
and  oxygen  gas  is  set  at  liberty.  This  change  takes  place  ouickly  in  sun- 
shine,  more  slowly  in  diffused  daylight,  and  not  at  all  when  light  is  wholly 
excluded.  Hence  the  necessity  of'^keeping  moist  chlorine  gas,  or  its  solution, 
in  a  dark  place. 

Chlorine  unites  with  some  substances  with  evolution  of  heat  and  light, and 
is  hence  termed  a  supporter  of  combustion.  If  a  lighted  taper  be  plunged 
into  chlorine  ^s,  it  boms  for  a  short  time  with  a  small  red  flame,  and  emits 
a  large  quantity  of  smoke.  Phosphorus  takes  fire  in  it  spontaneously,  and 
burns  with  a  pale  white  light.  Several  of  the  metals,  such  as  tin,  copper, 
arsenic,  antimony,  and  zinc,  when  introduced  into  chlorine  in  the  state  of 

Sewder  or  in  fine  leaves,  are  suddenly  inflamed.  In  all  Uiese  cases  tho  oom- 
ustible  substances  unite  with  chlorine. 

Chlorine  has  a  very  powerful  attraction  for  hydrogen ;  and  many  of  the 
chemical  phenomena,  to  which  chlorine  gives  rise,  are  owing  to  this  pro- 
perty.   A  strikln^r  example  is  ita  power  of  decomposing  water  by  the  action 
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of  lifiit,  or  at  a  red  heat;  and  moat  oomponnd  aobatancea,  of  wliieh  bydro- 
gen  la  an  efement,  are  deprived  of  that  principle,  and,  therefore,  deoompoeed 
in  like  manner.  For  the  aame  reaaon,  when  chlorine,  water,  and  some  other 
bodj  which  haa  a  ttrooff  afllnitj  for  oxygon,  are  preeented  to  one  another, 
water  ia  oaoaUy  reaolved  into  ita  elementa,  ita  hydrogen  attaching  itself  to 
the  chlorine,  and  ita  oiygen  to  the  other  hody.  Hence  it  happens  that  chlo. 
rine  is,  indirectly,  one  of  the  moat  powerfol  oxidizing  agents  which  we 


When  any  compoond  of  chlorine  and  an  inflammable  is  exposed  to  the 
inflaence  of  galTaniam,  the  inflammable  bodygoes  over  to  the  negative,  and 
chlorine  to  the  positive  pole  of  the  battery.  This  establishes  a  dose  analogy 
between  oxygen  and  chlorine,  both  of  them  being  supporters  of  combustion, 
and  both  negative  electrics. 

Chlorine,  though  formerly  called  an  acid,  possesses  no  acid  properties.  It 
haa  not  a  soor  tiurte,  does  not  redden  tlie  blue  colour  of  plants,  and  shows 
comparatively  little  disposition  to  unite  with  alkalies.  Its  strong  affinity  for 
the  metals  is  sufficient  to  prove  that  it  is  not  an  acid ;  for  chemists  are  not 
acquainted  with  any  instance  of  an  acid  combining  directly  in  definite  pro. 
portion  with  a  metal 

The  mutual  action  of  chlorine  and  the  pure  alkaliea  leads  to  complicated 
changes.  If  chlorine  gas  be  passed  into  a  sdution  of  potassa  till  all  alkaline 
reaction  cease,  a  liquid  b  obtained  which  has  the  odour  of  a  solution  of  chlo- 
rine  in  water.  But  on  applying  heat,  the  chlorine  disappears  entirely,  and 
the  solution  is  found  to  contain  chlorate  of  potassa  and  chloride  of  potas- 
ainm.  From  six  equivalents  of  chlorine  and  six  eq.  of  potassa  are  obtained 
live  eq.  of  chloride  of  potassium  and  one  cq.  of  chlorate  of  potassa,  tlie  oxy* 
gen  of  five  eq.  of  potassa  just  sufficing  to  form  chloric  acid  with  one  eq.  of 
chlorine;  otf  stating  the  same  in  symU)Is, 

eCl  and  6(K  +  0)  yield  5(K+Cn),  K  +  0,  and  CI  +50. 

One  of  the  most  important  properties  of  chlorine  is  its  bleacbtng  power. 
All  animal  and  vegetable  colours  are  speedily  removed  by  chlorine;  and 
when  the  colour  is  once  discharged,  it  can  never  be  restored.  Davy  proved 
that  chlorine  cannot  bleach  unless  water  is  present  Thus  dry  litmus  paper 
eofiers  no  change  in  dry  chlorine ;  but  when  water  is  admitted,  the  colour 
apeedily  disappears.  It  is  well  known  also  that  hydrochloric  acid  is  always 
ppenerated  when  chlorine  bleaches.  From  these  facts  it  is  inferred  that  water 
IS  decomposed  during  the  process ;  that  its  hydrogen  unites  with  chlorine, 
and  that  deoompoaition  of  the  colouring  matter  is  occasioned  by  the  oxygen 
which  b  liberated.  Tlie  bleaching  property  of  binoxide  of  hydrogen  and  of 
chromic  and  permanganic  acids,  of  which  oxygen  is  certainly  the  decoloriz- 
ing principle,  leaves  little  doubt  of  the  accuracy  of  the  foregoing  explanation. 

Chlorine  is  useful,  likewise,  for  the  purposes  of  fumigation.  The  cxpc 
ricnoe  of  Guyton-Morveau  is  sufficient  evidence  of  its  power  in  destroying  the 
volatile  principles  given  off  by  putrefying  animal  matter;  and  it  probably  acta 
in  a  similar  way  on  contagious  efHuvia.  A  peculiar  compound  of  chlorine 
and  soda,  the  nature  of  which  will  be  considered  in  the  section  on  sodium, 
haa  been  lately  introduced  for  tliis  purpose  by  M.  Labarraqoe. 

Chlorine  is  in  general  easily  recognized  by  its  colour  and  odour.  Chemi- 
cally it  may  be  detected  by  its  bleaching  property,  added  to  the  circum- 
stance  that  a  solution  of  nitrate  of  oxide  of  silver  occasions  in  it  a  dense 
white  precipitate  (a  compoond  of  chlorine  and  metallic  silver),  which  be- 
comes dark  on  exposure  to  light,  is  insoluble  in  acids,  and  dissolves  com- 
pletely in  pure  ammonia.  The  whole  of  the  chlorine,  however,  is  not  thrown 
down ;  for  the  oxygen  of  tbo  oxide  of  silver  unites  with  a  portion  of  chlo- 
rine, and  converts  it  into  chloric  acid. 

Those  compounds  of  chlorine,  which  are  not  acid,  are  termed  ehloriaes  or 
•  ehlorureis.  The  former  expression,  from  the  analogy  between  chlorine  and 
oxygen,  is  perhaps  the  more  appropriate. 

Serzelina  inferred  the  equivalent  of  chlorine  from  the  oxygen  lost  by  chlo- 
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nU  •f  poteiM  vhm  deeompoiMl  bj  iieat,  and  tiM  qwnlity  «f  chlorine  fiNind 
ni  tiie  residaal  chloride  cf  potMaiqiiL  I  mveslifated  the  imm  vubiect  by 
•nmiiung  into  \he  compoMtioB  of  the  nitrale  c«  the  ostde  and  chloride  ii 
eiUer,  of  the  protoxide  and  chloride  of  lead,  and  of  the  peroxide  and  chlo- 
ridea  of  mercury.  These  reaearcbea  ooneur  in  ebowto|r  35w43  to  be  the  eqni^ 
yaleot  of  chlorine,  and  not  36.  the  nomher  eooimonj/  adopled  in  thie  ooqn- 
try.  The  narober  inferred  from  the  densitiee  of  chlorine  and  hydrcgen 
gaaefl  Is  35.84  (pa^e  146) ;  but,  unibrtuoately,  the  densities  of  these  faaes 
are  not  known  wim  the  precision  reqwred  iir  an  applieation  of  this  natore. 
The  composition  of  Ihe  compounds  deacribed  in  ihia  seetion  is  as  follows: 

Chlorine.  EquiY.  Formule. 

35.42    leq.  +  Hydrosen  1        l^^H,4U    H+Q 


HydroeUoric 

acid 
Protoxide  of 

chlorine 
Pero^dde  of 

chlorine 
Chloric  acid 
Perchloric  acid* 
Quadrochloride 

of  nitrogen 
Protochloride  of 

carbon 
J  Chloride  of 

carbon 
Pichloridc  of 

carbon 
Perchloride  of 

carbon 
Dichloridc   of 

sulphur 
Protochloride 

of  sulphur 
Sesquichloride 

of  phosphorus 
Perchloride  of 

phosphorus 
Chlorocarbonic 

acid  gas 

Chloral 


.   35.4d 

I  SSAQ 

^  35.43 
35.43 

141^8 
3542 

177.1 
35.42 

106i26 
35.42 
35.42 

106.26 

177.1 
35.42 


1  eq.-f  Hydrogen  1 
-fOxyg^i      8 

+Ditto        33 

-l-Ditto        40 
4- Ditto        56 

4  eq.+Nitrogen  14.15 
1  eq.+Carbon       6.12 

5  eq.  4.  Ditto  24.48 
1  eq.+Ditto  12J34 
3eq.+Ditto  12.24 
leq.+Sulphur    32J2 

1  eq.+Ditto  16.1 
3eq.+Phospb.  31.4 
5eq.+Ditto  31.4 
1  eq.4.Carb.ox.  14.12 


43.43 

67.42 

75.42 
91.42 

a55.83 
z  4L54 


Xeq, 

leq. 

4 

5  eq.s 

1  eq. 

leq. 

4  eq.«301.58 

3eq. 

9eq.: 

3oq.: 

1  eq.: 

2eq. 


CI  4-0 

0+40 

CI  4- 50 
C1  +  70 

N+4C1 


47.66 


C4-CI 
4C4-5CI 
2C4-CI 
118.5  9C4.3C1 
67.62     2S+CI 

51^     s+a 

137.66  3P+3CI 


3cq.»   308.5   2P+5CI 
1  eq.s   49.54     C+Q 


Terchloride 
of  boron 


212.52    6eq.+  jga^H^nJ.0 


'9eq.j^2^9^pa+6Cl 


4eq.(*  ''"I  +40 
|l06ii6  3eq.+Boron  10.9  1  eq«  117.16  B+3CI 
Hydrochloric  Acid. — A  concentrated  aqucoos  solution  of  this  acid  has 
been  long  known  under  the  names  of  spirit  of  salt,  and  of  marine  or  muriatic 
acid ;  but  in  its  purer  form  of  gas,  it  was  discovered  in  1772  by  Dr,  Prieat- 
Icy.  It  may  be  conveniently  prepared  by  puUing  an  ounce  of  stronff 
hydrochloric  acW  solution  into  a  glass  flask,  and  heating  it  by  means  of  a 
lamp  till  the  liquid  boils,  when  the  gas  is  freely  evolved,  and  may  be  col- 
lected over  mercury.  Another  method  of  preparing  it  is  by  the  action  of 
concentrated  sulphuric  acid  on  an  equal  weight  of  sea-salt  Brisk  eilenres. 
cence  ensues  at  the  moment  of  making  the  mixture,  and  on  the  applioition 


*  Oxy<^hrie  would  be  a  more  appropriate  appellation  for  this  acid,  as  its 
adoption  would  prevent  all  ambiguity  in  naming  its  salts.  This  name  I  pro- 
poeed  for  it  in  1819,  in  my  System  of  Chemistry  for  Students  of  Medicine  ; 
and  It  niay  be  inferred  that  it  has  the  sanction  of  fierxelius,  as  he  emoloTS 
It  u  his  TruUi  de  Chimie^—Ed,  ^ 
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As 


of  beat,  a  larfe  anantity  of  hydrochloric  acid  gaa  is  difenga^ed.  In  the  former 
proceaa,  hydrodiloric  acid,  previuualy  dissolved  in  water,  »  simply  expelled 
horn  the  solution  by  beat  The  explanation  of  the  latter  process  is  more 
complicated.  Sea-salt  was  formerly  supposed  to  be  a  compound  of  hydro- 
chloric  acid  and  soda ;  and,  on  this  supposition,  the  soda  was  believed  merely 
to  quit  the  hydrocliloric  and  unite  with  sulphuric  acid.  But  the  researches 
of  Gay-Lussac,  Thenard,  and  Davy  proved  that  it  consists  of  chlorine  and 
sodium  combined  in  the  ratio  of  their  equivalents.  The  nature  of  its  action 
with  sulphuric  acid  will  be  understood  by  compafing  the  elements  concerned 
in  the  change  before  and  after  it  has  occurred : — 

BfdroosSoIpu  Acid.       Chloride  of  Sodium.       Snip,  of  Soda.  Hydrochloric  Acid. 

Real  acid         401      Chlorine  35.4^  11  Acid  40.1    Chlorine    35.42 

Water  I  ^^;  I        Sodium  23.3    ||sodaJ^      ^-^    Hydrogen     1 

Or  in  symbols, 

(S-f  30)+(H+0),  and  Na+Cl,  yield  (Na+0)+(S+30),  and  H+a. 

Thus  it  appears  that  single  equivalents  of  water,  sulphuric  acid,  and 
chloride  of  sodium,  yield  sulphate  of  soda  and  hydrochloric  acid.  The 
water  of  the  sulphuric  acid  is  essential;  so  much  so,  indeed,  that  chloride  of 
sodium  b  not  decomposed  at  all  by  anhydrous  sulphuric  acid. 

Hydrochloric  acid  may  be  generated  by  the  direct  union  of  its  elements. 
When  equal  measures  of  chlorine  and  hydrogen  are  mixed  together,  and  an 
electric  spark  is  passed  through  the  mixture,  instantaneous  combination 
takes  place,  heat  and  lisrht  are  emitted,  and  hydrochloric  acid  is  venerated. 
A  similar  efl^t  is  produced  by  flame,  by  a  red-hot  body,  and  by  spongy 
platinum.  Light  also  causes  them  to  unite.  A  mixture  of  the  two  gases 
may  be  preserved  without  change  iil  a  dark  place ;  but  if  exposed  to  the 
diffiised  light  of  day,  gradual  combination  ensues,  which  is  completed  in 
the  course  of  24  hours.  The  direct  solar  rays  produce,  like  flame  and 
electricity,  sadden  inflammation  of  the  whole  mixture,  accompanied  with 
explosion ;  and,  according  to  Mr.  Brande,  the  vivid  lic^ht  emitted  by  charcoal 
intensely  heated  by  galvanic  electricity  acts  in  a  similar  manner. 

The  experiments  of  Davy,  and  Gay-Lussac  and  Thenard  concur  in 
proving  that  hydro^ren  and  chlorine  gases  unite  in  equal  volumes,  and  that 
the  hydrochloric  acid,  which  is  the  sole  and  constant  product,  occupies  the 
same  space  as  the  gases  h-om  which  it  is  formed.  From  these  fiicts  the 
composition  of  hydrochloric  acid  is  easily  inferred.    For,  as 

Grains. 
50  cubic  inches  of  chlorine  weigh  .  38i2994 

50  hydrogen  .  1.06b3 

100  cubic  inches  of  muriatic  acid  gas  must  weigh     39.3677 

Tlicse  numbers  are  nearly  in  the  ratio  of  1  to  35.42,  behig  that  of  single 
equiTalents  of  chlorine  and  hydrogen,  as  stated  at  page  146.  The  specific 
^iravity  of  hydrochloric  acid  gas  calculated  flrom  the  same  facts  (psge  148) 
18  li2694,  which  agrees  closely  with  direct  observations. 

Hydrochloric  acid  gas  is  colourless,  and  has  a  pungent  odour  and  an  acid 
taste.  Under  a  pressure  of  40  atmospheres,  and  at  the  temperature  of  50^» 
it  is  liquid.  It  is  quite  irrespirable,  exciting  violent  spasm  of  the  crlottis ; 
but  when  diluted  with  air,  it  is  far  less  irritating  than  chlorine.  All  bum* 
ing  bodies  are  extinguishod  by  it,  nor  is  the  gas  itself  inflammable. 

Hydrochloric  acid  gas  is  not  chemically  changed  by  mere  heat.  It  is 
readily  decomposed  by  galvanism,  hydrogen  appearing  at  the  negative,  and 
chlorine  at  the  positive  pole.  It  is  also  decomposed  by  ordinary  electricity. 
The  decomposition,  however,  is  incomplete ;  for  though  one  electric  spark 
resolves  a  portion  of  the  gas  into  its  elements,  the  next  shock  in  a  great 
measure  effects  their  reunion.  It  is  not  affected  by  oxygen  under  common 
circumsUnces ;  but  if  a  mixture  of  oxygen  and  hydrochloric  acid  gases  is 
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dectrified,  the  oxygen  unites  with  the  hydrogen  of  the  acid  to  fbrni  water, 
and  chlorioe  is  set  at  liberty.  For  thu  ami  the  preceding  fact,  we  axe 
indebted  to  the  researches  of  Dr.  Henry. 

One  of  the  most  striking  properties  of  hydrochloric  acid  gas  is  its  power* 
fol  attraction  for  water.  A  dense  white  cload  appears  whenever  it  escapee 
into  the  air,  owing  to  its  combining  with  the  aqueous  vapour  of  the  atmo- 
sphere.  When  a  piece  of  ice  is  put  into  a  jar  full  of  the  gas  confined  over 
mercury,  the  ice  liquefies  on  the  instant,  and  the  whole  of  the  gas  disappears 
in  the  course  of  a  few  seconds.  On  opening  a  long  wide  jar  of  hydrochloric 
acid  gas  under  water,  the  absorption  of  the  gas  takes  place  so  instantano- 
oosly,  that  the  water  is  forced  up  into  the  jar  with  the  same  violence  as  into 
a  vacuum. 

Hydrochloric  add  is  much  used  in  the  form  of  a  concentrated  aqueoiu 
solution,  which  is  made  by  transmitting  a  current  of  the  gas  into  water  as 
long  as  any  of  it  is  absorbed.  Considerable  increase  of  temperature  takes 
place  during  the  absorption,  and,  therefore,  the  apparatus  should  be  kept 
cool  by  ico.  Davy  states  (Elements,  p.  252.)  that  water  at  the  temperature 
of  40^  absorbs  480  times  its  volume  of  the  gas,  and  that  the  solution  has  a 
density  of  li2109.  Dr.  Thomson  finds  that  one  cubic  inch  of  water  at  69^ 
absorbs  418  cubic  inches  of  gas,  and  occupies  the  space  of  1.34  cuhic  inch* 
The  solution  has  a  density  of  1.1958,  and  one  cubic  inch  of  it  contain.^ 
311.04  cubic  inches  of  hydrochloric  acid  gas.  The  quantity  of  real  acid 
contained  in  solutions  of  different  densities  may  be  determined  by  ascertain, 
ing  the  quantity  of  pure  marble  dissolved  by  a  given,  weight  of  each.  Every 
50.62  grains  of  marble  correspond  to  36.42  of  real  acid.  The  following 
table  from  Dr.  Thomson*s  ^*  Principles  of  Chemistry,"  is  constructed  accord* 
In^  to  this  rule.  The  first  and  second  colonws  show  the  atomic  constitution 
ofeach  acid. 

Table  exhUnling  the  Specific   Gravity  af  Muriatic  Acid  of  detenaifmU 
Strengths. 


Atomi 

Atoms 

Real  acid  Id  100 

Specific 

Atoms 

Atoms 

Real  acid  in  160 

Speeifle 

of  acid. 

ofwater. 

oftheliqaid. 

Gravity. 

of  acid. 

of«rat«r. 

oftheliquid. 

Graritj. 

6 

40.659 

1.203 

14 

22.700 

1.1060 

7 

37.000 

1,179 

15 

21J512 

1.1008 

8 

33.945 

1.162 

16 

20.442 

1.0960 

9 

31.346 

1.149 

17 

19.474 

1.0902 

10 

29.134 

1.139 

1 

18 

18ii90 

1.0860 

11 

27.206 

1.12a5 

19 

17.790 

1.0820 

12 

25.517 

1.1197 

20 

17.051 

1.0780 

13 

24.026 

1.1127 

AH  the  Pharmacoposias  give  directions  for  forming  hydrochloric  acid. 
The  process  recommended  by  the  Edinburgh  College  is  practically  good. 
The  proportions  ihey  recommend  are  equal  weights  of  sea-salt  water,  and 
sulphuric  acid,  more  acid  being  purposely  employed  than  is  safficient  to 
ferm  a  neutral  sulphate  with  the  soda,  so  that  the  more  perfect  decompo- 
sition of  the  sea-salt  may  be  ensured.  The  acid,  to  prevent  too  violent 
effervescence  at  first,  is  mixed  with  oncthird  of  the  water,  and  when  the 
mixture  has  cooled,  it  is  poured  upon  the  salt  previously  introdaoed  into  a 
glass  retort  Tho  distillation  is  continued  to  dryness;  and  the  gas,  as  it 
escapes,  is  conducted  into  the  remainder  of  the  water.  The  thewy  of  the 
process  has  already  been  explained.  The  residue  is  a  mixture  of  sulphate 
and  btsttlphate  of  «oda.  The  specific  gravity  of  the  add  obtained  by  this 
procom  is  1.170. 

Hydrochloric  acid  of  commerce  has  a  yellow  etdour,  and  is  always  impure. 
Its  usual  impurities  are  nitric  acid,  solphoric  acid,  and  mide  of  iron«    Tho 
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presence  of  nitric  acid  ibav  be  inferred  if  the  hydrochloric  acid  has  the 
property  of  dissolving  gold-leaf.  Iron  may  be  detected  by  ferrocyanuret  of 
potassinm,  and  sulphuric  ecid  by  chloride  of  barium,  the  suspected  hydro- 
chloric acid  being  previously  diluted  with  three  or  four  parts  of  water.  The 
presence  of  nitric  acid  is  provided  against  by  igniting  the  sea-salf,  as  recom- 
mended by  the  Eldinburgh  College,  m  order  to  decompose  any  nitre  which  it 
may  contain.  The  other  impurities  may  be  avoided  by  employing  WouLTe's 
Apparatus.  A  few  drachms  of  water  are  put  into  the  first  bottle  to  retain 
the  chloride  of  iron  and  sulphuric  acid  which  pass  over,  and  the  hydrochloric 
acid  gas  is  condensed  in  the  second. 

A  strong  solution  of  pure  hydrochloric  acid  is  a  colourless  liquid,  which 
emits  white  vapours  when  exposed  to  the  air,  is  intensely  sour,  reddens 
litmus  paper  strongly,  and  neutralizes  alkalies.  It  combines  wiih  water  in 
every  proportion,  and  causes  increase  of  temperature  when  mixed  with 
it,  though  in  a  much  less  degree  than  sulphuric  acid.  It  freezes  at  — 60^  F.  j 
and  boi&  at  110^,  or  a  little  higher,  giving  off  pure  hydrochloric  acid  gas  in 
large  quantities. 

Hydrochloric  add  is  decomposed  by  substances  which  yield  oxygen  rea^ 
dil^.  Thus  several  peroxides,  such  as  those  of  manganese,  cobalt,  and  lead, 
efiect  its  decomposition.  Chloric,  iodic,  bromic,  nitric,  and  sclenic  acids  act 
on  the  same  principle.  A  mixture  of  nitric  and  hydrochloric  acids,  in  the 
ratio  of  one  measure  of  the  former  to  two  of  the  latter,  has  long  been  known 
under  the  name  of  aqua  regia,  as  a  solvent  for  gold  and  platmum.  'When 
these  acids  are  mixed  togeuier,  the  solution  instantly  becomes  yellow ;  and 
on  heating  the  mixture,  pure  chlorine  is  evolved,  and  the  colour  of  the  solu- 
tion deepens.  On  continuing  the  heat,  chlorine  and  nitrous  acid  vapours 
are  disengaged.  At  length  me  evolution  of  chlorine  ceases,  and  the  residual 
liquid  is  &und  to  be  a  solution  of  hydrochloric  and  nitrous  acids,  which  is 
incapable  of  dissolving  gold.  The  explanation  of  these  facts  is,  that  nitric 
and  hydrochloric  acids  decompose  one  another^  giving  rise  to  the  production 
of  water  and  nitrous  acid,  and  the  separation  of  chlorine ;  while  hydro- 
chloric and  nitrous  acids  may  telieatcd  together  without  mutual  decompo- 
sition. It  is  hence  inferred  ttntt  the  power  of  niiro-hydrochloric  acid  in 
dissolving  gold  is  owing  to  ■(the'  chlorine  which  is  liberated.  (Davy  in  the 
Quarterly  Journal,  vol.  i.)     ' 

Hydrochloric  acid  is  distinguished  by  its  odour,  volatility,  and  strong  acid 
properties.  With  nitrate  of  oifdiB  oT  silver  it  yields  the  same  precipitate  as 
chlorine;  but  no  chloric  i^id  is  generated,  because  the  oxygen  of  the  oxide 
of  silver  unites  with  the  hydrogen  of  the  hydrochloric  acid,  and  the  chlorine 
in  consequence  is  entirely  precipitated.  Notwithstanding  that  nitrate  of 
oxide  of  silver  yields  the  same  precipitate  with  chlorine  and  hydrochloric 
acid,  there  is  no  difficulty  in  distinguishing  between  them;  for  the  bleaching 
property  of  the  former  is  a  sure  ground  of  distinction. 

COMPOUNDS  OF  CHLORINE  AND  03CYGEN. 

The  leading  character  of  these  compounds  is  derived  from  tlie  circum- 
stance that  chlorine  and  oxygen,  the  attraction  of  which  for  most  elemen- 
tary substances  is  so  energetic,  have  but  a  feeble  affinity  for  each  other. 
These  principles,  conseouently,  are  never  met  with  in  nature  in  a  state  of 
combination.  Indeed,  they  cannot  be  made  to  combine  directly ;  and  when 
they  do  unite,  very  slight  causes  effect  their  separation.  Chemists  are  not 
sgnsed  as  to  the  exact  number  of  the  compounds  of  chlorine  and  oxygen. 
"Ae  subjoined  list  contains  those  which  hitherto  have  been  generally  ad- 
mittcd;  but  the  existence  of  the  first  is  very  problematical,  while  somtt 
enumerate  a  fiflh  under  the  name  of  chlorous  acid. 
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Vitrified  boracie  acid  tbould  be  preserved  in  well-stopped  Teasels;  for  if 
exposed  to  the  air,  it  absorbs  water,  and  mdually  loses  its  transparency. 
lu  specific  gravity  is  1^3.  It  is  exceedingly  fusible,  and  communicates 
this  j»roperty  to  the  sabstances  with  which  it  unites.  For  this  reason  borax 
is  often  used  as  a  flux. 


SECTION   X. 

SELENIUM. 

This  substance  was  discovered  in  1818  by  Berzelius,  who  called  H 
selenium,  from  2ixmv«,  Ou  Moon,  suggested  by  its  having  at  first  been 
mistaken  for  the  metal  tellurium.  (An.  de  Ch.  et  de  Ph.  ix.  160,  and  An.  of 
Phil.  xiiL  401.)  It  has  hitherto  been  obtained  in  very  small  quantity,  and 
occurs  for  the  most  part  in  combination  with  some  varieties  of  iron  pyrites. 
Stromeyer  has  also  detected  it,  as  a  sulphuret  of  selenium,  nmong  the 
volcanic  products  of  the  Lipari  isles.  It  is  found  likewise  at  Clausthal  in 
the  Hartz,  combined,  according  to  Stromeyer  and  Rose,  with  several  metals, 
such  as  lead,  cobalt,  silver,  mercury,  and  copper.  Berzelius  found  it  in  the 
sulphur  obtained  by  sublimation  from  the  iron  pyrites  of  Fahlon.  In  a 
manufactory  of  sulphuric  acid,  at  which  this  sulphur  was  employed,  it  was 
observed  that  a  reddifh-coloured  matter  always  collected  at  the  bottom  of  the 
leaden  chamber;  and  on  burning  this  substance,  Berzelius  perceived  a 
strong  and  peculiar  odour,  similar  to  that  of  decayed  horse-radish,  which 
induced  liim  to  submit  it  to  a  carcfbl  examination,  and  thus  led  to  the 
discovery  of  sclcniura.  For  the  extraction  of  selenium  from  the  native 
sulphuret,  Magnus  proposes  to  mix  it  with  eight  times  its  weight  of  pcrox. 
ide  of  manganese,  and  to  expose  the  mixture  to  a  low  red  heat  in  a  glass 
retort,  the  beak  of  which  dips  into  water.  The  sulphur,  oxidized  at  the 
expense  of  the  manganese,  escapes  in  the  form  of  sulphurous  acid  ;  while 
the  selenium  either  sublimes  as  such  or  in  the  state  of  selenious  acid. 
Should  any  of  the  latter  be  carried  over  into  the  water,  it  would  there  be 
reduced  by  the  sulphurous  acid. 

Selenium,  at  common  temperatures,  is  a  brittle  opaqoe  solid  body,  without 
taste  or  odour.  It  has  a  metallic  lustre  and  the  aspect  of  leacf  when  in 
mass :  but  it  is  of  a  deep  red  colour  when  reduced  to  powder.    Its  specific 

Savity  is  between  43  and  4.32.  At  212^  it  soflens,  and  is  then  so  tenacious 
at  it  may  be  drawn  out  into  fine  threads  which  are  tranjfparcnt,  and 
appear  red  by  transmitted  light.  It  becomes  quite  fluid  at  a  temperature 
•emewhat  alxwe  that  of  boiling  water.  It  boils  at  about  650°,  forming^  a 
vtipour  which  has  a  deep  yellow  colour,  but  is  free  from  odour.  It  may  be  sub- 
fimcd  in  close  vessels  without  change,  and  condenses  again  into  dark  globules 
of  a  metallic  lustre,  or  as  a  cinnabar-red  powder,  according  as  the  space  in 
which  it  collects  is  small  or  large.  Berzelius  at  first  regarded  it  as  a  metal ; 
but,  since  it  is  an  imperfect  conductor  of  heat  and  electricity,  it  more 
properly  belongs  to  the  class  of  the  simple  non-metallic  bodies. 

Selenium  is  insoluble  in  water.  It  sufiers  no  change  from  mere  exposure 
to  the  atmosj^ere;  but  if  heated  in  the  open  air,  it  combines  readily  with 
oxygen,  and  two  compounds,  oxide  of  selenium  and  selenious  acid,  are 
generated.  If  exposed  to  the  oxidizing  part  of  the  blow-pipe  flame,  it  tinges 
the  flame  with  a  light  blue  colour,  and  exhales  so  strong  an  odour  of 
decayed  horseradish,  that  l-50th  of  a  grain  is  said  to  be  sufficient  to  soent 
the  air  of  a  large  apartment  By  this  character  the  presence  of  selenium, 
whether  alone  or  in  combination,  may  always  be  detected. 

Berzelius  has  shown  that  selenic  acid  is  composed  of  24  parts  of  oxyjien 
and  39.6  of  selenium,    lliis  substance,  also,  has  three  grades  «f  oxidation. 
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the  faygen  in  the  two  last  of  which  if  in  the  imtio  of  9  and  3;  and  Ihe 
highest  mde,  selenic  acid,  haa  in  all  its  chemical  reUtionfl  a  aingularly 
cleee  aniuogy  to  aolphuric  acid.  Froni  these  &cta  it  ia  inferred  that  aelenie 
acid  ia  compoaed  or  one  atom  of  aeleniam  and  three  atooia  of  oxygen,  and 
that  the  equivalent  of  the  former  ia  39.6. 

Tlie  compoofida  of  acleniom  deacribed  in  thia  aection  are  the  following  :^- 

fieleniom.  Oxygen.       Eqniv.      Formuls. 

Oxide  of  aeleniam  (probably)  39.6  or  1  eqrf  8  or  leq,x^41S  Se+O  or  Be. 
Selenious  add        .        .        39.6  +16or2eq.»55.6  Se+dOorSe. 

Sdenieadd  394  -f  84or3eq.«»(i3.6  Sa+30er8ie. 

Oxide  tf  Selenimm^-^ThiB  compoand  is  formed  in  greateat  abundance  by 
beatiog  aeleniam  in  a  limited  quantity  of  atmoopberic  air,  and  by  waahing 
the  prodoet  to  separate  aelenious  acid,  which  is  generated  at  the  same  time. 
It  is  a  coloorless  gas,  which  is  very  sparingly  soluble  in  water,  and  doea  not 
posooss  any  acid  properties.  It  ie  the  eaose  of  the  peeoliar  odour  which  is 
emitted  during  the  oxidation  of  selenium. 

SeUmimt9  iieuL-*-This  acid  is  most  conveniently  prepared  by  digesting 
adeniara  in  nitric  or  nitro^hydroehloric  acid  till  it  is  completdy  dissdved. 
On  evaportting  the  solotioo  to  dryness,  a  white  reddue  is  left,  which  is 
sdeniooB  aeid.  By  increaae  of  temperature,  tbe  aeid  itaelf  sudimes,  and 
oondenaes  again  unchanged  into  long  four-sided  needles.  It  attracts  mois- 
tore  from  the  air,  whereby  it  sufiers  imperfoet  lique&ction.  It  dissolves  in 
•Icobd  and  water.  It  has  distinct  add  properties,  and  ita  sails  are  called 
sdetittes. 

Sdenioos  acid  is  readily  deeompoeed  by  all  substances  which  bsTC  a 
strong  affini^  for  oxygen,  such  as  fulphurous  and  pboepborons  adda. 
When  sulphurous  acid,  or  an  alkaline  sulphite,  is  added  to  a  solution  of 
sdeoiovs  acid,  a  red-eoloored  powder,  pure  selenium,  is  thrown  down,  and 
the  sulphurous  is  converted  into  sulphuric  add.  Hydrosulphuric  add  also 
decomposes  it;  and  an  orattg&>yeUow  predpitato  snosides,  which  is  a  sol- 
phuret  of  sdemonu 

Stlenie  Acid,-^Tbt  preceding  eompound,  discovered  by  Bersdius,  waa 
till  ktdy  the  only  known  add  of  sdeniom,  and  haa  been  deacribed  in  ele- 
mentary worka  under  the  name  of  adenic  add ;  bat  tbe  reoent  discovery  of 
another  add  of  edenion  contdning  more  oxygen  than  the  other,  haa  ren- 
dered neeessary  a  change  of  nomendatare.  The  existonce  of  selenic  acid 
was  first  noticed  by  M.  Nitach,  assistant  of  Mitadierlich,  and  its  properties 
bave  been  examinol  and  described  by  the  Profossor  himself.  (Edin.  Joornd 
of  Sdence,  viiL  294.) 

This  acid  is  prepared  by  fodng  nitrato  of  potasst  or  soda  with  adeniom, 
•  metallic  sefedoret,  or  with  sdenious  add  or  any  of  ito  aalts.  Seleniuret 
of  lead,  M  the  most  coramon  ore  of  selenium,  will  generally  be  employ- 
ed; hot  it  is  very  difficult  to  obtain  pure  sdenio  add  by  its  means,  because 
it  is  commonly  aasociated  with  metallic  aulpburets.  The  ore  is  first  treated 
with  bydrocbJorie  add  to  remove  any  carbonate  that  ma]^  be  present;  and 
the  inadoble  part,  which  is  about  a  third  of  the  maaa,  is  mixed  with  its  own 
wdght  of  nitrate  of  soda,  and  thrown  by  successive  portions  into  a  red-hot 
erudble.  Tiie  lead  is  thus  oxidized,  and  the  selenium  converted  into  selenic 
add,  which  unites  with  soda.  The  fused  mass  is  then  acted  on  by  hot 
water,  whieh  dissdves  only  seleniate  of  aoda,  together  with  nitrate  and 
nitrite  of  soda ;  while  the  insoluble  matter,  when  well  washed,  is  quite  free 
from  sdeniom.  The  solution  is  next  made  to  boil  briskly,  when  anhydrous 
aeleniato  of  aoda.  ia  deposited ;  while,  on  ending,  nitrato  of  aoda  eiTstanises. 
On  renewing  the  ebullition  and  subsoquent  cooling,  fresh  portions  of  seleniate 
and  nitrate  are  procured ;  and  these  successive  operations  are  repeated,  until 
the  former  salt  is  entirely  separated.  Tliis  process  is  founded  on  the  &ct, 
that  seleniate  of  soda,  like  the  sulphate  of  the  same  base,  is  more  soluble 
fn  water  of  about  90°  than  at  higher  or  lower  temperatures.    The  niUito  o 
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■enred  by  Mr.  Chenevix,  waf  first  obtained  in  «  aepante  state  by  Quj' 
Lnaaao. 

Chloric  acid  reddens  ve^retable  blue  oolonrs,  has  a  sour  taste,  and  forma 
neutral  salts,  called  ehioratet^  (formerly  hyptroxymuriatea\  vuth  alkaline 
bases.  It  possesses  no  bleaching  properties,  a  circumstance  by  which  it  is 
distinguished  from  chlorine.  It  gives  no  precipitate  in  solution  of  nitrate  of 
oxide  of  silver,  and  hence  cannot  be  mistaken  for  hydrochloric  acid.  Its  so- 
lution may  be  concentrated  by  gentle  heat,  till  it  acquires  an  oily  consist- 
ence, without  decomposition :  in  this  state  of  highest  concentration  it  ac- 
quires a  yellowish  tint,  emits  an  odour  of  nitric  acid,  sets  fire  to  paper  and 
other  dry  organic  matter,  and  converts  alcohol  into  acetic  acid.  When 
sharply  heated  in  a  retort,  part  of  the  acid  is  resolved  into  chlorine  and  ozy- 
^n ;  but  another  portion,  acquiring  oxygen  from  that  which  is  decomposed, 
18  converted  into  perchloric  acid,  and  then  passes  over  into  the  receiver  in 
the  form  of  a  dense  colourless  liquid.  (Serullas.)  Chloric  acid  is  easily  de- 
composed by  deoxidizing  agents.  Sulphurous  acid,  ibr  instance,  deprives 
it  of  oxygen,  with  formation  of  sulphuric  acid  and  evolution  of  chlorine.  By 
the  action  of  hydrosulphuric  acid,  water  is  generated,  while  sulphur  and 
chlorine  are  set  free.  The  power  of  hydrochloric  acid  in  effecting  its  decom- 
position has  already  been  explained. 

Chloric  acid  is  readily  known  by  forming  a  salt  with  potassa,  which  crys- 
tallizes  in  tables  and  has  a  pearly  lustre,  deflagrates  like  nitre  when  flung 
on  burning  charcoal,  and  yields  peroxide  of  chlorine  by  the  action  of  concen- 
trated sulphuric  acid.  Chlorate  of  potassa,  like  most  of  the  chlorates,  gives 
off  pure  oxyjpen  when  heated  to  redness,  and  leaves  a  residue  of  chloride  of 
potassium.  By  this  modo  Gay-Lussac  ascertained  the  composition  of  chloric 
acid,  as  stated  in  the  preceding  table.  (An.  de  Chimic,  xci.) 

Perchloric  Acid. — ^The  saline  matter  which  remains  in  the  retort  after 
forming  peroxide  of  chlorine  is  a  mixture  of  perchlorate  and  bisulphate  of 
potassa ;  and  by  washing  it  with  cold  water,  the  bisulphate  is  dissolved,  and 
the  perchlorate  is  lefl.  Ferchloric  acid  may  be  j)repared  from  this  salt  by 
mixing  it  in  n  retort  with  half  its  weight  of  sulphuric  acid,  diluted  with  one- 
third  of  water,  and  applying  heat  to  the  mixture.  At  the  temperature  of 
about  284<^  F.  white  vapours  rise,  which  condense  as  a  colourless  liquid  in 
the  receiver.  This  is  a  solution  of  perchloric  acid. 

The  existence  of  perchloric  acid  was  first  ascertained  by  Count  Stadion, 
who  found  it  to  be  a  compound  of  two  volumes  or  one  equivalent  of  chlo- 
rine and  seven  of  oxygen;  and  this  view  of  its  constitution  has  been  con- 
firmed by  Gay.Lussac,  Serullas,  and  Mitscherlich.  (An.  deCh.  et  de  Ph.  viil. 
ix.  xlvi.  397,  and  xlix.  113.)  According  to  Serullas  it  is  a  very  stable  com- 
pound: it  may  be  heated  with  hydrochloric  or  sulphuric  acid  without 
change,  does  not  set  fire  to  organic  substances,  and  is  not  decomposed  by 
alcohol.  When  concentrated  it  has  a  density  of  1.65,  in  which  state  it  emits 
vapour  when  exposed  to  the  air,  absorbs  hygrometric  moisture  powerfully, 
and  boils  at  392^  F.  By  admixtuj^e  with  strong  sulphuric  acid  and  distilling, 
Serullas  obtained  it  in  the  solid  form,  both  massive  and  in  elongated  prisms. 
It  hisses  when  thrown  into  water,  like  red-hot  iron  when  quenched. 

Of  all  the  salts  of  perchloric  acid,  that  with  potassa  is  the  most  insoluble, 
requiring  65  times  its  weight  of  water  at  60^  for  solution.  This  salt  is 
readily  and  safely  formed  by  adding  chlorate  of  potassa,  well  dried  and  in 
fine  powder,  in  small  portions  at  a  time,  to  an  equal  weight  of  concentrated 
sulphuric  acid,  gently  wanned  in  an  open  vessel.  The  peroxide  of  chlorine 
escapes  without  danger,  and  the  chlorate  is  entirely  converted  into  perchlo- 
rate and  bisulphate  of  potassa,  the. latter  of  which,  being  very  soluble,  is 
easily  removed  by  cold  water.  Serullas  finds  that  chlorate  of  potassa,  when 
decomposed  by  a  low  heat,  is  converted  into  chloride  of  potassium  and  per- 
chlorate  of  potassa ;  but  the  temperature  must  be  carefully  managed,  other- 
wise the  perchlorate  itself  would  be  resolved  into  oxygen  and  chloride  of 
potassium.  The  perchlorate  thus  procured  is  purified  by  solution  in  hot  wa- 
ter and  crystallization.    It  is  distinguished  from  chlorate  of  potassa  by  not 
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aoqniriniir  a  yellow  tint  on  the  addition  of  hydrochloric  acid.  The  primary 
form  of  ita  crystals,  according  to  Mitscherlich,  is  a  right  rhomboidal  prbm 
isomorphoua  with  permanganate  of  potassa. 

Quadrochloride  of  NUrogen. — ^The  elements  of  this  compoond  have  a  fee- 
Ue  mutual  affiug,  and  do  not  unite  when  presented  to  each  other  in  their 
gaseous  form,  llie  condition  which  leads  to  their  union  is  the  decomposi- 
tion of  ammonia  by  chlorine,  during  which  hydrochloric  acid  is  generated 
by  chlorine  combining  with  the  hydrogen  of  ammonia ;  while  the  nitrogen 
of  that  alkali,  in  its  nascent  state,  enters  into  combination  with  another  por- 
tion  of  chlorine.  A  convenient  mode  of  preparing  the  quadrochloride  of  ni* 
trofren  is  the  following.  An  ounce  of  hydrochlorate  of  ammonia  is  dissolved 
in  12  or  16  ounces  of  hot  water;  and  when  the  solution  hss  cooled  to  the 
temperature  of  90°,  a  glass  bottle  with  a  wide  mouth,  full  of  chlorine,  is  in- 
▼erted  in  it  The  solution  gradually  absorbs  the  chlorine,  and  acquires  a  yel- 
low colour ;  and  in  about  20  minutes  globules  of  a  yellow  fluid  are  seen 
floating  like  oil  upon  its  surface,  which,  ailer  acquiring  the  size  of  a  small 
pea,  sink  to  the  bottom  of  the  liquid.  The  drops  of  the  chloride,  as  they  de- 
scend, should  be  collected  in  a  small  saucer  of  lead,  placed  for  that  purpose 
under  the  mouth  of  the  bottle. 

Quadrochloride  of  nitrogen,  discovered  in  1811  by  Dulong,  (An.  de  Ch. 
Izxxvi.)  is  one  of  the  most  explosive  compounds  yet  known,  having  been  the 
cause  of  serious  accidents  both  to  its  discoverer  and  to  Davy.  (Phil.  Trans. 
1813.)  Its  specific  gravity  is  1.653.  It  does  not  congeal  in  the  intense  cold 
produced  by  a  mixture  of  snow  and  salt  It  may  be  distilled  at  16(P ;  but  at 
a  temp^ture  between  200°  and  212°  it  explodes.  It  appears  from  the  in- 
vestigation  of  Messrs.  Porrett,  Wilson,  and  Kirk,  that  its  mere  contact  with 
some  substances  of  a  combustible  nature  causes  detonation  even  at  common 
temperatures.  This  result  ensues  particularly  with  oils,  both  volatile  and 
Bxed.  I  have  never  known  olive  oil  fail  in  producing  the  effect.  The  pro- 
ducts of  the  explosion  are  chlorine  and  nitrogen.  (Nicholson*!  Journal 
xxxiv.) 

Sir  H.  Davy  analyzed  chloride  of  nitrogen  by  means  uf  mercury,  which 
unites  with  chlorine,  and  liberates  the  nitrogen.  He  inferred  from  his  ana- 
lysis that  its  elements  are  united  in  the  proportion  of  four  measures  of  chlo- 
rine to  one  of  nitrogen ;  and  it  hence  follows  that,  by  weight,  it  consists  of 
four  equivalents  of  chlorine,  and  one  equivalent  of  nitrogen.* 

PercMoride  of  Carbon. — ^The  discovery  of  this  compound  is  due  to  Mr. 
Faraday.  When  defiant  gas  (a  compound  of  carbon  and  hydrogen)  is  mixed 
with  chlorine,  combination  takes  place  between  them,  and  an  oil-like  liquid 
is  preneraied,  which  consists  of  chlorine,  carbon,  and  hydrogen.  On  exposing 
this  Uquid  in  a  vessel  fuU  of  chlorine  gas  to  the  direct  solar  rays,  the  chlo- 
rine acts  upon  and  decomposes  the  liquid,  hydrochloric  acid  is  set  free,  and 
the  carbon,  at  the  moment  of  separation,  unites  with  the  chlorine.  (Phil. 
Trans.  1821.) 

Perchioride  of  carbon  is  solid  at  common  temperatures,  has  an  aromatic 
odour  approaching  to  that  of  camphor,  is  a  non-conductor  of  electricity,  and 
refracts  light  very  powerfully.  Its  specific  gravity  is  exactly  double  that  of 
water.  It  fuses  at  j20°,  and  afler  fusion  it  is  colourless  and  very  trans^. 
rent  It  boils  at  360°,  and  may  be  distilled  without  change,  assuming  a  crys- 
talline arrangement  as  it  condenses.  It  is  sparingrly  soluble  in  water,  but 
dissolves  in  dcohol  and  ether,  especially  by  the  aid  of  heat  It  u  soluble 
also  in  fixed  and  volatile  oils. 

Perchioride  of  carbon  burns  with  a  red  light  when  held  in  the  flame  of  a 
spirit-lamp,  giving  out  acid  vapours  and  smoke ;  but  the  combustion  ceases 

*  Berzelius  states  the  composition  of  this  compound  to  be  three  volumes 
of  chlorine  to  one  of  nitrogen,  corresponding  to  three  equivalents  of  the  fi)r- 
mer  to  one  of  the  latter.  These  proportions,  if  found  to  be  correct,  will  ren* 
der  the  chloride  and  iodide  of  nitrogen  analogous  in  composition^— £(f. 
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u  800D  as  it  is  withdrawn.  It  burns  vividly  in  oxygen  gas.  Alkalies  do  not 
act  upon  it;  nor  is  it  changed  by  the  stronger  acids,  such  as  the  hydroc|ilo> 
ric,  nitric,  or  sulphuric  acids,  even  with  t)ie  aid  of  heat  When  its  vapour, 
mixed  with  hydrogen,  is  transmitted  through  a  red-hot  tube,  charcoal  is  se- 
parated, and  hydrochloric  acid  gas  evolved.  On  passing  its  vapour  over  the 
peroxides  of  metals,  such  as  that  of  mercury  and  copper,  heated  to  redness, 
a  chloride  of  the  metal  and  carbonic  acid  are  generated.  Protoxides,  under 
the  same  treatment,  yield  carbonic  oxide  gas  and  metallic  chlorides.  Most 
of  the  metals  decompose  it  also  at  the  temperature  of  ignition,  uniting  with 
its  chlorine,  and  causing  deposition  of  charcoal. 

The  composition  of  the  perchloride  of  carbon  was  inferred  by  Mr.  Farm- 
day  from  the  proportions  of  chlorine  and  <^efiant  gas  employed  in  its  pro- 
duction, and  from  the  quantity  of  chloride  of  copper  and  carbonic  acid 
generated  when  its  vapour  was  transmitted  over  oxide  of  copper  at  a 
red  heat. 

^  Chloride  of  Carbon, — ^This  compound,  so  called  to  indicate  the  ratio  of 
its  elements,  is  formed  by  boiling  chloral  with  a  solution  of  poCassa,  lime,  or 
baryta ;  and  was  discovered  by  Liebig.  The  elements  which  appear  to  re- 
act on  each  other  are,  two  eq.  of  chloral  or  2(9C  +  6C1  +  40),  two  eq.  of 
potassa  or  2(K-f-0),  and  five  eq.  of  water  or  5fi;  and  the  products  are  two 
eq.  of  the  chloride  of  carbon  or  2(4C+5C1),  two  eq.  of  chloride  of  potas- 
sium or  2(K4-CI),  and  five  eq.  of  formic  acid  or  5(2C+ft).  The  ibrmic 
acid  of  oourse  unites  with  potadsa,  and  the  chloride  of  carbon,  being  volatile, 
passes  off  in  vapour.  Aflcr  condensation  it  is  washed  repeatedly  with  pure 
water,  and  obtained  quite  dry  by  admixture  with  strong  sulphuric  acid,  and 
distillation  at  212^  F.  It  may  also  be  more  conveniently  prepared  by  dis- 
tilling, from  a  capacious  retort,  a  mixture  of  one  pound  of  chloride  of  lime, 
three  pounds  of  water,  and  two  or  three  ounces  either  of  alcohol  or  pyro- 
acetic  spirit 

This  chloride  is  a  limpid,  colourless  liquid,  similar  in  odour  and  appear- 
ance to  the  oily  fluid  which  chlorine  forms  with  olefiant  gas  ,*  though  in 
density,  volatility,  and  composition,  it  is  quite  different  Its  density  is  1.48, 
and  it  boils  at  141°  F.  It  is  but  feebly  combustible,  and  is  not  changed  at 
moderate  temperatures  either  by  acids  or  alkalies. 

It  is  freely  dissolved  by  alcohol  and  ether,  and  is  precipitated  from  them 
by  water,  in  which  it  i»  quite  insoluble.  It  may  be  distilled  in  contact  with 
potassium  witliout  change.  When  its  vapour  is  transmitted  over  metallic 
copper,  charcoal  is  deposited,  no  gas  whatever  appears,  and  a  metallic  chlo- 
ride is  formed.  Its  composition  was  inferred  from  tlie  quantity  of  chloride 
of  copper  and  carbonic  acid  which  were  produced,  when  its  vapour  was 
transmitted  over  oxide  of  copper  at  a  red  heat  (An.  de  Ch.  et  de  Ph.  xlix. 
146.) 

Protochloride  of  Carbon. — When  the  vapour  of  the  perchloride  is  passed 
through  a  red-hot  glass  or  porcelain  tubs,  filled  with  fragments  of  rock 
crystal  to  increase  the  quantity  of  heated  surface,  partial  decomposition 
occurs,  chlorine  gas  escapes,  and  a  vapour  which,  analyzed  by  Mr.  Faraday 
by  means  of  oxide  of  copper,  proved  to  be  protochloride  of  carbon.  At 
common  temperatures  it  is  a  limpid  colourless  liquid,  which  has  a  density  of 
1.5526,  does  not  congeal  at  0°  F.,  and  at  160°  or  170°  is  converted  into  va- 
pour. It  may  be  distilled  repeatedly  without  change;  but  when  exposed  to 
a  red  heat,  some  of  it  is  resolved  into  its  elements.  In  its  chemical  rela- 
tions it  is  very  analogous  to  perchloride  of  carbon. 

Dichloride  of  Carbon. — ^The  only  sample  of  this  substance  yet  obtained 
was  brought  from  Sweden  by  M.  Julin,  and  is  said  to  have  been  formed 
during  the  distillation  of  nitric  acid  from  crude  nitre  and  sulphate  of  iron. 
It  occurs  in  small,  soft,  adhesive  fibres  of  a  white  colour,  which  have  a 
peculiar  odour,  somewhat  resembling  spermaceti.  It  fuses  on  the  applica- 
tion of  heat,  and  boils  at  a  temperature  between  350^  and  450^  F.  At  250^ 
it  sublimes  slowly,  and  condenaes  again  in  the  form  of  long  needles.     It 


CHLORINE.  221 

is  ixuolnble  in  water,  acids,  and  alkalies;  but  is  dissolved  by  hot  oil  of 
turpentine  or  by  alcohol,  and  forms  acicnlar  crystals  as  the  solution  cools. 
It  burns  with  a  red  flame,  emitting  much  smoke,  and  fumes  of  hydrochloric 
acid  gas. 

The  nature  of  this  substance  is  shown  by  the  following  circumstances. 
When  its  vapour  is  exposed  to  a  red  heat,  evolution  of  chlorine  gas  ensues, 
and  charcoal  is  deposited.  A  similar  deposition  of  charcoal  is  produced  by 
heating  it  with  phosphorus,  iron,  or  tin ;  and  a  chloride  is  formed  at  the 
same  tim^.  Potassium  burns  vividly  in  its  vapour  with  formation  of  chlo- 
ride of  potassium  and  separation  of  charcoal.  On  detonating  admixture  of 
its  vapour  with  oxygen  gas  over  mercury,  a  chloride  of  that  metal  and  car- 
bonic acid  are  generate.  By  these  means  Messrs.  Phillips  and  Faraday 
ascertained  its  composition  as  given  at  page  212.  (An.  of  Phil,  xviii.  150.) 

Diehloride  of  &tlphur. — This  compound  was  discovered  in  the  year  1804 
by  Dr.  Thomson,*  and  was  afWrwards  examined  by  BertholIet.t  It  is 
most  conveniently  prepared  by  passing  a  current  of  chlorine  gas  over  flowers 
of  sulphur  gently  heated,,  until  nearly  all  the  sulphur  disappears.  Direct 
combination  ensues,  and  the  product,  distilled  off  &om  uncombined  sulphur, 
is  obtained  under  the  form  of  a  liquid  which  appears  red  by  reflected,  and 
yeUowish-green  by  transmitted  light.  Its  density  is  1.687.  It  is  volatile 
below  200<>,  boils  at  280^,  yieMing  vapour  which  has  a  density  of  4.70,  and 
condenses  again  without  change  in  cooling.  When  exposed  to  the  air  it 
emits  acrid  nimes,  which  irritate  the  eyes  powerfully,  and  have  an  odour 
somewhat  resembling  sea-weed,  but  much  stronger.  Dry  litmus  paper  is 
not  reddened  by  it,  nor  does  it  unite  with  alkalies.  It  acts  with  energy  on 
water: — ^mutud  decomposition  ensues,  with  formation  of  hydrochloric  and 
hyposnlpburons  acids,  and  deposite  of  sulphur,  by  which  the  water  is  ren* 
dered  cloudy.  From  a  recent  analysis  by  Rose  it  consists  of  35.42  parts  or 
one  equivalent  of  chlorine,  and  32i2  parts  or  two  eq.  of  sulphur.  (Pog. 
Annalen  xzi.  431.) 

Rose  maintains  that  the  preceding  is  the  only  chloride  of  sulphur,  arguing 
that  the  chloride  analyzed  by  Davy  was  merely  diehloride  of  sulphur  hold- 
ing chlorine  in  solution.  Dumas,  on  the  other  hand,  contends,  that  when 
sulphur  is  acted  on  by  excess  of  chlorine,  a  chloride  of  sulphur  is  really 
obtained,  which  is  apt  to  retain  traces  of  the  diehloride,  and  can  only  be 
purified  by  repeated  distillation  at  about  UOP  F.  This  chloride  is  a  liquid 
of  a  deep  reddisfa-brown  tint,  and  has  a  density  of  1.62.  It  boils  at  147^', 
and  the  density  of  its  vapour  is  between  3.67  and  3.70.  By  decomposition 
in  water,  it  should  yield  hydrochloric  and  hyposulphurous  acids.  (An.  de  Ch. 
et  de  Ph.  xlix.  205.) 

Perchloride  of  Phd9phoru84 — ^There  are  two  definite  compounds  of  chlo- 
rine and  phosphorus,  the  nature  of  which  was  first  satisfactorily  explained 
by  Davy.  (Elements,  p.  290.)  When  phosphorus  is  introduced  into  a  jar  of 
dry  chlorine,  it  inflames,  and  on  the  inside  of  tho  vessel  a  white  matter  col- 
lects, which  is  perchioride  of  phosphorus*  It  is  very  volatile,  a  temperature 
much  below  212°  being  sufficient  to  convert  it  into  vapour.  Under  pressure 
it  may  be  fused,  and  it  yields  transparent  prismatic  crystals  in  cooling. 

Water  and  perchloride  of  phosphorus  mutually  decompose  each  other ; 
and  the  sole  products  are  hydrochloric  and  phosphoric  acids.  Now  in  order 
that  these  products  should  bo  formed,  consistently  with  the  constitution  of 
phosphoric  acid,  as  stated  at  page  200,  the  perchloride  most  consist  of  314 
parts  or  two  equivalents  of  phosphorus,  and  177.1  parts  or  five  eq.  of  chlo- 
rine. One  equivalent  of  the  chloride  and  five  eq.  of  water  will  then  mutu- 
ally decompose  each  other  without  any  element  being  in  excess,  and  yield 
one  eq.  of  phosphoric,  and  five  eq.  of  hydrochloric  acid.  This  proportion  is 
not  fiir  from  the  truth;  for  aocording  to  Davy,  one  grain  of  phosphorus  is 
united  in  the  perohloride  with  six  or  ohkrine. 
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Sesquichloride  of  Phosphorus  may  be  made  either  by  heating  the  perchlo- 
ride  wilh  phosphorus,  of  by  passing  the  vapour  of  phosphoriu  over  corroaivo 
sublimate  contained  in  a  glass  tube.  It  is  a  clear  liquid  like  water,  of 
specific  gravity  1.45;  emits  acid  fumes  when  exposed  to  the  air,  owing  to 
the  decomposition  of  watery  vapour ;  but  when  pure  it  does  not  redden  dry 
litmus  paper.  On  mixing  it  with  water,  mutual  decomposition  ensues,  heat 
is  evolved,  and  a  solution  of  hydrochloric  and  phosphorous  acids  is  obtained. 
It  hence  appears  to  consist  of  31.4  parts  or  two  equivalents  of  phosphorus, 
and  106.26  parts  or  three  eq.  of  chlorine. 

When  hydrosulphuric  acid  gas  is  transmitted  through  a  vessel  oootaining 
perchloridc  of  phosphorus,  hydrochloric  acid  is  disengaged,  and  a  liqoid 
produced  which,  according  to  Serullas,  is  a  compound  of  three  equivalents 
of  chlorine,  one  of  phosphorus,  and  one  of  sulphur.  (An.  de  Ch.  et  de  Ph. 
xlii.  25.) 

Chhrocarbonic  Acid  Bat. — ^This  compound  was  discovered  in  181Q  by 
Dr.  Davy,  who  described  it  in  the  Philosophical  Transactions  for  that  year 
under  the  name  of  phosgene  gas,  (From  ^»c  light,  and  yntuf  to  produce.) 
It  is  made  by  exposing  a  mixture  of  equal  measures  of  dry  chlorine  and 
carbonic  oxide  gases  to  sunshine,  when  rapid  but  silent  oombmation  ensues, 
and  they  contract  to  one-half  their  volume.  Diffused  daylight  also  efib:ts 
their  union  slowly;  but  they  do  not  combine  at  all  when  the  mixture  i« 
wholly  excluded  from  light 

Chlorocarbonic  acid  gas  is  colourless,  has  a  strong  odour,  and  reddens 
dry  litmus  paper.  It  combines  with  four  times  its  volume  of  ammoniacal 
gas,  forming  a  white  solid  salt;  so  that  it  possesses  the  characteristic  pro- 
perty of  acids.  It  is  decomposed  by  contact  with  water.  One  equivalent 
of  each  compound  undergoes  decomposition ;  and  as  the  hydrogen  of  the 
water  unites  with  chlorine,  and  its  oxygen  with  carbonic  oxide,  ti^  prodocts 
are  carbonic  and  hydrochloric  acids.  When  tin  is  heated  in  this  gas,  chlo- 
ride of  tin  is  generated,  and  carbonic  oxide  gas  set  free,  which  occuptea  ex- 
actly the  same  space  as  the  chlorocarbonic  acid  which  was  employed.  A 
similar  change  occurs  when  it  is  heated  in  contact  with  antimony,  zinc,  or 
arsenic. 

As  chlorocarbonic  acid  gas  contains  its  own  volnme  of  each  of  its  consti. 
tuenii,  it  follows  that  lUO  cubic  inches  of  that  gas  at  the  standard  tempera- 
ture and  pressure  must  weigh  106.7638  grains;  namely,  76.5988  of  chlorine 
added  to  30.1650  of  carbonic  oxide.  Its  specific  gravity  is,  therefore,  3.4427, 
and  it  consists  of  35.42  parts  or  one  equivalent  of  chlorine,  and  14.12  parts 
or  one  equivalent  of  carbonic  oxide. 

Chloral. — This  name,  derived  from  the  first  syllable  of  the  words  chlorine 
and  alcohol,  has  been  applied  by  Liebig  to  a  new  compound  of  chlorine,  car- 
bon, and  oxygen,  prepared  by  the  mutual  action  of  alcohol  and  clilorine. 
The  production  of  the  new  substance  more  immediately  depends  on  (be 
union  of  one  portion  of  chlorine  with  the  hydrogen  both  o£  the  (defiant  gas 
and  some  of  the  water  which  constitute  alcohol,  while  the  corresponding  car- 
bon  and  oxygen  unite  with  another  portion  of  chlorine.  A  very  large  quan- 
tity of  chlorine  is,  therefore,  required  for  its  production,  and  a  large  quantity 
of  hydrochloric  acid  is  generated.  When  chlorine  is  transmitted  through 
common  alcohol,  tlie  chloral  at  first  formed  is  retained  in  solution  by  the 
water  of  the  alcohol;  but  when  the  liquid  becomes  charged  with  hydrochlo- 
ric  acid,  tlic  chloral  insoluble  in  that  solution  subsides  as  a  liquid  of  an  oily 
aspect  The  method  recommended  by  Liebig  is  to  transmit  dry  chlorine  gas 
into  absolute  alcohol.  At  first  the  alcohol  should  be  artificially  cooled,  since 
otherwise  the  action  is  attended  wilh  flame;  but  as  soon  as  hydrochloric 
acid  begins  to  accumulate,  it  is  necessary  to  expel  it  bj  a  continued  gentle 
heat,  since  its  presence  protects  the  alcohol  from  deoompoeition,  and  there- 
by prevents  the  absorption  of  the  •hiorine.  By  acting  in  this  manner  for 
several  successive  days,  Liebig  succeeded  in  decomposing  eight  ounces  of 
absolute  alcohol,  and  obtained  a  liquid  of  syrupy  consistence,  which  afler  a 
few  days  beoame  a  soft  white  crystalline  solid.    In  (iiU  state  the  ofaloral  is 
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united  with  water  as  a  hydrate  of  unknown  compoaition,  and  also  contains 
traces  of  undecom posed  alcohol  and  hydrochloric  acid.  Oi\  agitation  with 
strong  sulphuric  acid,  it  is  rendered  anhydrous,  and  rises  as  a  liquid  to  tiie 
Burfiioe ;  and  by  distillation  from  unslaked  lime  or  barjrta,  it  is  entirely  sepa- 
rated from  hydrochloric  acid. 

Pure  chloral  is  a  colourless  transparent  liquid  of  a  penetrating*  pungent 
odour,  is  oily  to  the  touch,  and  has  a  density  of  1.502.  It  is  nearly  tasteless, 
or  at  raost  oily.  It  boils  at  201^,  and  may  bo  distilled  without  changfc.  In 
water,  with  the  aid  of  gentle  heat,  it  is  freely  dissoWed  without  decomposi- 
tioD.  Agitated  with  a  few  drops  of  water,  it  forms  a  white  crystalline  mass 
which  appears  to  be  a  hydrate,  though  its  composition  is  unknown;  for 
when  put  into  water,  the  <mloral  appears  oily  as  usual,  and  by  heat  a  solu- 
tion having  the  characteristic  odour  and  character  of  chloral  is  obtained. 
On  keeping  this  crystalline  hydrate  for  a  few  days,  it  becomes  a  very  white 
flocculent  matter,  which  is  quite  insoluble  in  water.  From  the  ratio  of  its 
ingredients  Liebig  regards  it  also  as  a  hydrate,  formed  of  two  equivalents  of 
water  to  one  of  cnloru. 

Chloral  unites  with  iodine,  bromine,  and  sulphur.  It  may  be  distilled  from 
the  anhydrous  metallic  oxides  without  change;  but  when  its  vapour  is 
transmitted  over  anhydrous  baryta,  strontia,  or  lime,  heated  to  212^,  instant 
decomposition  ensues  and  the  earth  becomes  incandescent.  Carbonic  oxide 
gas  escapes  at  the  same  time,  and  a  metal]^  chloride,  intermixed  with  a 
light  charcoal,  is  generated.  Similar  products  are  obtained,  but  of  course 
more  charcoal,  when  the  vapour  of  chloral  is  transiditted  over  iron  or  copb 
per  at  a  red  heat.  Chloral  is  readily  decomposed  by  the  slkalies  or  alkaline 
earths  in  the  state  of  hydrates  or  when  dissolved  in  water,  giving  rise  to  a 
chloride  of  carbon,  as  already  described.  (An.  de.  Ch.  et  dc  Ph.  xlix.  146.)   ^ 

Terehknide  of  Baron^ — Sir  H.  Davy  noticed  that  recently  prepared  boron 
takes  fire  spontaneously  in  an  atmosphere  of  chlorine,  and  emits  a  vivid 
light ;  but  he  did  not  examine  the  product  Berzelius  remarked,  that  if  the 
boron  has  been  previously  heated,  whereby  it  is  rendered  more  compact,  the 
oombustlon  docs  not  take  place  till  heat  is  applied.  This  observation  ted  him 
to  expose  boron,  thus  rendered  dense,  in  a  glass  tube  to  a  current  of  dry 
chlorine;  and  to  heat  it  gently  as  soon  as  the  atmospheric  air  was  com. 
pletely  expelled,  in  order  to  commence  the  combustion.  The  resulting  com- 
pound  proved  to  be  a  colourless  gas;  and  on  collecting  it  over  mercury, 
which  absorbed  free  chlorine,  he  procured  the  chloride  of  boron  in  a  state  of 
purity.  This  gas  is  rapidly  absorbed  by  water ;  but  double  decomposition 
takes  place  at  the  same  instant,  giving  rise  to  hydrochloric  and  bosacic 
acids  as  the  sole  products :  from  this  fact  is  inferred  the  composition  of  the 
chloride  as  stated  at  page  212 ;  for  one  eq.  of  terchloride  of  boron  or  B  -f-  3CI, 
and  three  eq.  of  water  or  3  (H-f-O),  correspond  to  one  cq.  of  boracic  acid  or 
B-f  30,  and  three  eq.  of  hydrochloric  acid  or  3(H4.C1).  The  watery  va- 
pour of  the  atmosphere  occasions  a  similar  change ;  so  that  when  the  gas  is 
mixed  with  air  containing  hygrometric  moisture,  a  dense  whije  cloud  is 
produced.  The  specific  gravity  of  the  gas,  accordingr  to  Dumas,  is  3.942.  It 
is  soluble  in  alcohol,  and  communicates  to  it  an  ctncreal  odour,  apparently 
by  the  action  of  hydrochloric  acid.  It  unites  with  ommoniaciil  gas,  forming 
a  fluid  volatile  substance,  the  nature  of  which  is  unknown. — (Annals  of 
Phil.  xxvi.  129.) 

Dumas  finds  that  chloride  of  boron  may  be  generated  by  the  action  of 
dry  chlorine  on  a  mixture  of  charcoal  and  boracic  acid,  heated  to  redness 
in  a  porcelain  tube.  Dcsprctz  also  appears  to  have  invented  a  similar  pro- 
cess. (Philos.  Magazine  and  Annals,  i.  469.) 

Chioro-mtTouB  Oas. — When  fused  chloride  of  sodium,  potassium,  or  cal- 
einm,  in  powder,  is  treated  with  as  much  strong  nitric  acid  as  is  sufficient 
to  wet  it,  mutual  decomposition  ensues,  and  a  new  gas,  composed  of  chlo- 
rine and  binoxide  of  nitrogen,  is  generated.  Its  discoverer,  Mr.  E.  Davv»  de- 
tcribes  it  as  a  gas  of  a  pale  reddish-yellow  colour,  of  an  odour  similar  to 
Ihftt  of  ohlorine,  though  less  pungent,  and  possessed  of  bleachmg  properUes. 
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It  fames  on  expoeure  to  the  air,  and  ii  freely  absorbed  by  water.  It  is  de- 
compofled  by  sulphur,  phosphorus,  mercury,  and  most  metals,  and  by  sub- 
stances in  general  which  have  an  affinity  for  chlorine.  It  consists,  accordin|f 
to  Mr.  Davy,  of  equal  volumes  of  chlorme  and  binoxide  of  nitrogen,  onited 
wifliout  any  condensation. 

In  the  mutual  decomposition  of  chloride  of  sodium  and  nitric  acid,  the 
OToductB  appear  to  be  chloro-nitrous  and  chlorine  gases,  and  nitrate  of  soda. 
Their  formation  must  obviously  depend  on  sodium  being  oxidized  at  the  ex- 
pense of  nitric  acid;  while  part  of  the  chlorine  unites,  at  the  moment  of  se- 
paration from  the  sodium,  with  binoxide  of  nitroren.  (Phil.  Mag.  ix.  355.) 
Theoretically,  it  should  be  mixed  with  twice  its  volume  of  chlorine,  the  pre- 
sence of  whidi  must  materially  obscure  the  properties  of  the  new  gas. 

ON  THE  NATURE  OF  CHLORINE. 

The  change  of  opinion  which  has  gradually  taken  place  among  chemists 
concerning  Die  nature  of  chlorine,  is  a  remarkable  fact  in  the  history  of  the 
science.  The  hypothesis  of  Berthollet,  unfounded  as  it  is,  prevailed  at  one 
time  universaUy.  It  explained  phenomena  so  satisfactorily,  and  in  a  manner 
so  consistent  with  the  received  chemical  doctrine,  that  for  some  years  no 
one  thouglit  of  calling  its  correctness  into  question.  A  singular  reverse, 
however,  has  taken  place;  and  this  hypothesis,  though  it  has  not  hitherto 
been  rigidly  demonstrated  to  be  erroneous,  has  within  a  short  period  been 

generally  abandoned,  even  by  persons  who,  from  having  adopted  it  in  early 
fe,  were  prejudiced  in  its  favour.  The  reason  of  this  will  readily  app^  on 
comparing  it  with  the  opposite  theory,  and  examining  the  evidence  in  fa- 
vour  of  each. 

Chlorine,  according  to  the  new  theory,  is  maintained  to  be  a  simple  body, 
because,  like  oxygen,  hydrogen,  and  other  analogous  substances,  it  cannot 
be  resolved  into  more  simple  parts.  It  does  not  indeed  follow  that  a  body  is 
simple,  because  it  has  not  hitherto  been  decomposed ;  but  as  chemists  have 
no  other  mode  of  estimating  tlie  elementary  nature  of  bodies,  they  must 
necessarily  adopt  this  one,  or  have  none  at  all.  Hydrochloric  acid,  by  the 
same  rule,  is  considered  to  be  a  compound  of  chlorine  and  hydrogen.  For 
when  exposed  to  the  agency  of  galvanism,  it  is  resolved  into  Uiese  sub- 
stances ;  and  by  mixing  the  two  gases  in  due  proportion,  and  passing  au 
electric  spark  through  the  mixture,  hydrochloric  acid  gas  is  the  product. 
Chemists  have  no  other  kind  of'proof  of  the  composition  of  water,  of  potassa, 
or  of  any  other  compound. 

Very  different  is  the  evidence  in  support  of  the  theory  of  Berthollet. 
According  to  that  view,  hydrochloric  acid  gas  is  composed  of  abacluU  mu- 
riatic cKid  and  water  or  its  elements ;  chlorine  consists  of  absolute  muriatic 
acid  and  oxygen ;  and  absolute  muriatic  acid  is  a  compound  of  a  certain 
unknown  base  and  oxygen  gas.  Now  all  these  propositions  are  gratuitous. 
For,  in  the  first  place,  hydrochloric  acid  gas  has  not  been  proved  to  contain 
water.  Secondly,  the  assertion  that  chlorine  contains  oxygen  is  opposed  to 
direct  experiment,  the  most  powerful  deoxidizing  agents  having  been  unable 
■  to  elicit  from  that  gas  a  particle  of  oxygen.  Thirdly,  the  existence  of  such  a 
substance  as  absolute  muriatic  acid  is  wholly  without  p|oof,  and,  therefore, 
its  supposed  base  is  also  imaginary. 

But  this  is  not  the  only  weak  point  of  the  doctrine.  Since  chlorine  is  ad- 
mitted by  this  theory  to  contain  oxygen,  it  was  necessary  to  explain  how  it 
happens  that  no  oxygen  can  be  separated  from  it  For  instance,  on  exposing 
chlorine  to  a  powerful  galvanic  battery,  oxygen  gas  does  not  appear  at  the 
positive  pole,  as  occurs  when  other  oxidized  bodies  are  subjected  to  its  ac- 
tion ;  nor  is  carbonic  acid  or  carbonic  oxide  evolved,  when  chlorine  is  oon^ 
ducted  over  ignited  charcoal.  To  account  for  the  oxygen  not  appearing 
under  these  circumstances,  it  was  assumed  that  absotuU  muriatic  acid  is 
unable  to  exist  in  an  uncombined  state,  and,  therefi>re,  cannot  be  separated 
from  one  substance  except  by  uniting  with  another.    This  supposition  wwi 
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thought  to  be  supported  by  the  analogy  of  certain  compounds,  such  as  nitric 
and  oxalic  acids,  which  appear  to  be  incapable  of  existing  except  when  com- 
bined with  water  or  some  other  substance.  The  analogy,  however,  is  incom- 
plete ,*  for  the  decomposition  of  such  compounds,  when  an  attempt  is  made 
to  procure  them  in  an  insulated  state,  is  manifestly  owing  to  the  tendency  of 
tlieir  elements  to  enter  into  new  combinations. 

Admitting  the  various  assumptions  which  have  been  stated,  most  of  the 
phenomena  receive  as  consistent  an  explanation  by  the  old  as  by  the  new 
theory.  Thus,  when  hydrochloric  acid  gas  is  resolved  by  galvanisnx  into 
chlorine  and  hydrogen,  it  may  be  supposed  that  absolvte  mnriatie  acid 
attaches  itself  to  the  oxygen  of  the  water,  and  forms  chlorine ;  while  the 
hydrogen  of  tlie  water  goes  to  the  opposite  pole  of  the  battery.  When 
chlorine  and  hydro|ren  enter  into  combination,  the  oxygen  of  the  former 
may  be  said  to  unite  with  tite  latter ;  and  that  hydrochloric  acid  gas  is 
generated  by  the  water  so  formed  combining  with  the  ahsdtde  muriatie 
acid  of  the  chlorine.  The  evolution  of  chlorine,  which  ensues  on  mixing 
hydrochloric  acid  and  peroxide  of  manganese,  is  explained  on  the  supposi- 
tion that  abtoltUe  muriatic  acid  unites  directly  with  the  oxygen  dfthe  black 
oxide  of  manganese. 

It  will  not  be  difficult,  after  these  observations,  to  account  fbr  the  prefbr- 
ence  shown  to  the  new  theory.  In  an  exact  science,  such  as  chemistry, 
every  step  of  which  is  required  to  be  matter  of  demonstratioI^  there  is 
no  room  to  hesitate  between  two  modes  of  reasoning,  one  of  which  is 
hypothetical,  and  the  other  founded  on  experiment.  Nor  is  there,  in  the 
present  instance,  temptation  to  deviate  from  the  strict  logic  of  the  science ; 
for  there  is  not  a  single  phenomenon  which  may  not  be  fully  explained  on 
the  new  theory,  in  a  manner  quits  consistent  with  the  laws  or  chemical 
action  in  general. 

It  was  supposed,  indeed,  at  one  time,  that  the  sudden  decomposition  of 
water,  ocscasioned  by  the  action  of  that  liquid  on  the  compounds  of  chlorine 
with  some  simple  substances,  constitntes  a  real  objection  to  the  doctrine ; 
but  it  will  afterwards  appear,  that  the  acquisition  of'^new  facts  has  deprived 
this  argument  of  all  its  force.  While  nothing,  therefore,  can  be  gained, 
much  may  be  lost  by  adopting  the  doctrine  of  BerthoUet  If  chlorine  is 
regarded  as  a  compound  body,  the  same  opinion,  though  in  direct  opposition 
to  the  result  of  observation,  ought  to  be  extended  to  iodine  and  bromine ; 
and  as  other  analogous  substances  may  hereafter  be  discovered,  in  regard  to 
which  a  similar  hypothesis  will  apply,  it  is  obvious  that  this  view,  if  proper 
in  one  case,  may  legitimately  be  extended  to  otliers.  One  encroachment  on 
the  method  of  strict  induction  would  consequently  open  the  way  to  another, 
and  thus  the  genius  of  the  science  would  eventually  be  destroyed. 

An  able  attempt  was  made  some  years  ago  by  the  late  Dr.  Murray,  to 
demonstrate  the  presence  of  water  or  its  elements  as  a  constituent  part^  of 
hydrochloric  acid  gas,  and  thus  to  establish  the  old  theory  to  the  subversion 
of  the  new.  The  arguments  which  housed,  though  plausible  and  ingenious, 
were  successfully  combated  by  Sir  H.  and  Dr.  Davy.  The  only  experiment 
which  strictly  bears  upon  the  question, — that,  namely,  where  hydrochloric 
acid  and  ammoniacal  gases  were  mixed  together,  goes  far  to  demonstrate 
the  absence  of  combined  water  in  hydrochloric  acid  gas,  and  thereby  to 
establish  the  views  of  Davy.* 


*  In  Nicholson^B  Journal,  vols.  xxxi.  xxxii.  ai)d  zxxiv.    Edinburgh  Philos. 
Trans.  voL  viii.  and  Philos.  Trans,  for  1818. 
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SECTION  XII. 

IODINE. 

Iodine  was  discovered  in  the  year  1812  by  M.  Courtois,  a  manufacturer 
of  salt-petre  at  Paris.  In  preparing  carbonate  of  soda  from  the  ashes  of 
sea-weeds,  he  observed  that  the  residual  liquor  corroded  metallic  vesaels 
powerfully ;  and  on  investigating  the  cause  of  the  corrosion,  he  noticed  that 
sulphuric  acid  threw  down  a  dark-coloured  matter,  which  was  converted  by 
the  application  of  heat  into  a  beautiful  violet  vapour.  Struck  with  its 
appearance,  he  gave  some  of  the  substance  to  M.  Clement,  who  reco^zed 
it  as  a  new  body,  and  in  1813  described  some  of  its  leading  properties  in  the 
Royal  Institute  of  France.  Its  real  nature  was  soon  a£r  determined  b^ 
Gray-Lussac  and  Davy,  each  of  whom  proved  that  it  is  a  simple  noa-metaUic 
substance,  exceedingly  analogous  to  chlorine.* 

Iodine  is  frequently  met  with  in  nature  in  combinaUon  with  potassinm 
or  sodium.  Under  this  form  it  occurs  in  many  salt  and  other  mineral 
springs,  both  in  England  and  on  the  continent  It  has  been  detected  in  the 
water  of  the  Mediterranean,  in  the  oyster  and  some  other  marine  moUoscoas 
animals,  in  sponges,  and  in  most  kinds  of  sea-weed.  In  some  of  these  pro- 
ductions, such  as  the  Fucus  serratus  and  Fucus  digitatu*^  it  exists  r«idy 
formed,  and  according  to  Dr.  Fyfe  (Eldin.  Pbilos.  Journal,  i.  254.)  may  he 
separated  by  the  action  of  water ;  but  in  others  it  can  be  detected  only  after 
incineration.  Marine  animals  and  plants  doubtless  derive  from  the  sea  the 
iodine  which  they  contain.  Vauquelin  found  it  also  in  the  mineral  kingdom, 
in  combination  with  silver.  (An.  de  Ch.  et  de  Ph.  xxix.) 

All  the  iodine  of  conmierce  is  procured  from  the  impure  carbonate  of 
soda,  called  kelp,  which  is  prepared  in  large  quantity  on  the  northern  shores 
of  Scotland,  by  incinerating  sea-weeds.  The  kelp  is  employed  by  soap- 
makers,  for  the  preparation  of  carbonate  of  soda ;  and  the  dark  residual 
liquor,  remaining  after  that  salt  has  cr}rstallized,  contains  a  considerable 
quantity  of  iodine,  combined  with  sodium  or  potassium.  By  adding  a  suffi- 
cient quantity  of  sulphuric  acid,  hydriodlc  acid  is  first  generated,  and  then 
decomposed.  The  iodine  sublimes  when  the  solution  is  boiled,  and  may  be 
ooUected  in  cool  glass  receivers.  A  more  convenient  process  is  to  employ  a 
moderate  excess  of  sulphuric  acid,  and  then  add  to  the  mixture  some  per- 
oxide of  man^fanese,  which  acts  on  hvdriodic  in  the  same  way  as  on  hydro- 
chloric acid  (page  209),  (Phil.  Mag.  £.  Dr.  Ure.)  Another  method  proposed 
by  Soubeiran,  is  by  adding  to  the  ley  from  kelp  a  solution  made  with  the 
sulphates  of  protoxides  of  copper  and  iron  in  the  ratio  of  1  of  the  former  to 
2^  of  the  latter,  as  long  as  a  white  precipitate  appears.  The  diniodide  of 
copper  is  thus  thrown  down ;  and  it  may  be  decomposed  either  by  peroxide 
of  manganese  alone,  or  by  manganese  and  sulphuric  acid.  By  means  of  the 
foTtneTy  the  iodine  passes  over  quite  dry ;  but  a  strong  heat  is  requbite. 

Iodine,  at  common  temperatures,  is  a  soft  friable  opaque  solid  of  a 
bluish-black  colour,  -and  metallic  lustre.  It  occurs  usually  in  crystalline 
Iscales,  having  the  appearance  of  micaceous  iron  ore ;  but  it  sometimes  crys- 
tallizes in  large  rhomboidal  plates,  the  primitive  form  of  which  is  a  rhombic 
octohedron.  The  crystals  are  best  prepared  by  exposing  to  the  air  a  solution  of 
iodine  in  hydriodic  acid.  Its  specific  gravity,  according  to  Gay-Lussac,  is  4.948; 
but  Dr.  Thomson  found  it  only  3.0844.  At  225°  it  is  fused,  and  enters  into 
ebullition  at  347° ;  but  when  moisture  is  present,  it  is  sublimed  rapidly  even 
below  the  degree  of  boiling  water,  and  suffers  a  gradual  dissipation  at  low 
temperatures.    Its  vapour  is  of  an  exceedingly  ridi  violet  colour,  a  character 


*  The  original  papers  on  this  subject  are  in  the  Annales  de  Chimie,  Tols. 
huLxviii.  xc.  and  zci. ;  and  in  the  Philos.  Trans,  for  1814  and  1815. 
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to  ^hich  it  owes  the  name  of  iodine,  (From  i^»f,  violet-ooloured.)  This 
vapour  is  remarkablv  dense,  its  specific  gravity  by  calcolation,  pure  146, 
being  8.7030,  or  8.716  as  directly  obsenreid  by  Dumas.  Hence  100  cubic 
inches,  at  the  standard  temperature  and  pressure,  must  weigh  269.8638 
grains. 

Iodine  is  a  non-conductor  of  electricity,  and,  like  oxygen  ssd  chlorine,  is 
a  negative  electric.  It  has  a  very  acrid  taste,  and  its  odour  is  almost  exactly 
similar  to  that  of  chlorine,  when  much  diluted  with  air.  It  acts  energetically 
on  the  animal  system  as  an  irritant  poison,  but  is  employed  medicinally  in 
very  small  doses  with  advantage. 

Iodine  is  very  sparingly  soluble  in  water,  requiring  about  7000  times  its 
weight  of  that  liquid  for  solution.  It  communicates,  however,  even  in  this 
minute  Quantity,  a  brown  tint  to  the  menstruum.  Alcohol  and  ether  dis- 
solve it  freely,  and  the  solution  has  a  deep  reddish-brown  colour. 

Iodine  possesses  an  extensive  range  of  affinity.  It  destroys  vegetable 
colours,  though  in  a  much  less  degree  than  chlorine.  It  manifests  little 
disposition  to  combine  with  metallic  oxides ;  but  it  has  a  strong  attraction 
for  the  pure  metals,  and  for  most  of  the  simple  non-metallic  substances,  pro- 
ducing  compounds  which  are  termed  iodides  or  iodurets.  It  is  not  inflam- 
mable ;  but  under  fiivourable  circumstances  may,  like  chlorine,  be  made  to 
unite  with  oxygen.  A  solution  of  the  pure  alkalies  acts  upon  it  in  the 
same  manner  as  upon  chlorine,  giving  rise  to  decomposition  of  water,  and 
the  formation  of  an  iodate  and  i^ide. 

Pure  iodine  is  not  influenced  chemically  by  the  Imponderables.  Exposure 
to  the  direct  solar  rays,  or  to  strong  shocks  of  electricity,  does  not  change 
its  nature.  It  may  be  passed  through  red-hot  tubes,  or  over  intensely 
ignited  charcoal,  without  any  appearance  of  decomposition ;  nor  is  it  affected 
by  the  agency  of  galvanism.  Chemists,  indeed,  are  unable  to  resolve  it  into 
more  simple  parts,  and  consequently  it  is  regarded  as  an  elementary 
principle. 

The  violet  hue  of  the  vapour  of  iodine  is  for  many  purposes  a  sufficiently 
sure  indication  of  its  presence.  A  far  more  delicate  test,  however,  was  dis- 
covered  by  Colin  and  Graolticr  de  Claub^.  They  found  that  iodine  has  the 
property  of  uniting  with  starch,  and  of  forming  with  it  a  compound  insolu- 
ble in  cold  water,  which  is  recognized  with  certainty  by  its  deep  blue  co- 
lour. This  test,  according  to  Stromeyer,  is  so  delicate,  that  a  liquid,  con- 
taining 1 — 450,000  of  its  weight  of  iodine,  receives  a  blue  tinge  from  a  solu- 
tion of  starch.  Two  precautions  should  be  observed  to  insure  success.  In 
the  first  place,'the  iodine  must  be  in  a  free  state ;  for  it  is  the  iodine  itself 
only,  and  not  its  compounds,  which  unites  with  starch.  Secondly,  the  solu- 
tion should  be  quite  cold  at  the  time  of  adding  the  starch ;  for  hot  water  dis- 
solves the  blue  compound,  and  forms  a  colouness  solution. 

Berzelius  determined  the  equivalent  of  iodine  by  exposing  fused  iodide  of 
silver  to  a  current  of  chlorine  gas,  whereby  the  iodme  was  expelled  and 
chloride  of  silver  generated.  Through  the  known  composition  of  chloride  of 
silver  he  inferred  that  of  the  iodide,  and  thence  found  that  the  equivalent  of 
iodine  is  126.3. 

The  composition  of  the  compounds  of  iodine  described  in  this  section  is 
as  follows : — 

Iodine.  Equiv.       Formulas. 

^add^'^  \  ^^^  I  «!•  +1  1  eq-  hydrog«n«127.3.  H-j-I  or  HI. 
Oxide  of     ^ 

iodine       >  Composition  unknown, 
lodousacidj 

Iodic  acid  126.3  leq. +40  5  eq.  oxygen  »166.3.  I+50orI. 
Periodicacid  126.3  leq.+56  7  eq,  ditto  -182.3.  I-f  70  or  L 
^\^  5  Composition  unknown, 
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lodiae.  E^jaiT.       Formuhe. 

^•JV^J^  i  37a9  3  eq.  +14.15  1  eq.    nitrogen  =393.05.  N  +31  or  NH. 

^'^"tw!  ^  126.3  1  eq. +15.7     1  eq.   phosph.    =142j§.    P+IorPL 

We'Sr^hL  i  ^'^^^  ^  ^'  +^^-'*     ^  ^'    **°-  =410.3.  2P  +31  or  P«I ». 

^^fSh^    i  ^^^-^  ^  ^-  +^^ -4     ^  *^-     '^°'  =662.9.  2P  +51  or P»I'. 

■uIdImu'    \  ^onipo8»tion  unknown. 

^i    '  ^  >  Composition  unknown. 

^^^*'^rbl^n  C  Co^Powti^n  unknown. 

Hydriodic  acid, — This  compound  is  formed  by  the  direct  union  of  its 
elements,  when  a  mixture  of  hydrogen  gas  and  iodine  vapour  are  transmitted 
throufi^h  a  porcelain  tube  at  a  red  heat.  A  more  convenient  process,  and 
bv  wnich  it  is  obtained  in  a  pure  state,  is  by  the  action  of  water  on 
tae  periodide  of  phosphorus.    Any   convenient  quantity  of  tlie  iodide  is 

Eut  into  a  small  glass  retort,  together  with  a  little  water,  and  a  gentle 
eat  is  applied.  Mutual  decomposition  ensues ;  the  oxygen  of  the  water 
unites  with  phosphorus,  and  its  hydrogen  with  iodine,  giving  rise  to  the 
formation  of  phosphoric  and  hydriodic  acids,  the  latter  of  which  passes 
over  in  the  form  of  a  colourless  gas.  The  preparation  of  tlic  iodide  re- 
quires  care;  since  phosphorus  and  iodine  act  so  energetically  on  each 
other  by  mere  contact,  that  the  phosphorus  is  generally  in6amed,  and  a 
firreat  part  of  the^iodine  expelled  in  the  form  of  vapour.  This  inconvenience 
IS  avoided  by  putting  the  phosphorus  into  a  tube,  sealed  at  one  end  and  about 
twelve  inches  long,  displacing  the  air  by  a  current  of  dry  carbonic  acid  gas, 
then  gradually  adding  the  iodine,  and  promoting  the  action  towards  the  close 
by  a  firentle  heat.  The  materials  should  be  well  dried  with  bibulous  paper, 
and  Uie  iodide  preserved  in  a  well  stopped  dry  vessel ;  for  even  atmospheric 
humidity  gives  rise  to  copious  white  fumes  of  hydriodic  acid.  The  propor- 
tions usuafiy  employed  are  one  part  of  phosphorus  to  about  twelve  of  iodine. 
Another  process  has  been  recommended  by  M.  F.  d^Arcet,  which  consists 
in  evaporating  hypophosphorous  acid  until  it  begins  to  yield  phosphuretted 
hydrogen,  mixing  it  with  an  equal  weight  of  iodine,  and  applying  a  gentle 
heat.  Hydriodic  acid  gas  of  great  purity  is  then  rapidly  disengaged ;  its 
production  depending,  as  in  the  former  process,  on  the  decomposition  of 
water. 

Hydriodic  acid  gas  has  a  very  sour  taste,  reddens  vegetable  blue  colours 
without  destroying  them,  produces  dense  white  fumes  when  mixed  wilii  at- 
mospheric air,  and  has  an  odour  similar  to  that  of  hydrochloric  acid  gas. 
The  salts  which  it  forms  with  alkalies  are  called  hydriodates.  Like  hydro- 
chloric acid  gas,  it  cannot  be  collected  over  water ;  for  that  liquid  dissolves  it 
in  large  quantity. 

H^drioidic  acid  is  decomposed  by  several  substances  which  have  a  strong 
a£Snity  for  either  of  its  elements.  Thus  oxygen  gas,  when  heated  with  it, 
unites  with  its  hydrogen,  and  liberates  the  iodine.  Chlorine  effects  the  de- 
composition instantly ;  hydrochloric  acid  gas  is  produced,  and  the  iodine 
appears  in  the  form  of  vapour.  With  strong  nitrous  acid  it  takes  fire,  and 
the  vapour  of  iodine  is  set  free.  It  is  also  decomposed  by  mercury.  The  de. 
composition  begins  as  soon  as  hydriodic  acid  gas  comes  in  contact  with 
mercury,  and  proceeds  steadily,  and  even  quickly  if  the  gas  is  agitated,  till 
nothing  but  hydrogen  remains.  Gay-Lussac  ascertained  by  this  method  that 
100  measures  of  hydriodic  acid  gas  contain  precisely  half  their  volume  of 
hydrogen.  Assuming  it  to  consist  pf  equal  volumes  of  hydrogen  gas  and 
iodine  vapour  united  without  any  condensation,  then,  since 
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Gnint. 
50  cubic  inches  of  the  rapoiir  of  iodine  weigh  1349319 

50        do.  hydrogen  gu 1.0663 


100  cnbic  inches  of  hjdriodic  add  gas  should  weifh  136.0002 

These  numben  are  obviously  in  the  ratio  of  1  to  126.3,  the  equivaleats  of 
iodine  and  hydrogen.  On  the  same  principles  the  density  of  the  gas  should 
be  4.^854,  which  is  probably  more  correct  than  4443,  a  number  found  experi* 
mentally  by  Gay-Lussac.  (An.  de  Ch.  xci.  16b)  From  these  coincidences 
there  is  no  doabt  that  100  measures  of  hydriodic  acid  gas  contain  50  mea- 
sures of  hydrogen  gas  and  50  of  the  vapour  of  iodine. 

When  hydriodic  add  gas  is  conducted  into  water  till  that  liquid  is  fully 
diarged  with  it,  a  odourless  add  sdntion  is  obtained,  which  emits  white 
fumes  on  exposure  to  the  air,  and  has  a  density  of  1.7.  It  may  be  prepared 
also  bjr  transmitting  a  current  of  bydrosulphoric  add  gas  through  water  In 
which  iodine  in  fine  powder  is  susp^ed.  The  iodine,  noro  having  a  greater 
affinity  than  sulphur  for  hydrogen,  decomposes  the  hydrosolphuric  add ; 
and  hence  sulphur  is  set  frecj  and  hydriodic  acid  prodooBd.  As  soon  as  the 
iodine  has  disappeand,  and  become  colourless,  it  is  heated  for  a  short  time 
to  expel  tlte  excess  of  hydrosulphuhc  acid,  and  subsequently  filtered  to  sepa. 
vate  free  sulphur. 

The  solution  of  hydriodic  acid  is  readily  decomposed.  Thus,  on  exposors 
during  a  few  hours  to  the  atmosphere,  the  oxygen  of  the  air  forms  water 
with  the  hydrogen  of  the  add,  and  sets  iodine  tree.  Hie  solution  is  found 
to  have  aequirMl  a  yellow  tint  from  the  presence  of  uncombined  iodine,  and 
a  blue  cdoor  is  oeeanoned  by  the  addition  of  starch.  Nitric  and  sulphuric 
acids  likewise  decompose  il  by  yielding  oxygen,  the  former  being  at  the 
same  time  converted  into  nitrous,  and  the  latter  into  sulphurous  acid.  Chlo- 
rine unites  directly  with  the  hydrogen  of  the  hydriodic  acid,  and  hydrochlo^ 
ricadd  is  formed.  The  separation  of  iodine  in  all  these  cases  may  be  proved 
in  the  way  just  mentioned.  These  drcumstances  afford  a  sore  test  of  the 
presence  of  hydriodic  acid,  whether  free  or  in  combination  with  alkalies. 
All  that  is  necessary,  is  to  mix  a  cold  solution  of  starch  with  the  liquid,  pre- 
viously  concentrated  by  evaporation  if  necessary,  and  then  add  a  few  drops 
of  strong  sulphuric  add.  A  Uoe  colour  will  make  its  appearance  if  hydrio- 
dic add  is  present 

Oxide  of  Iodine  and  lodoue  Acid. — ^M.  Sementini,  of  Naples,  states  that 
on  mixing  the  vapour  of  iodine  and  oxygen  gas  considerably  heated,  the 
violet  tint  of  the  former  dtsappeam,  and  a  yellow  matter  of  the  consistence 
of  solid  oil  is  generated.  This  he  regards  as  oxide  of  iodine ;  and  if  the  sup- 
ply of  oxygen  be  kept  up  after  its  formation,  it  is  converted  into  a  yellow 
liquid,  which  he  supposes  to  be  iodous  acid.  From  the  mode  in  which  the 
process  is  described,  there  can  scarcely  be  a  doubt  that  some  compound  of 
iodine  and  oxygen  is  thus  formed ;  but  its  composition  and  properties  have 
not  been  satisfactorily  made  out  (Quarterly  Joum.  of  Science,  N.  S.  i.  478.) 
Mitscherlich  has  observed,  that  on  dissolving  iodine  in  a  rather  dilute  so- 
lution of  toda,  until  the  sdntion  began  to  acquire  a  red  tint,  permanent 
crystals  were  obtained  by  spontaneous  evaporation.  They  had  the  form  of  a 
six-sided  prism,  and  dissolved  in  cold  water  without  change ;  but  by  the  ac- 
tion of  water  moderately  heated,  or  by  alcohol,  they  were  converted  into 
iodate  of  soda  and  iodide  of  sodium.  On  the  addition  of  an  acid,  iodine  and 
iodic  add  were  set  at  liberty.  From  these  facts  the  crystals  were  inferred 
to  be  iodite  of  soda.  (An.  de  Ch.  et  de  Ph.  xxx.  84.) 

lodU  Add. — ^This  acid  was  discovered  at  about  the  same  time  by  Gay- 
Lussac  and  Davy ;  but  the  latter  first  succeeded  in  obtaining  it  in  a  state  of 
perfect  purity.  When  iodine  is  brought  into  contact  with  protoxide  of  chlo- 
rine, immediate  action  ensues;  the  chlorine  of  tlie  protoxide  unites  with  one 
portion  of  iodine,  and  its  oxygen  with  another,  forroing  two  compounds,  a 
vdatile  orange-coloured  matter,  chloride  of  iodine,  and  a  white  solid  sub- 
stanae,  which  is  iodic  odd.    On  applying  heat,  the  former  passes  off  in  va^ 
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poor,  and  the  latter  remains.  (Philos.  Trans,  for  1815.)  Serullas  has  obtain- 
ed  it,  in  the  form  of  hexagonal  lamins,  by  evaporating  in  a  warm  placse  its 
eolation  either  in  water,  or  in  sulpharie  or  nitric  acid.  The  method  which 
he  ibuid  most  cooTenioDt  is  by  forming  a  solution  of  iodate  of  soda  in  a 
considerable  ozceas  of  sulphur  id  acid^  keeping  it  at  a  boiling  temperature 
fbr  twelve  or  fifteen  minutes,  mad  then  setting  it  aside  to  crystalltze.  (An. 
de  Ch.  et  de  Ph.  xliii.  216.)  Iodic  add  may  alao  be  formed  by  diseolTing 
perchloride  of  iodine  in  water,  and  gradually  adduiflr  a  large  quantity  S 
ationg  sulphuric  acid,  a  rise  of  temperature  being  at  the  same  time  prevent- 
ed by  the  application  <^  cold.  Iodic  acid  will  then  be  precipitated.  Another 
process,  suggested  by  Mr.  Connell  of  £klinburgh,  is  by  boiling  iodine  in  ni- 
trie  acid,  ror  this  purpose  a  pure  acid  of  density  1.5  should  be  introduced 
along  with  about  a  fifth  of  iU  weight  of  iodine  into  a  tube  sealed  at  one  end* 
about  an  inch  wide  and  15  inches  long,  and  these  materials  be  kept  at  a  bmU 
iag  temperature  for  at  least  twelve  hours.  As  the  iodine  rises  and  condenses 
on  the  sides  of  the  tube,  it  should  be  restored  to  the  liquid,  either  by  abla- 
tion or  by  help  of  a  glass  rod.  As  soon  as  the  iodine  disappears,  the  mtric 
acid  is  dissipated  by  cautious  evaporation. 

This  compound,  which  was  termed  oxioditu  by  Davy,  is  auhydratu  iodie 
acid.  It  is  a  white  semitransparent  solid,  which  has  a  strong  astringent 
■our  taste,  but  no  odour.  Its  density  is  considerable,  as  it  sinks  rapidly  in 
sulphuric  acid*  When  heated  to  the  temperature  of  about  500^  F.  it  is 
fused,  and  at  the  same  time  resolved  into  oxygen  and  iodine.  In  a  dry  air 
it  is  unchanged;  but  in  a  moist  atmosphere  it  absorbs  humidity, forming  the 
hydr&ted  acid,  and  eventually  deliquesces.  In  water  it  is  very  soluble,  and 
the  solution  has  a  distinct  acid  reaction :  the  bleaching  power  ascribed  to  il 
by  Davy  is  said  by  Mr.  Hiley  not  to  be  a  property  of  pure  iodic  acid.  (Lan- 
cet fi>r  July  1833.)  On  evaporating  the  solution,  a  thick  mass  of  the  con- 
sistence of  paste  is  left,  which  is  hydrous  iodic  acid;  and  which,  by  the 
cautious  application  of  heat,  may  be  rendered  anhydrous.  It  acts  powerful- 
ly on  inflammable  substances.  With  charcoal,  sulphur,  sugar,  and  similar 
combustibles,  it  forms  mixtures  which  detonate  when  heated.  It  enten 
into  combination  with  metallic  oxides,  and  the  resulting  salts  are  called 
Mmies.  These  compounds,  like  the  chlorates,  yield  pure  oxygen  by  heat, 
and  deflagrate  when  thrown  on  burning  charcou. 

Iodic  acid  forms  with  the  pure  alkalies,  salts  which  are  soluble  in  water ; 
but  with  lime,  baryta,  strontia,  and  the  oxides  of  lead  and  silver,  it  yields 
compounds  of  very  sparing  solubility.  It  is  readily  detected  by  the  facility 
with  which  it  is  deoxidized,  an  eflect  readily  produced  by  the  sulphoroos, 
phosphorous,  hydriodic,  and  hydrosulphuric  acids.  Iodine  in  each  case  is 
•et  at  liberty,  and  may  be  detected  as  usual  by  starch.  Hydrochloric  and 
iodic  acids  decompose  each  other,  water  and  chloride  of  iodine  being  gene- 
rated. 

Davy  ascertained  the  composition  of  iodic  acid,  as  given  at  page  227,  by 
determining  the  quantity  of  oxygen  which  the  acid  loses  when  decomposed 
by  heat;  and  Gay-Lussac  arrived  at  the  same  result  by  heating  iodate  of 
potassa,  when  pure  oxygen  was  given  off  and  iodide  of  potassium  re- 
mained. 

.  Periodic  Acid, — This  compound  has  been  lately  discovered  by  Ammer- 
mtlUer  and  Magnus.  (Poggen,  Annalen,  xxviii.  514.)  When  pore  soda  is 
mixed  with  a  solution  of  iodate  of  soda,  and  chlorine  gas  is  transmitted 
into  it  to  saturation,  a  sparingly  soluble  white  pulverulent  salt  is  generated, 
which  subsides  aflor  heating,  and,  if  necessary,  concentrating  the  solution. 
This  salt  is  periodate  of  sock,  the  production  of  which  appears  to  depend  on 
the  fiirmation  of  chloride  of  sodium,  and  the  union  of  the  oxygen  of  the 
soda  with  the  iodine  of  the  iodic  acid.  For  each  equivalent  of  periodic 
acid,  two  eq.  of  chloride  of  sodium  should  be  generated;  since  the  mat^ials 
I.+50,  2  (Na  +  0),  2  CI,  just  suffice  for  yielding  1+  70,  and  2  (Na+  CI). 
On  dissolvinijf  the  periodate  of  soda  in  dilute  nitric  acid,  and  adding  nitrate 
of  oxide  of  silver,  the  periodate  of  this  oxide,  of  a  greenii^-yeUow  coloar. 


salmdefe,  which  thoold  be  wished  with  water  aeidolated  with  nitric  add. 
Tbia  yellow  salt  is  eoloble  in  hot  dilute  nitrie  acid,  and  eoparatea  again  ok 
oooifing  in  small  shining  straw-yellow  crystals,  which  by  digestion  with 
warm  water  'acquire,  without  dissohdng,  a  reddish-brown  almost  Mack  cts 
loar.  If  the  nitric  acid  solution  of  the  yellow  salt  is  so'iar  concentrated  W 
evaporatkm,  that  it  crystallises  while  still  warm,  orange-^olonred  crystals 
sobside.  These  three  salts  lire  readily  analyzed  by  ezposore  taa  red  heat 
in  a  glass  tube,  when  iodine  and  metallic  ailver  remain  in  the  tube,  and 
oxygen  gas,  ahmg  with  water  when  water  is  present,  is  expelled.  Their 
composition  is  as  fellows:-— 

Oxide  of  Silver.  Periodic  Acid.      Water.  Formule. 

TeOowsaU      232  9  eq.        182.3  leq.        27  3  eq.        Ag*'l+3H. 
Red  salt  232  2  eq.        182.3  leq.        IS  2  oq.        Agfl'l+2H. 

Orange  salt      116  leq.        182.3  leq.  Ag  I." 

The  two  former  are,  therefore,  bydrated  subperiodates  of  oxide  of  silver, 
and  the  latter  a  neotral  periodate.  This  neutral  salt  has  the  peculiarity, 
that  by  pure  cold  water  it  is  converted  into  the  yellow  subealt,  while  the 
water  tahes  np  exactly  half  of  ito  acid  without  a  trace  of  silver.  By  this 
means  a  pure  solution  of  periodic  acid  may  be  obtained. 

Periodic  acid  is  analogous  m  composition  to  perchloric  acid,  and  has  de- 
cided add  properties.  Ito  solution  may  be  boiled  without  decompontion, 
and  on  evi^poration  the  acid  yields  crystols,  which  do  not  change  by  ex- 
poBore  to  the  air.  By  hydrochloric  acid  it  is  reduced  to  iodic  acid  with 
disengagement  of  chlorine,  and  the  same  change  will  of  course  be  produced 
by  saostonees  which  decompose  iodic  add.  When  the  heat  is  increased  be- 
Tond  212^  (the  predsepoint  is  not  stoted)  periodic  add  loses  oxygen,  and 
iodic  add  remains.  Tnus  is  periodic  more  easy  of  decomposition  than 
ioficacid. 

CkUndei  of  iMlifM.— Chlorine'  is  absorbed  at  common  temperatures  by 
dry  iodine  with  evdotion  of  heat,  and  a  solid  compound  of  iodine  and  chlo- 
rine restttt%  which  was  disoavered  both  by  Davy  and  Gay-Lussac.  The 
colour  of  the  product  is  orange-yellow  when  the  iodine  is  fully  saturated 
with  chlorine,  but  is  of  a  reddisii-orange  if  iodine  is  in  excess.  It  is  con- 
verted by  heat  into  an  orange-coloured  liquid,  which  yields  a  vapour  of  the 
same  tint  on  increase  of  temperature.  It  deliquesces  in  the  open  air,  and 
diasoWes  fredy  in  water.  Ito  solution  is  colourless,  very  sour  to  the  taste, 
and  reddens  vegetoble  blue  colours,  but  afterwards  destroys  them.  From 
ito  acid  properties  Davy  gave  it  the  name  of  ehloriodie  acid,  Gay-Lussac, 
on  the  contrary,  calls  it  entoride  tf  iodine,  conceiving  that  the  acidity  of  ito 
solution  arises  fix>m  the  presence  of  hydrochloric  and  iodic  adds,  which  ho 
supposes  to  be  generated  by  decomposition  of  water.  From  the  observa^ 
tions  of  Serullas  and  Dumas,  it  appears  tliat  there  exist  two  compounds  of 
chlorine  and  iodine,  by  the  different  action  of  which  on  water  the  dliMSordant 
opinions  of  Davy  and  Gay-Lussac  may  be  explained.  The  chloride  hi 
■duble  in  water,  alcohol,  and  ether  without  change ;  but  the  perchloride  is 
resolved  by  vrater  into  hydrochloric  and  iodic  adds,  the  latter  of  which  may 
he  predpitated  either  l^  rectified  alcohd  or  strong  shlphurio  add.  The 
•nbstanoe  commonly  obtained  by  transmitting  chlorme  gas  over  iodine  is  a 
mixtore  of  the  two  chlorides;  and  on  dissdriog  it  in  water,  and  afiteting 
with  ether,  the  undecomposed  chloride  is  removed  by  the  ether,  while  the 
iodic  add  of  the  decomposed  percldoride  is  predpitetod.  The  oompodtioii 
of  these  chlorides  has  not  been  precisely  determined,  lliey  are  both  cod- 
verted  by  alkaline  solutions  into  hydrochloric  and  iodic  adds. 

Teriodido  of  JViffogenv— From  the  weak  affinity  that  existe  betweoi 
iodine  and  nitrogen,  these  substances  cannot  be  made  to  unite  directly. 
But  wh9R  iodine  ia  p^t  intQ  a  solntion  of  ammonia,  the  alkali  is  decern- 
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poted ;  its  elemenU  unite  with  diflforent  portions  of  iodine,  and  thus  etase 
the  formation  of  hydriodie  acid  and  iodide  of  nitrogen.  The  latter  sobaidoB 
in  the  form  of  a  dark  powder,  which  is  characterized,  like  quadrochloride  of 
nitrccen,  by  its  explosive  property.  It  detonates  violently  as  soon  as  it  is 
driea;  and  slight  pressure,  wlule  moist,  produces  a  similar  efiecU  Heat  and 
light  are  emitted  during  the  explosion,  and,  iodine  and  nitrogen  are  set  free. 
According  to  the  experiments  of  M.  Colin,  iodide  of  nitrogen  consists  of 
one  equivalent  of  nitrogen  and  three  of  iodine. 

It  is  conveniently  made,  according  to  Serullas,  by  saturating  alcohol  of 
0.852  with  iodine,  adding  a  large  quantity  of  pure  ammonia,  and  aipUtine 
the  mixture.  On  diluting  with  water,  teriodide  of  nitrogen  sabsides,  which 
should  be  washed  by  repeated  affusion  of  water  and  decantation.  As  thus 
prepared  it  is  very  finely  divided,  and  may  be  pressed  under  water  without 
detonating ;  but  if,  subsequently  to  its  formation,  it  is  put  in  contact  with 
pure  ammonia,  it  will  afterwards  detonate  with  the  same  ftciiity  as  that 
prepared  in  the  usual  manner. 

Serullas  has  slso  remarked  that  water  and  teriodide  of  nitrogen  mntually 
decompose  each  other,  giving  rise  to  the  formation  of  hydriodie  and  iodic 
acids  and  ammonia.  The  change  takes  place  slowly  in  cold  water ;  bat  it 
is  completed  in  a  few  minutes,  and  with  scarcely  any  disengagement  of 
nitrogen,  when  gentle  heat  is  appUed.  When  a  Uttle  nitric  or  sulphnric 
acid  18  used,  ammonia  and  iodic  acid  are  alone  produced.  (An.  de  Ch.  et  de 
Ph.  xlii.  201.) 

lodideM  of  PkotpkorM, — Iodine  and  phosphorus  combine  readily  in  the 
cold,  evolving  so  much  heat  as  to  kindle  the  phosphorus,  if  the  experiment 
is  inade  in  the  open  air;  but  in  close  vesseb  no  lirbt  appears.  One  of 
these  compounds,  apparently  a  protiodide,  is  formed  of  1  part  of  phosphorus 
and  7  or  8  parts  of  iodine.  It  has  an  orange  colour,  fuses  at  313^,  sublimes 
unchanged  by  heat,  and  is  decomposed  by  water,  with  the  elements  of 
which  it  gives  rise  to  hydriodie  and  phosphorous  acids,  while  phospboras  is 
set  fVee. 

The  sesquiodide  is  formed  by  the  action  of  1  part  of  phosphorus  and  12  of 
iodine.  It  appears  as  a  dark  my  crystalline  mass,  fusible  at  84^,  and  yields 
with  water  hydriodie  and  phosphorous  adds,  from  which  circumstance  its 
elements  are  supposed  to  be  in  the  ratio  of  two  eq.  of  phosphorus  to  three  eq. 
of  iodine. 

The  periodide  is  prepared  with  1  part  of  phosphorus  and  20  of  iodine,  and 
is  a  black  compound,  fusible  at  114°.  As  by  the  action  of  water  it  yields 
hydriodie  and  phosphoric  acids  only,  it  is  inferred  to  contain  phosphorus 
and  iodine  in  the  ratio  of  two  eq.  to  five  eq.    Thus 

]  eq.  periodide  phos,  &  5  eq.  waterS  1  eq.  phos.  acid  &  5  eq.  hydriodie  acid. 
8P+51  5(H+0)  '^    2P+50  5(H+1) 

Iodide  of  Suiphur. — ^This  compound  is  formed  by  heating  gently  4  parts 
of  iodine  with  1  of  sulphur.  The  product  has  a  dark  colour  and  radiated 
appearance  like  antimony.    Its  elements  are  easily  disunited  by  heat. 

Periodide  of  Carbon, — ^Wben  a  solution  of  pure  potassa  in  alcohol  is 
mixed  with  an  alcoholic  solution  of  iodine,  a  portion  of  alcohol  is  decom- 
posed ;  and  its  hydrogen  and  carbon,  uniting  separately  with  iodine,  give 
rise  to  periodide  of  carbon  and  hydripdic  acid.  The  latter  combines  with 
the  potassa,  and  remains  in  solution.  The  former  has  a  yellow  colour  like 
sulphur,  and  forms  scaly  crjrstals  of  a  pearly  lustre ;  ite  taste  is  very  sweet, 
and  it  has  a  strong  uromatic  odour  resembling  saffron.  It  was  discovered 
by  Serullas,  and  described  by  him  as  a  hydrocarburet  of  iodine ;  but  iU  rwl 
nature  was  pointed  out  by  Mitscherlich.    An.  de  Ch.  de  Ph.  xxxvii.  86.) 

The  protiodide  is  formed  by  distilling  a  mixture  of  the  preceding  com- 
pound with  corrosive  suUimale.  It  is  a  liquid  of  a  sweet  taste,  and  has  a 
penetrating  ethereal  odour. 
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SECTION  XIII. 

BROMINE. 

BmomHK  waa  discovered  in  1826  by  M.  Balard  of  Mootpellier.  The  aaiM 
origioaDy  applied  to  it  was  muride,  but  the  tenn  brome  or  iremifie,  fion 
i0(tffcoc  graveoUmia^  signifjiog  a  strong  or  rank  odour,  has  since  been 
sobsUtuted.  (An.  of  PhiL  xviiL  381.) 

Bromine  in  its  chemical  relatioos  bears  a  dose  analogy  to  chlorine 
and  iodine,  and  iias  hitherto  been  always  found  in  nstnre  associated  with 
the  former,  and  sometimes  also  with  the  latter.  It  exists  in  sea-wates 
in  the  form  of  bromide  of  sodiun^  or  magnesinm.  Its  relative  qoan* 
tity,  however,  is  very  minatc;  and  even  the  uncrystaJliable  residue 
called  bUtem^  left  after  chloride  of  sodium  has  been  separated  from  sea* 
water  by  cryslallixation,  contains  it  in  small  proportion.  It  may  apparently 
be  regarded  as  an  essential  ingredient  of  the  saline  matter  of  the  ocean ;  ier 
it  has  been  detected  in  the  waters  of  the  Mediterranean,  Baltic,  North  Sea, 
and  Frith  of  Forth.  It  has  also  been  found  in  the  waters  of  the  Dead  Sea, 
and  in  a  variety  of  salt  springs  in  Germany.*  Dr.  Daubeny  has  detected  it 
in  several  mineral  springs  in  England ;  and  states  that  it  is  rarely  wanting 
in  those  springs  which  contain  much  common  salt,  except  that  of  Droitwich  in 
Worcestershire.  Balard  found  that  it  exists  in  marine  plants  growing  on 
the  shores  of  the  Mediterranean,  and  has  procured  it  in  appreciable  quantity  ^ 
from  the  ashes  of  sea-weeds  that  furnish  iodine.  He  hais  likewise  detected 
its  nresence  in  the  ashes  of  some  animals,  especially  in  those  of  the  Jantkina 
tiMoeem^  one  of  the  testaceous  moUusca. 

At  common  temperatures  bromine  is  a  liquid,  the  colour  of  which  is 
bUckish*red  when  viewed  in  mass  and  by  reflected  light,  but  appears  hyacinth- 
ted  when  a  thin  stratum  is  interposed  between  the  light  and  the  observer. 
Its  odour,  which  somewhat  resembles  that  of  chlorine,  is  ^ery  disagreeable, 
and  its  taste  powerful.  Its  specific  gravity  is  about  3.  Its  volatility  is  con* 
aiderable ;  for  at  common  temperatures  it  omits  red-coloured  vapours  which 
are  Ycry  similar  in  appearance  to  those  of  nitrous  acid;  and  at  llo.5°  it  enters 
into  ebullition.  By  a  temperature  between  zero  and  —4°  it  is  congealed, 
and  in  that  state  is  brittle.  The  density  was  found  by  Mitscherlich  to  be 
5.54,  and  Uie  number  calculated  (page  146)  from  its  equivalent  is  5.4017 ;  * 
100  cubic  inches  at  60^  and  30  inches  Bar.  should  weigh  167^156  grains. 

Bromine  is  a  non-conductor  of  electricity,  and  undergoes  no  diemical 
change  whatever  from  the  agency  of  the  imponderables.  It  may  be  trans- 
mitted through  a  red-hot  glass  tube,  and  be  exposed  to  the  agency  of 
galvanism,  without  evincing  the  least  trace  of  decomposition.  Like  oxygen, 
chlorine,  and  iodine,  it  is  a  negative  electric.  Bromine  is  soluble  in  water, 
alcohol,  and  ether,  the  latter  being  its  best  solvent  It  does  not  redden  litmus 
paper,  but  bleaches  it  rapidly  like  chlorine;  and  it  likewise  diicbar^  the 
blue  colour  from  a  solution  of  iodiga  Its  vapour  extinguishes  a  lighted 
taper ;  but  before  going  out,  it  burns  for  a  few  seconds  with  a  flame  which 
is  green  at  its  base  and  red  at  its  upper  part  Some  inflammable  substances 
take  fire  by  contact  with  bromine,  in  the  same  manner  as  when  introduced 
into  an  atmosphere  of  chlorine.  It  acts  with  encrgf  on  organic  matters 
such  as  wood  or  cork,  and  corrodes  the  animal  texture ;  but  if  applied  to 


*  Some  of  the  salt  springs  of  Germany  furnish  a  good  deal  of  bromine. 
The  saline  at  Theodorshalle,  near  Kreuxnach,  contains  a  sufficient  quantity 
to  make  its  extraction  profitoble,  A  quintal  (100  lbs.)  of  the  mother-waters 
of  this  spring  yiekis  two  ounces  and  one  drachm  of  bromine^— Bsrxeliiis, 
TraiU  de  C£tmie,  L  393^JSd, 
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the  skin  for  a  short  time  only,  it  communicates  a  yellow  stain,  which  is  less 
intense  than  that  produced  hy  iodine,  and  soon  disappears.  To  animal  life 
it  is  highly  destructive,  one  drop  of  it  placed  on  the  beak  of  a  bird  haTing 
proved  fatal. 

From  the  close  resemblanoe  observable  between  chlorine  and  bromine, 
Balard  was  of  course  led  to  examine  its  relations  with  hydrogen,  and  found 
that  these  substances  may  readily  be  made  to  unite ;  the  product  of  the 
combination  being  a  gas  very  similar  to  hydrochloric  and  hydriodic  acid 
gases,  whence  it  has  received  the  name  of  hydrohromie  acid  gas.  In  its 
action  on  metals,  also,  bromine  presents  the  closest  similarity  to  that  which 
chlorine  exerts  on  the  same  substances.  Antimony  and  tin  take  fire  by  con- 
tact  with  bromine;  and  its  union  with  potassium  is  attended  with  such 
intense  heat  as  to  cause  a  virid  flash  of  lifi^ht,  and  often  to  burst  the  vessel 
in  which  the  experiment  is  performed.  Its  affinity  for  metallic  oxides  is 
feeble.  By  the  action  of  alkalies  it  is  resolved  into  hydrobromic  and  bromic 
acids,  suffering  the  same  kind  of  change  as  chlorine  or  iodine,  when 
similarly  treated. 

Bromine  is  usually  extracted  from  bittern,  and  its  mode  of  preparation  is 
founded  on  the  property  which  chlorine  possesses  of  decomposing  hydro- 
bromic acid,  uniting  with  its  hydro|[en,  and  setting  bromine  at  liberty. 
Accordingly,  on  adding  chlorine  to  bittern,  the  free  bromine  immediatelj 
communicates  an  orange-yellow  tint  to  that  liquid;  and  on  heating  the 
solution  to  its  boiling  point,  the  red  vapours  of  bromine  are  expelled,  and 
may  be  condensed  by  being  conducted  into  a  tube  surrounded  with  ice.  It 
was  this  change  of  colour  produced  by  chlorine  that  led  to  the  discovery  of 
bromine.  The  method  recommended  by  Balard  for  procuring  this  substance 
as  well  as  for  detecting  the  presence  of  hydrobromic  acid,  is  to  transmit  a 
current  of  chlorine  gas  through  bittern,  and  then  to  agitate  a  portion  of 
sulphuric  ether  with  the  liquid.  I'he  ether  dissolves  the  whole  of  the  bro- 
mine,  from  which  it  receives  a  beautiful  hyacinth-red  tint,  and  on  standing 
it  rises  to  the  surface.  When  the  ethereal  solution  is  agitated  with  caustic 
potassa,  its  colour  entirely  disappears,  owing  to  the  formation  of  bromide  of 
potassium  and  bromate  of  potassa,  the  former  of  which  is  obtained  in  cubic 
crystals  by  evaporation.  The  bromine  may  then  be  set  free  by  means  of 
chlorine,  and  separated  by  heat.*  Balard  has  subsequently  improved  the 
process  so  much,  that  it  is  now  produced  in  considerable  quantity,  and  sold 
in  Paris  as  an  article  of  commerce. 

According  to  all  the  experiments  hitherto  made,  bromine  appears  to  be 
an  dement  It  is  so  very  similar  in  most  aspects  to  chlorine  and  iodine, 
and,  in  the  order  of  its  chemical  relations,  is  so  constantly  intermediate 
between  them,  that  Balard  at  first  supposed  it  to  be  some  unknown  com- 
pound of  these  substances.  There  seems,  however,  to  bo  no  good  ground 
for  the  supposition;  but  on  the  contrary,  an  experiment  performed  by 
De  la  Rive  affords  a  very  strong  argument  'against  it  He  finds  that  when 
a  compound  of  bromine  and  iodine  is  mixed  with  starch,  and  exposed  to  the 
influence  of  galvanism,  bromine  appears  at  the  positive  and  iodine  at  the 
negative  wire,  where  the  starch  acquires  a  blue  tint  On  making  the 
experiment  with  bromine  containing  a  little  bromide  of  iodine,  the  same 
appearance  ensues ;  but  if  iodine  is  not  previously  added,  the  starch  does 
not  receive  a  tint  of  blue. 


•  According  to  the  authorities  of  Berzelius  and  Thenard,  the  best  mode  of 
treating  the  cubic  crystals  of  bromide  of  potassium  in  order  to  extract  tho 
bromine,  is  to  mix  them  in  a  small  retort  with  the  peroxide  of  manganese 
in  powder,  and  to  act  on  the  mixture  with  sulphuric  acid,  diluted  with  half 
its  weight  of  water,  with  the  assistance  of  heat.  The  beak  of  the  retort 
must  pTange  under  cold  water.  As  the  distillation  proceeds,  the  bromine 
passes  over  in  red  vapours,  and  condenses  under  the  water  in  the  form  <^ 
brown  and  heavy  drops.— Bfra;s2tu«,  DraiU  de  CAtm.  i.  S93.— £^. 
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j^omiiie  ifl  in  most  cases  easily  detected  by  means  of  cblonne;  for  this 
■abstance  displaces  bromine  from  its  combination  with  hydrogen,  metals, 
and  most  other  bodies.  The  appearance  of  its  vapour  or  the  colour  of  its 
soJotlon  in  ether  will  then  render  its  presence  obvious. 

Bromine,  like  chlorine,  forms  a  crystalline  hydrate  when  exposed  to  32^ 
F.  in  contact  with  water.  The  crystals  are  octohedral,  of  a  beautiful  red 
tint,  and  suflfer  decomposition  at  54°.  (Lowig-.) 

Berzelios  determineid  the  equivalent  of  bromine  in  the  same  way  as  that 
of  iodine,  namely,  by  heating  a  known  weight  of  bromide  of  silver  in  a 
current  of  chlorine  gas,  so  as  to  displace  the  bromine  and  obtain  chloride  of 
silver.    He  thus  found  78.4  to  be  the  equivalent  of  bromine. 

The  compounds  of  bromine  described  in  this  section  are  as  follows  :^- 

Bromine.  Eqoiv.    Formulae. 

Hydrobromic  acid       78.4  1  eq.+Hydrogen    1  1  eq.ss  79.4.      H+Br. 

Bromicacid  7a4  1  eq^Ozygen     40  5eq.sU8.4.  Br-f  50orBr. 

Chloride  of  bromine    Composition  uncertain. 

Bromides  of  iodine     Composition  uncertain. 

Bromide  of  sulphur    Composition  uncertain. 

Protobromideof  phos.  78.4  1  eq.-fPhospb.   15.7  lsq.s8  94.1       P+Br. 

Perbromideofphoe.  392     5eq.4-     da       31.4  2eq.sB423.4       Ps  Br«. 

Bromide  of  carbon      Composition  uncertain. 

Hydrobromic  Acid. — ^No  chemical  action  takes  place  between  the  vapour 
of  bromine  and  hydrogen  gas  at  common  temperatures,  not  even  by  the 
a|^ency  of  the  direct  solar  rays ;  but  on  introducing  a  lighted  candle,  or  a 
piece  of  red-hot  iron,  into  the  mixture,  combination  ensues  in  the  viqinity 
of  the  heated  body,  though  without  extending  to  the  whole  mixture,  and 
without  explosion.  The  combination  is  readily  effected  by  the  action  of 
bromine  on  some  of  the  gaseous  compounds  of  hydrogen.  Thus  on  mixing 
the  vapour  of  bromine  with  faydriodic  acid,  hydrosuiphuric  acid,  or  phosi 
pburettcd  hTdrogen  gases,  decomposition  ensues,  and  hydrobromic  acid  gas 
is  generated.  It  may  be  conveniently  made  for  experimental  purposes  by  a 
process  similar  to  that  for  forming  hydriodic  acid.  A  mixture  of  bromine 
and  phosphorus,  slightly  moistened,  yields,  by  tlie  aid  of  gentle  heat,  a  large 
quantity  of  pure  hydrobromic  acid  gas,  which  should  be  collected  either  in 
dry  glass  bottles,  or  over  mercury. 

Hydrobromic  acid  gas  is  colourless,  has  an  acid  taste,  and  pungent  odour. 
It  irritates  the  glottis  powerfully,  so  as  to  excite  cough,  and,  when  mixed 
with  moist  air,  yields  white  vapours,  which  are  denser  than  those  occasion- 
ed under  the  same  circumstances  by  hydrochloric  acid  gas.  It  undergoes 
no  decomposition  when  transmitted  through  a  red-hot  tube,  either  alone,  or 
mixed  with  oxygen.  It  is  not  affected  by  iodine ;  but  chlorine  decomposes 
it  instantly,  with  production  of  hydrochloric  acid  gas,  and  deposition  of 
bromine.  It  may  be  preserved  without  change  over  mercury ;  but  potas. 
sium  and  tin  decompose  it  with  facility,  the  former  at  common  tempera- 
tures, and  the  latter  by  the  aid  of  heat. 

Hydrobromic  aeid  gas  is  very  soluble  in  water.  The  aqueous  solution 
may  be  made  by  treating  bromine'  with  hydrosuiphuric  acid  dissolved  in 
water,  or  still  better  by  transmitting  a  current  of  hydrobromic  acid  gas  into 
pure  water.  The  liquid  becomes  hot  during  the  condensation,  acquires 
great  density,  increases  in  volume,  and  emits  white  fumes  when  exposed  to 
Uie  air.  This  acid  solution  is  colourless  when  pure,  but  possesses  the  pro- 
perty  of  dissolving  a  large  quantity  of  bromine,  and  then  receives  the  tint  of 
that  substance. 

Chlorine  decomposes  the  solution  of  hydrobromic  acid  in  an  instant. 
Nitric  acid  likewise  acts  upon  it,  though  less  suddenly,  occasioning  the  dis- 
^n^gement  of  bromine,  and  probably  the  formation  of  water  and  nitrous 
acid.  Nitro-hydrobromic  acid  is  analogous  to  aqua  regia,  and  possesses  the 
property  of  dissolving  gold; 
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The  efementi  of  ■ulphuric  and  hjrdrobromie  acidi  retct  on  each  other  in 
a  eliffht  degree;  and  hence,  on  deoompoaing  bromide  of  pcteariom  by  raU 
phuric  acid,  the  hydrobromic  ia  generally  mixed  wilh  a  little  anlphnpoaa 
acid  gas. 

TIm  compoaition  of  hydrobromic  acid  gaa  is  eaailj  inferred  from  the  two 
following  facts.  1.  On  deoompoaing  hydrobromic  acid  gaa  by  potassium*  a 
quantity  of  hydrogen  remains,  precisely  equal  to  half  the  vc^ume  of  tlie 
gas  employed;  and,  3,  when  hydriodic  add  gas  is  decomposed  by  bromine, 
the  resulting  hydrobromic  acid  occupies  the  very  same  space  aa  the  gaa 
which  is  decomposed.  Hence  hydrobromic  is  analogooa  to  hydriodic  and 
hydrochloric  acid  gases,  in  containing  equal  measures  of  bromine  Tapooi 
and  hydrogen  gas  united  without  any  change  of  volume;  and  ainoe 

Grains. 
50  cubic  inches  of  bromine  vapour  weigh     .  .    83.7579 

50       do.  hydrogen  gas  ....      1.0683 

100       do.  hydrobromic  acid  must  weigh         •    84.8263 

These  numbers  are  in  the  ratio  of  1  to  78.4,  which  is  the  composition  of  the 
gas  by  weight    Its  density  is  2.7353. 

Since  bromine  decomposes  hydriodic,  and  chlorine  hydrobromic  acid, 
bromine,  in  relation  to  hydrogen,  is  intermediate  between  chlorine  and 
iodine;  for  it  has  a  stronger  affinity  for  hydrogen  than  iodine,  and  a  weaker 
than  chlorine.  The  affinity  of  bromine  and  oxygen  for  hydrogen  appears 
nearly  similar;  for  while  oxygen  cannot  detach  hydrogen  from  bromine, 
bromine  does  not  decompose  watery  vapour. 

The  salts  of  hydrobromic  acid  are  termed  hydrchrmnates.  Like  the  free 
acid,  they  are  decomposed,  and  the  presence  of  bromine  is  detected,  by 
means  of  chlorine.  On  mixing  a  soluble  bromide  with  the  nitrates  of  the 
protoxides  of  lead,  silver,  and  mercury,  white  precipitates  are  obtained, 
which  are  Yery  similar  in  appearance  to  the  chlorides  of  those  metals,  but 
which  are  metallic  bromides.  On  the  addition  of  chlorine,  the  vapour  of 
bromine  is  evolved. 

Bromie  Add, — ^The  only  compound  yet  known  of  bromine  and  oxygen  ia. 
that  formed  by  the  action  of  bromine  on  potassa,  when  a  change  exactly 
similar  to  that  produced  by  chlorine  (page  211)  ensues,  whereby  bromide  of 
potassium  and  bromate  of  potassa  are  generated;  and  tlie  latter,  being  much 
less  soluble  than  the  former,  is  readily  separated  by  evaporation.  Tiie  bro« 
mate  of  the  other  alkalies  and  alkaline  earths  may  be  prepared  in  a  aimilar 
manner. 

The  bromates  are  analogous  to  the  chlorates  and  iodates.  Thus  bromate 
of  potassa  is  converted  by  heat  into  bromide  of  potassium,  with  disengage- 
ment of  pure  oxygen  na,  deflagrates  like  nitre  when  thrown  on  burnio|r 
charcoal,  and  forms  with  sulphur  a  mixture  which  detonates  by  percussion, 
Tlie  acid  of  the  bromates  is  decomposed  by  deoxidizing  agents,  such  as  sul- 
phurous and  hydrosulphuric  acids,  in  the  same  manner  as  the  acid  of  tho 
iodates.  The  bromates  likewise  suffi^r  decomposition  from  the  action  of  hy- 
drobromic and  hydrochloric  acids. 

Bromate  of  potassa  is  said  not  to  precipitate  the  salts  of  lead,  but  to  ocoa- 
sion  a  white  precipitate  with  nitrate  of  silver,  and  a  yellowish-white  with 
protonitrate  of  mercury;  characters  which,  if  true,  serve  as  a  good  test  to 
distinguish  bromate  from  iodate  and  chlorate  of  potassa. 

Bromie  acid  may  be  procured  in  a  separate  state  by  decomposing  a  dilute 
solution  of  bromate  of  baryta  with  sulphuric  acid,  so  as  to  precipitate  the 
whole  of  the  baryta.  The  resulting  solution  of  bromie  acid  may  be  con- 
centrated  by  slow  evaporation  until  it  acquires  the  consistence  of  syrup; 
but  on  raising  the  temperature,  in  order  to  expel  all  the  water,  one  part  of 
the  acid  is  v<3atilize4«  <u)d  ^^^  other  resolved  into  oxygen  and  bromine.  A 
similar  result  took  place  when  the  evaporation  waa  co^ucted  in  vacuo  with 
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mlphorie  acid ;  and  accordingly  all  attempts  to  procure  anbydraoa  bromic 
acid  have  hitiierto  iiuled. 

Bromic  acid  has  scarcely  any  odoar,  but  its  taste  is  very  acid,  though  not 
at  all  corrosive.  It  reddens  litmus  paper  powerfully  at  first,  and  soon  after 
destroys  its  colour.  It  is  not  afifected  by  nitric  or  sulphuric  acid  except 
.when  the  latter  is  highly  concentrated,  In  which  case  bromine  is  set  free, 
and  eflfervescence,  probably  owing  to  the  escape  of  oxygen  gas,  ensues. 
From  the  analysis  of  bromate  of  potassa,  bromic  acid  is  obviously  similar 
in  constitation  to  iodic,  chloric,  and  nitric  acids;  that  is,  it  consists  of  one 
equivalent  of  bromine  united  with  five  of  oxygen. 

Chlaride  of  Bromine, — ^This  compound  may  be  formed  at  common  tempe- 
Tatatea  by  transmitting  a  current  of  chlorine  throu|fh  bromine,  and  con- 
densing the  disengaged  vapours  by  means  of  a  freezing  mixture.  The  re- 
sulting chloride  is  a  volatile  fluid  of  a  reddish-yellow  colour,  much  less 
intense  than  that  of  bromine;  its  odour  is  penetrating,  and  causes  a  dis- 
charffe  of  tears  from  the  eyes,  and  its  taste  very  disagreeable.  Its  vapour 
is  a  deep  yellow,  like  the  oxide  of  chlorine,  and  it  enables  metals  to  burn  as 
in  an  atmosphere  of  chlorine,  doubtless  giving  rise  to  the  formation  of 
metallic  chlorides  and  bromides. 

Chloride  of  bromine  is  soluble  in  water  without  decomposition ;  for  the 
eolation  possesses  the  colour,  odour,  and  bleaching  properties  of  the  com- 
poimd,  and  discharges  the  colour  of  litmus  paper  without  previously  redden- 
mg  it.  By  the  action  of  the  alkalies  it  is  decomposed,  being  converted,  by 
means  of  the  elements  of  water,  into  hydrochloric  and  bromic  acids. 

Bromide  of  Iodine. — ^These  substances  act  readily  on  each  other,  and 
appear  capaUe  of  uniting  in  two  proportions.  The  protobromide  is  a  solid, 
convertible  by  heat  into  a  reddish-brown  vapour,  which,  in  cooling,  con- 
denses  into  crystals  of  the  same  colour,  and  of  a  form  resembling  that  of 
fern  leaves.  An  additional  quantity  of  bromine  converts  these  crystals  into 
a  fluid,  which  in  appearance  is  like  a  strong  solution  of  iodine  in  hydriodic 
acid.  This  compound  dissolves  without  decomposition  in  water,  but  with 
the  alkalies  yields  hydrobromic  and  iodic  acids. — The  existence  of  two 
bromides  of  iodine  can  scarcely  bo  regarded  as  satisfactorily  established. 

Bromide  of  Sulphur^ — On  pouring  bromine  on  sublimed  sulphur,  combi- 
nation ensues,  and  a  fluid  of  an  oily  appearance  and  reddish  tint  is  gene- 
rated. In  odour  it  somewhat  resembles  chloride  of  sulphur,  and  like  that 
compound  emits  white  vapours  when  exposed  to  the  air ;  but  its  colour  is 
deeper.  It  reddens  litmus  paper  faintly  when  dry,  but  strongly  if  water  is 
added.  Cold  water  acts  slowly  upon  bromide  of  sulphur ;  but  at  a  boiling 
temperature  the  action  is  so  violent  that  a  slight  detonation  occurs,  ana 
three  compounds,  hydrobromic,  hydrosulphuric,  and  sulphuric  acids  are 
formed.  The  formation  of  these  substances  is  of  course  attributable  to  de- 
composition of  water,  and  the  union  of  its  elements  with  bromine  and  sul- 
phur. Bromide  of  sulphur  is  likewise  decomposed  by  chlorine,  which  unites 
with  sulphur  and  displaces  bromine. 

The  composition  of  bromide  of  sulphur  is  unknown.  It  dissolves  an  ex- 
cess both  of  chlorine  and  sulphur,  and  its  elements  separate  from  each  other 
so  readily,  that  it  has  hitherto  beei^  impracticable  to  procure  a  definite  com- 
pound. 

Bromides  of  Pko»phoru9, — ^Wlien  bromine  and  phosphorus  are  brought 
into  contact  in  a  flask  filled  with  carbonic  acid  gas,  they  act  suddenly  on 
each  other  with  evolution  of  heat  and  light,  and  two  compounds  are  gene- 
rated ;  one  a  crystalline  solid,  which  is  sublimed  and  collects  in  the  upper 
part  of  the  flask,  and  the  other  a  fluid,  which  remains  at  the  bottom.  The 
former  contains  the  most  bromine,  and  the  hitter  is  supposed  by  Balard  to 
consist  of  single  equivalents  of  its  elements. 

The  protobromide  retains  its  liquid  form  even  at  5Q9  F.  It  is  readily  convert- 
ed  into  vapour  by  heat,  and  on  exposure  to  the  air  emits  penetrating  fumes.  It' 
reddens  litmus  paper  faintly,  an  effect  which  is  probably  owing  to  the  pre- 
sence of  moisture.  With  water  it  acts  energetically  and  with  f^  disengage- 
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ment  of  heat,  hydrobromic  acid  gaa  being  evolved  when  only  a  few  drape  of 
water  are  employed ;  but  if  a  large  quantity  is  uaed,  the  gaa  is  dieaolved, 
and  the  acid  solution  leaves  b^  evaporation  a  residuum,  which  burns  slightly 
when  dried,  and  is  converted  into  phosphoric  acid. 

The  perbromide  is  yellow  in  its  solid  state ;  but  with  gentle  heat  it  be> 
comes  a  red-coloured  hquid,  which  by  increase  of  temperature  b  converted 
into  a  vapour  of  the  same  tint  On  cooling  after  fusion  it  yields  rbombie 
crystals ;  but  when  its  vapour  is  condensed,  the  crystals  are  aciculmr.  It  is 
decomposed  by  metals,  probably  with  the  formation  of  metallic  bromidee  and 
phosphurets.  It  emits  dense  penetraXing  fiimes  on  exposure  to  the  air,  and 
with  water  gives  rise  to  the  production  of  hydrobromic  and  phosphoric  adds. 
Hence  its  e&ments  should  be  in  the  ratio  c^  two  eq.  of  phosphorua  to  five  eq. 
of  bromine. 

Chloritie  has  a  greater  affinity  for  phosphorus  than  bromine,  and  decom- 
poses both  the  bromides  with  evolution  of  the  vapour  of  bromine.  These 
compounds  are  not  decomposed  by  iodine ;  bat,  on  the  contrary,  bromine  de^ 
composes  iodide  of  phosphorus. 

Bromide  of  Carbom — This  compound  is  formed  by  the  action  of  bromiao 
on  half  its  weight  of  periodide  of  carbon,  when  bromide  of  carbon  and  a  sub- 
bromide  of  iodine  are  fermed,  the  latter  of  which  is  removed  by  a  solution 
of  caustic  potassa.  At  common  temperatures  it  is  liquid,  but  ciystallizee  at 
32^  F.  Its  taste  is  sweet,  and  it  has  a  penetrating  ethereal  odour.  It  resero- 
bles  protiodide  of  carbon  in  many  respects ;  but  is  distinguished  froni  it  by 
the  vapour  which  it  emits  on  exposure  to  heat  (Serullas,  in  the  An.  de  Co. 
et  de  Ph.  xxxix.  235.) 


SECTION  XIV. 

FLUORINE. 

The  substance  to  which  this  name  is  applied  has  not  hitherto  been  ob- 
tained in  an  insulated  form,  and,  therefore,  the  properties  which  are  peculiar 
to  it  in  that  state  are  entirely  unknown.  From  the  nature  of  its  compounds 
it  appears  to  belong  to  the  class  of  negative  electrics,  and  like  oxygen  and 
chlonne  to  have  a  powerful  affinity  for  hydrogen  and  metallic  substances. 

fieneliua  determined  the  equivalent  of  fluorine,  by  finding  that  100  partn 
of  pure  fluoride  of  calcium  yield  with  sulphuric  acid  175  parts  of  sulphate 
of  lime.  From  these  numbers  fluoride  of  calcium  is  inferred  to  conaist  of 
30.5  parts  or  one  eq.  of  calcium,  and  18.68  parts  or  one  eq.  of  fluorine. 

The  compounds  of  fluorine  described  in  this  aection  are  the  following  :~- 

Fluorine.  Equiv.        Fomiulfle. 

^acid^°°"''  {  ^®'^  ^  eq+Hydrogen    1     1  eq.=19.68    H+F  or  HF. 
Fluoboric 
acid 


56.04  3  eq.+Boron         10.9  1  eq.s66.94    B4-3F  or  BFa. 

Hydrofluorie  Acid, — ^This  acid  was  first  procured  in  its  pure  state  in  the 
year  1810  by  Gay-Lussac  and  Thenard,  and  described  in  the  second  volume 
of  their  Reekereket  Phynco-Chimiqueo.  It  is  prepared  by  acting  on  the  min- 
eral called  Jluor  apar^  which  is  a  fluoride  of  calcium,  carafiuly  separated 
firom  siliceous  earth  and  .reduced  to  fine  powder,  with  twice  its  weight  of 
concentrated  sulphuric  acid.  The  mixture  is  made  in  a  leaden  retort;  and 
on  applying  heat,^  an  acid  and  hirhly  corrosive  vapour  distils  over,  which 
must  be  coUectedun  a  receiver  of  Sie  same  metal  surrounded  with  ice.  Aa 
the  materials  swell  up  considerably  during  the  process,  owinr  to  a  quantity 
of  vapour  forcing  its  way  through  a  viscid  mass,  the  retort  should  be  cap*. 


C901I8.  At  the  do0e  of  the  operation  pure  hydraflooric  acid  is  (bund  in  the 
receiver,  and  the  retort  coDtaios  dry  solphate  of  lime.  The  chemical  changes 
are  preciaely  the  aame  as  in  the  formation  of  hydrochloric  acid  gas  at  page 
313,  flnorine  being  rabetituted  for  chlorine  and  calciom  for  sodium.  If  £e 
oil  of  vitriol  is  of  sufficient  strength,  all  ils  water  is  decomposed,  and  the  re- 
salting  hydrofluoric  acid  is  anhydrous. 

Hydroflaoric  acid,  at  the  temperature  of  32^  F,  Is  a  colourless  fluid,  and 
remains  in  that  state  at  59^  if  preserved  in  well  stopped  bottles;  but  when 
•zpoa6d  to  the  air,  it  flies  off  in  dense  white  fumes,  which  consist  of  the 
acid  vapour  combined  with  the  moisture  of  the  atmosphere.  Its  specific  ^. 
▼ity  is  1.0609 ;  but  its  density  may  be  increased  to  li!5  bv  gradual  additions 
of  water.  Its  affinity  for  this  liquid  &i  exceeds  that  of  the  strongest  snl^ 
phnric  acid,  and  the  combination  is  accompanied  with  a  hissing  noise,  as 
'wheti  red-hot  iron  is  quenched  by  immersion  in  water. 

The  vapour  of  hydrofluoric  acid  is  much  more  pungent  than  chlorine  or 
any  of  the  irritating  gases.  Of  all  known  substances,  it  is  the  most  destructive 
to  animal  matter.  When  a  drop  of  the  concentrated  acid  of  the  size  of  a 
pin's  head  comes  in  contact  with  the  skin,  instantaneous  disorganization  en- 
soes,  and  deep  o]cerati<m  of  a  mali|piant  character  is  produced.  On  this  ac» 
coant  the  greatest  care  is  requisite  in  its  preparation. 

This  acid  when  concentrated  acts  enerffctically  on  glass.  The  transpa- 
rency of  the  glass  is  instantly  destroyed,  beat  is  evolved,  and  the  acid  boik, 
and  in  a  short  time  entirely  disappeara.  A  colourless  gas,  commonly  known  If 
the  name  ol^Jluonlieic  aeCi  ga9^  is  the  sole  product  This  compound  is  always 
formed  when  hydrofluoric  acid  comes  in  contact  with  a  siliceous  substance. 
For  this  reason  it  cannot  be  preserved  in  glass ;  but  must  be  prepared  and 
kept  in  metallic  vessels.  Those  of  lead,  from  their  cheapness,  are  ojlen  used; 
hut  vessels  of  silver  or  platinum  are  preferable.  In  consequence  of  its  power. 
Ibl  affinity  for  siliceous  matter,  hydrofluoric  acid  may  be  employed  for  etch- 
uig  on  glass ;  and  when  used  with  this  intention,  it  should  be  diluted  with 
three  or  foar  times  its  weight  of  water. 

Hydrofluoric  acid  has  aU  the  nsual  characten  of  a  powerful  acid.  It  has  a 
■tron^  sour  taste,  reddens  litmus  paper,  and  neutralizes  alkalies,  either 
forming  salts  termed  hydrofluateMy  or  most  generally  giving  rise  to  metallic 
fluoridoB.  All  these  compounds  are  decomposed  by  strong  sulphuric  acid 
with  the  aid  of  heat,  and  the  hydrofluoric  acid  whik  escaping  may  be  de- 
tected  by  its  action  on  glass. 

Hydrofluoric  add  acts  violently  on  some  of  the  metals,  especially  on  the 
bases  of  the  alkalies.  Thus  when  potassium  is  brought  in  contact  with  the 
concentrated  add,  an  explosion  attended  with  heat  and  light  ensues ;  hydro- 
gen gas  is  disengaged,  and  a  white  compound,  fluoride  of  potassium,  is  ge- 
nerated. It  is  a  solvent  for  some  elementary  principles  which  resist  the  ac- 
tion even  of  nitro-bydrochloric  acid.  Thus  it  dissolves  silicium,  zirconium, 
and  oolombiom,  with  evolution  of  hydrogen  gas ;  and  when  mixed  with  ni- 
trie  add,  it  proves  a  solvent  for  silicium  whidi  has  been  condensed  by  heat, 
and  for  titanium.  Nitro-hydrofluoric  acid,  however,  is  incapable  of  dissolv- 
ing gold  and  platinum.  Several  oxidized  bodies,  which  are  not  attacked  by 
sulphuric,  nitric,  or  ,hydrochlorie  acid,  are  readily  dissolved  by  hydrofluoric 
acid.  As  examples  of  this  fact,  several  of  the  weaker  acids,  such  as  silica  or 
silicic  add,  titanic,  columbic,  molybdic,  and  tungstic  acids  may  be  enume- 
rated. (Berzelius.) 

A  different  view  of  the  compounds  of  flo<»rine  was  originally  taken  by 
6ay-Lussac  and  Thenard,  and  is  still  held  by  some  chemists.  They  adopt- 
ed the  opinion  that  hydrofluoric  acid  is  a  compound  of  a  certain  inflamma- 
ble principle  and  oxygfen,  and  applied  to  it  the  name  oi  fluoric  aeidtpre- 
viously  introduced  by  Scbeele.  Fluor  spar  on  this  view  is  a  fluate  ijf  lime, 
and  when  this  salt  is  decomposed  by  oil  of  vitriol,  the  fluoric  is  merely  dis- 
placed by  the  sulphuric  acid,  and  the  former  passes  off  combined  with  the 
water  of  the  latter.  What  I  have  described  as  anhydrous  hydrofluoric  add 
is,  according  to  this  hypothesis,  hydrated  fluoric  acid  ;  and  when  acted  upon 
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hj  poltMiaiii,  this  metal  is  ozidited  at  the  expense  of  the  water,  and  poteen 
thus  igenerated  anises  with  fluacic  acid,  formingf,  not  flaoride  of  potaasiDm, 
but  fluate  of  potassa.  The  equivalent  of  flaoric  acid,  as  inferred  from  the 
analyMis  of  Benelius,  is  10.68 ;  for  39.18  parts  or  one  equivalent  of  floor 
spar  is  supposed  to  contain  28.5  parts  of  lime  (20.5  calcium  u^d  8  oxjgen), 
thus  leavinir  10.68  as  the  equivalent  of  the  acid. 

The  theory  according  to  which  floor  spar  is  a  compound  of  fluorine  and 
calcium,  originated  as  a  suggestion  with  M.  Amp6re  of  Paris* and  was  after- 
wards supported  experiinentaUy  by  Dary.  It  was  found  tliat  pure  hydro- 
fluoric acid  evinces  no  si^n  of  containing  either  oxy^ren  or  water.  Charcoal 
may  be  intensely  heated  in  the  vapour  of  the  acid  without  the  production  of 
carbonic  acid.  When  hydrofluoric  acid  was  neutralized  with  dry  ammcmia- 
eal  gas,  a  white  salt  resulted,  from  which  no  water  could  be  separated ;  and 
on  treating  this  salt  with  potassium,  no  evidence  could  be  obtained  of  the 
presence  of  oxygen.  On  exposing  the  acid  to  the  agency  of  galvanism,  there 
was  a  disengagement  at  the  negative  pole  of  a  smul  quantity  of  gas,  whieh 
fitmi  its  combustibility  was  inferre<^  to  be  hydrogen ;  while  the  platinum 
wire  of  the  opposite  side  of  the  battery  was  rapidly  corroded,  and  became 
covered  with  a  chocolate-coloured  powder.  Davy  explained  these  phenomena 
by  supposinr  that  hydrofluoric  acid  was  resolved  into  iis  elements ;  and  that 
fluorine,  at  Uie  moment  of  arriving  at  the  positive  side  of  the  battery,  entered 
into  combination  with  the  platinum  wire  which  was  employed  as  a  condac- 
tor.  Unfortunately,  however,  he  did  not  succeed  in  obtaining  fluorine  in  an 
insulated  state.  Indeed,  from  the  noxious  vapours  (hat  arose  during  the  ex- 
periment,  it  was  impossible  to  watch  its  progress,  and  examine  the  difS&rent 
products  with  that  precision  which  is  essential  to  the  success  of  minute 
chemical  inquiries,  and  which  Davy  has  so  firequently  displayed  on  other 
occasions. 

Though  these  researches  led  to  no  conclusive  result,  they  afforded  so 
strong  a  presumption  in  favour  of  the  opinion  of  Ampere  and  Davy,  that  it 
was  adopted  by  several  other  chemists.  This  view  has  received  strong 
additional  support  from  the  experiments  of  M.  Kuhlman.  (Quarterly  Joumu 
of  Science  for  July  1827,  p.  205.)  It  was  found  by  this  chemist  that  fluor 
spar  is  not  in  the  slightest  degree  decomposed  by  the  action  of  anhydrous 
•ulphuric  acid,  whether  at  common  temperatures  or  at  a  red  heat  Ttie  ex- 
periment was  made  both  by  transmitting  the  vapour  of  anhydrous  sulphuric 
acid  over  fluor  spar  heated  to  redness  in  a  tube  of  platinum,  and  by  putting 
the  mineral  into  the  liquid  acid.  In  neither  case  did  decomposition  ensue; 
but  when  the  former  experiment  was  repeated  with  the  difierenoe  of  em- 
ploying  concentrated  hydrous  instead  of  anhydrous  sulphuric  acid,  evolution 
of  hydrofluoric  acid  was  produced.  M.  Kuhlman  also  transmitted  dry  hydro- 
chloric acid  gas  over  fluor  spar  at  a  red  heat,  when  hydrofluoric  add  was 
disengaged,  without  any  evolution  of  hydrogen,  and  chloride  of  calcinm  re- 
mained. I  am  aware  of  no  satisfactory  explanation  of  these  facts,  except  by 
regarding  fluor  spar  as  a  compound  of  fluorine  and  calcium,  and  hydrofluoric 
acid  as  a  compound  of  fluorine  and  hydrogen.  I  shall  accordingly  adopt 
this  view  in  the  subsequent  pages,  and  never  employ  the  term  fluoric  acid, 
except  when  explaining  phenomena  according  to  the  theory  of  Gay-Lussac. 

Mitoborie  Add, — ^Tbe  chief  difficulty  in  determining  the  nature  of  hydro- 
fluoric acid  arises  from  the  water  of  the  solphuric  acid  which  is  employed 
in  its  preparation.  To  avoid  this  source  of  uncertainty,  Gay-Lussac  and 
TTienard  made  a  mixture  of  vitrified  boracic  acid  and  fluor  spar,  and  exposed 
it  in  a  leaden  retort  to  heat,  under  the  expectation  that  as  no  water  was  pre- 
sent anhydrous  fluoric  acid  would  be  obtained.  In  this,  however,  they  were 
disappointed ;  but  a  new  ^  came  over,  to  which  they  applied  the  term  of 
flwAorie  add  gas.  A  similar  train  of  reasoning  led  Davy  about  the  same 
time  to  the  same  discovery ;  (hough  the  French  chemists  had  the  advanta^ 
in  priority  of  publication.  Another  process,  given  by  Dr.  Davy,  is  to  nux 
1  part  of*^  vitrified  boracic  acid  and  '2  of  fluor  spar  with  12  parts  of  strong 
sulphuric  acid,  and  beating  the  mixture  gently  in  a  glass  flask ;  (PhlL  Trans. 


rLvoBimc.  d41 

181d;)  bot  the  fis  thas  dereloped  contains  ft  emuiclerabie  qaantity  of  AwmU 
lietc  acid,  lluoboric  acid  gas  may  also  be  formed  by  heating  a  strong  sol«> 
lion  of  hydrofluoric  and  boracic  acids  in  a  metallic  retort. 

la  the  decomposition  of  flaor  spar  by  Tilrtfied  boracic  acid,  the  fonner  and 
fwrt  of  the  latter  undergo  an  interchange  of  elements.  The  fluorine  uniting 
with  boron  gives  rise  to  fluoboric  acid  gas ;  and  by  the  union  of  calcium  anS 
oxygen,  lime  is  generated,  which  comtnnes  with  boracic  acid,  and  is  left  in 
the  retort  as  borate  of  lime.  Fluoboric  acid  gas,  (lierefore,  is  composed  of 
boron  and  flaorine.  Those  who  adopt  the  thsorv  of  Gav-Lussac  give  a  dii& 
ierent  czpilanation,  and  regard  this  gas  as  a  comfMuod  of  fluoric  and  boracic 
acids.  The  lime  of  fluor  spar  is  supposed  to  unite  with  one  portion  of  boracie 
acid,  and  fluoric  acid  at  the  moment  of  separatien  with  another,  yielding 
borate  of  lime  and  fluoboric  acid  gas. 

Fluoboric  acid  gas  is  colourless,  has  a  penetrating  pungent  odonr,  and  ex- 
tinguisbes  flame  on  the  instant  Its  specific  gravity,  acconling  to  Dr.  Thom- 
son, is  3J622.  It  reddens  litmus  paper  as  powerfully  as  suli^iuric  acid,  and 
Ibrms  salts  with  alkalies  which  are  called  fluoboraUn,  It  has  a  singularly 
great  aflinity  for  water.  When  mixed  with  air  or  any  gas  which  contains 
watery  vapour,  a  dense  white  cloud,  a  combination  of  water  and  fluoboric 
acid,  appears,  thus  aflbrding  an  extremely  delicate  test  of  the  preeeneo  of 
moisture  in  gases.  Water  acts  powerfully  on  this  gas,  absorbing,  aooording 
to  Dr.  Davy,  700  times  its  volume,  during  which  the  water  increases  intern* 
perature  and  volume.  The  solution  is  limpid,  fuming,  and  very  caustic  Oa 
the  application  of  heat,  part  of  the  gas  is  disengaged ;  but  afterwards  tlM 
whole  solution  is  distilled. 

Gay-Lussae  and  Thenard,  and  Dr.  Davy  were  of  opinion  that  flooboria 
aeid  gas  is  dissolved  in  water  without  decomposition;  but  Berzelius  denies 
the  accuracy  of  their  observation.  On  transmitting  the  gas  into  water  until 
the  liquid  acquires  a  sharply  sour  taste,  but  is  far  flrom  being  saturated,  a 
white  powder  begins  to  subside ;  and,  oo  cooling,  a  oonsideraUe  quantity  of 
boneic  acid  is  deposited  in  crystals.  It  appears  that  in  a  certain  state  of 
dilution,  part  of  the  fluoboric  acid  and  water  mutually  decompose  each  otheiv 
with  formation  of  boracie  and  hydrofluoric  acids.  The  latter  unites,  acoord- 
ing  to  Benelius,  vrith  undecompoeed  fluoboric  acid,  forming  what  he  ha« 
eaUed  6sr»^ydr^aorte  ndd.  On  concentrating  the  liquid  by  evaporation, 
the  boracie  and  hydrofluoric  acids  decompose  each  other,  and  the  original 
compound  is  re*produoed. 

Fluoborie  acid  gas  does  not  act  on  glam,  but  attacks  animal  and  vegetaUs 
matters  with  energy,  converting  thera  like  sulphuric  acid  into  a  carbona* 
eeons  sobstance.  This  action  is  most  probably  owing  to  its  affinity  for 
water. 

When  potassium  is  heated  in  fluoboric  amd  gas,  the  metal  takes  fire,  and 
a  cfaooolais-cokmred  solid,  wholly  devoid  of  metallic  lustre,  is  formed.  This 
rabstence  is  a  mixture  of  boron  and  fluoride  of  potassium,  from  which  the 
latter  is  dissolved  by'  water,  and  the  boron  is  left  in  a  solid  state. 

The  composition  of  fluoboric  acid  gas  has  not  hitherto  been  determined 
by  direct  experiment  Dr.  Davy  ascertained  that  it  unites  with  an  e^ual 
measure  of  aromoniaeal  gas,  forming  a  solid  salt;  and  that  it  also  combines 
wiHi  twice  and  three  times  ita  volume  of  ammonia,  yielding  liquid  com* 
pounds.  In  the  former  salt  the  relative  wei|rhta  of  the  constituent  gases  aM 
m  the  ratio  of  their  specific  gravities;  and  if  the  oompound  ooosista  of  coo 
eqmvBlent  of  eadi,  it  will  be  constituted  of, 

Fluoborie  acid  gas        -       2.36^2       ..        6a69  one  eq. 
Aramoniaoal  gas  -        0.5897        •        17.15  one  eq. 

■0  that  the  equivalent  of  the  acid  mar  be  assumed  in  round  numbers  to  be 
66.  Now  supposing  this  acid  to  be  formed  of  three  equivalente  of  fluorine 
and  one  of  boron,  ita  equivalent  will  be  66.94,  a  number  which  approumates 
to  the  preceding.    This  view  is  eonsisteni  with  the  composition  of  boraeie 
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acid  Bfl  mea  at  pag«  905,  and  with  the  ccmTeraion  of  fluoboric  acid  by  water 
into  hydroflooric  and  boracic  acids. 


ON  THE  COMPOUNDS  OF  THE  SIMPLE  NON-METALLIC  ACI- 
DinABLE  COMBUSTIBLES  WITH  EACH  OTHER. 


SECTION    I. 
HYDROGEN  AND  NITROGEN.— AMMONLACAL  GAS. 

Tins  aqueous  solution  of  ammonia,  under  the  name  of  apirit  of  hartsAomf 
has  been  long  known  to  chemists ;  hot  its  existence  as  a  ^s  was  first  noticed 
by  Priestley,  who  described  it  in  his  works  under  the  title  of  alkaUne  air. 
It  is  often  called  the  vtUaiile  alkali  ;  but  the  terms  ammonia  and  ammonia- 
calgas  are  now  usually  employed. 

l^PB  most  conTenient  method  of  preparing  ammoniacal  gas  for  the  pur- 
poses of  experiment  is  by  applying  a  gentle  heat  to  the  concentrated  scdution 
of  ammonia,  contained  in  a  gloss  vessel.  It  soon  enters  into  ebullition,  and 
a  large  quantity  of  pure  ammonia  is  disengaged. 

Ammonia  is  a  colourless  gas,  which  has  a  strong  pungent  odour,  and  acts 
powerfully  on  the  eyes  and  nose.  It  is  quite  irrespirable  in  its  pure  form,  hot 
when  diluted  with  air,  it  may  be  taken  into  the  longs  with  safety.  Burning 
bodies  are  extinguished  by  it,  nor  is  the  gas  inflamed  by  their  approach. 
Ammonia,  however,  is  inflammable  in  a  low  degree ;  for  when  a  lighted 
candle  is  immersed  in  it,  the  flame  is  somewhat  enlarged,  and  tinged  of  a 
pale  yellow  colour  at  the  moment  of  being  extinguished  ;  and  a  small  jet  of 
the  gas  will  burn  in  an  atmosphere  of  oxygen.  A  mixture  of  ammoniacal 
and  oxygen  gfases  detonates  by  the  electric  spark  ;  water  being  formed,  and 
nitrogen  set  free.  A  little  nitric  acid  is  generated  at  the  same  time,  except 
when  a  smaller  quantity  of  oxygen  is  employed  than  is  sufficient  fbr  com- 
bining with  all  the  hydrogen  of  tlie  ammonia.  (Dr.  Henry,  Philos.  Trans. 
1809.) 

Ammoniacal  gas  at  the  temperature  of  50^  and  under  a  pressure  equal  to 
6.5  atmospheres,  becomes  a  transparent  colourless  liquid.  It  is  also  liqoefledi 
according  to  Guyton-Morveau,  under  the  common  pressure,  by  a  cold  of 
— 70^;  but  there  is  no  doubt  that  the  liquid  which  he  obtained  was  a  solu- 
tion  of  ammonia  in  water. 

Ammonia  has  all  the  properties  of  an  alkali  in  a  very  marked  mannerl 
Thus  it  has  an  acrid  taste,  and  gives  a  brown  stain  to  turmeric  paper ; 
though  the  yellow  colour  soon  reappears  on  exposure  to  the  air,  owipg  to 
the  volatility  of  the  alkali.  It  combines  also  with  acids,  and  neutralizes  their 
properties  completely.  All  these  salts  suffisr  decomposition  by  being  heated 
with  the  fixed  alkalies  or  alkaline  earths,  such  as  potassa  or  lime,  the  union 
of  which  with  the  acid  of  the  salt  causes  the  separation  of  its  ammonia.' 
None  of  the  ammoniacal  salts  can  sustain  a  red  heat  without  being  dissi- 
pated in  vapour  or  decomposed,  a  character  which  manifestly  arises  from 
the  volatile  nature  of  the  alkali.  If  combined  with  a  volatile  acid,  such  as 
the  hydrochloric,  the  compound  itself  sublimes  unchanged  by  heat ;  hut  when 
united  with  an  acid,  which  is  fixed  at  a  low  red  heat,  such  as  the  phospho- 
ric, the  ammonia  alone  is  expelled. 

Hydrogen  and  nitrogen  gases  do  not  unite  directly,  and,  therefore,  che- 
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mists  have  no  synthetic  preof  of  the  constitution  of  ammonia.  Its  composi- 
tion, however,  has  been  determined  analytically  with  great  ezactnesB.  When 
a  saccession  of  electric  sparks  is  passed  through  ammoniacal  gas,  it  is  re- 
solved into  its  elements ;  and  the  same  effect  is  produced  by  conducting  am- 
monia through  porcelain  tubes  heated  to  redness.  A.  Bertliollet  analysed 
ammonia  in  both  ways,  and  ascertained  that  200  measures  of  that  gas,  on 
beingr  decomposed,  occupy  the  spice  of  400  measures,  300  of  which  are  hy- 
drogen, and  100  nitrogen.  Dr.  Henry  has  made  an  analysis  of  ammonia  by 
means  of  electricity,  and  bis  experiment  proves  beyond  a  doubt  that  the  pro- 
portions above  given  are  rigidly  exact  (Annals  of  Philosophy,  zziv.  346.) 

Grains. 

Now  since  150  cubic  inches  of  hydrogen  weigh    .        .        3.2050 

and    50  of  nitrogen 15.0825 

100  cubic  inches  of  ammonia  must  weigh  18J3875 

and  it  is  composed  by  weight  of 

Hydrogen  3.2050        .  3        .        or  three  equivalents. 

Nitrogen  .        15.0825        .        1415    .        or  one  equivalent 

Its  equivalent,  therefore,  is  17.15. 

The  specific  gravity  of  ammonia,  according  to  this  calculation,  is  0.5897, 
&  number  which  agrees  closely  with  those  ascertained  directly  by  Sir  H. 
Davy  and  Dr.  Thomson. 

Ammoniacal  gas  has  a  powerful  affinity  for  water,  and  for  this  reason 
must  always  be  coUected  over  mercury.  Owing  to  this  attraction,  a  piece  of 
ioe,  when  introduced  into  a  jar  full  of  ammonia,  is  instantly  liquefied,  and 
the  gas  disappears  in  the  course  of  a  few  seconds.  Davy,  in  his  Elements, 
stat^  that  water  at  50^,  and  when  the  barometer  stands  at  29.8  inches,  ab- 
sorfas  670  times  its  volume  of  ammonia ;  and  that  the  solution  has  a  specific 
gravity  of  0.875.  According  to  Dr.  Thomson,  water  at  the  common  tempe- 
rature and  pressure  takes  up  780  times  its  bulk.  By  strong  compression, 
water  absorbs  the  gas  in  still  greater  quantity.  Heat  is  evolved  during  its 
absorption;  and  a  considerable  expansion,  independently  of  the  increased 
temperature,  occurs  at  the  same  time. 

The  concentrated  solution  of  ammonia,  commonly  though  incorrectly 
termed  liquid  ammonia,  is  made  by  transmitting  a  current  of  the  ga«,  as 
long  as  it  continues  to  be  absorbed,  into  distilled  water,  which  is  kept  cool 
by  means  of  ice  or  moist  cloths.  The  gas  may  be  prepared  from  any  salt  of 
aomionia  by.  the  action  of  any  pure  alkali  or  alkaline  earth;  but  hydrochlo- 
rate  of  ammonia  and  lime,  from  economical  considerations,  are  always  em- 
ployed. The  proportions  to  which  I  give  the  preference  are  equal  parts  of 
fajdrochlorate  of  ammonia  and  well-burned  quicklime,  considerable  excess 
of  lime  being  taken,  in  order  to  decompose  the  hydrochlorate  more  expedi- 
tiously and  completely.  The  lime  is  slaked  by  the  addition  of  water;  and  as 
soon  as  it  has  fiillen  into  powder,  it  should  be  placed  in  an  earthen  pan  and 
be  covered  till  it  is  quite  cold,  in  order  to  protect  it  from  the  carbonic  acid 
of  the  air.  It  is  then  mixed  in  a  mortar  with  the  hydrochlorate  of  ammonia, 
previously  reduced  to  a  fine  powder ;  and  the  mixture  is  put  into  a  retort  or 
other  convenient  glass  vessel.  Heat  is  then  applied,  and  the  temperature 
gradually  increased  as  long  as  a  free  evolution  of  gas  continues.  The  ammo- 
nia should  be  conducted  by  means  of  a  safety  tube  of  Welter  into  a  quantity 
of  distilled  water  equal  to  the  weight  of  the  salt  employed.  The  residue 
consists  of  chloride  of  calcium,  and  lime. 

The  concentrated  solution  of  ammonia,  as  thus  prepared,  is  a  clear  co- 
lourless liquid,  of  specific  gravity  0.936.  It  possesses  Uie  peculiar  pungent 
odour,  taste,  alkalinity,  and  other  properties  of  the  gas  itself.  On  account  of 
its  great  volatility,  it  should  be  preserved  in  welUetopped  bottles,  a  measure 
which  is  also  required  to  prevent  the  absorption  of  carbonic  acid.  At  a  tem- 
perature of  130^  it  enters  into  ebullition,  owing  to  the  rapid  escape  of  pure 
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but  the  whole  of  the  g^  eannot  be  expelled  by  this  meene,  as  at 
ket  the  eolutioo  itself  evaporates.  It  freezes  at  about  the  same  temperature 
asniereury. 

The  ibUowing  taMe,  from  Sir  H.  Davy's  ElemenU  of  Chemical  Philoeo. 
phy,  shows  the  quantity  of  real  ammonia  oonUined  in  100  parU  of  sidutions 
of  different  densities,  at  59^  F.  and  when  the  barometer  stajods  at  30  inches. 
The  specific  gravity  of  water  is  supposed  to  be  10,000 : 

Talde  oftht  Quantity  cfreal  Ammonia  in  Solatumt  of  different  Densitieo. 


100  parts  of 

Of  real 

100  parU  of 

Of  real 

sp.  gravity. 

Ammonia. 

sp.  gravity. 

Ammonia. 

8750 

32.5 

9435 

14.53 

6875 

.S 

29i25 

9476 

"3 

1 

13.46 

9000 

1 

36.00 

9513 

12.40 

9054 

25.37 

9545 

11.56 

9166 

22.07 

9573 

10.82 

9255 

19.54 

9597 

10.17 

9326 

17.52 

9619 

9.60 

9385 

15.88 

9692 

9^      I 

The  presence  of  free  ammoniacal  gas  may  always  be  detected  bv  its 
odour,  by  its  temporary  action  on  yellow  turmeric  paper,  and  by  its  form- 
ing  dense  white  fumes— 4iydrochlorate  of  ammonia— when  a  glass  jod 
moistened  with  hydrochloric  acid  is  brought  near  it 
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COMPOUNDS  OF  HYDROGEN  AND  CARBON. 

Cbkmists  have  for  several  years  been  acquainted  with  two  distinct  com- 
pounds of  carbon  and  hydrogen,  viz.  oarburetted  hydrogen  and  olefiaat 
gases;  but  late  researches  have  enriched  the  scienpe  with  several  other  com* 
pounds  of  a  similar  nature,  to  which  much  interest  is  attached.  They  are 
remarkable  for  their  number ;  for  supplying  some  instructive  instances  of 
isomerism ;  for  their  tendency  to  unite  with  and  even  neutralise  powerftd 
ttdds,  without,  in  their  uncombined  state,  manifesting  any  ordinary  aigna  of 
alkalinity ;  and  some  of  them  appear  to  act  an  important  part  in  Uie  forma- 
taon  of  the  ethers,  camphor,  and  some  other  inflammable  substances.  The 
following  tabular  view  represents  the  composition  of  those  which  have  A 
yet  been  studied. 

Hydrogen.        Carbon.      Equiv.  Formule. 


Light  oarburetted 


Olenant  gas 
Etherine 
Bicarburet  of 

hydrogen 
Parafline 
Eupione 
Naphtha 
Naphthaline 
Paranaphthaline 
Idrialine 

Camphene 
Citren.e 


2  2  eq.+  6.12 

2  2eq.+1254 
4  4  eq. +24.48 

3  3  eq. +36.72 


leq.«i  8.12      2H+CorH«a 


2eq.==l4.24 
4  oq.r=;28.48 


2H+2CorH«C« 
4H+4CorH*C«. 


6  eq.s.39.72      3H  +60  or  HaC«. 


)    Same  ratio  of  elements  as  in  etherine,  but  equivalent  is 
)        unknown. 

5  5  eq.  +36.72     6  eq.=41.72      5H+eC  or  H''C«. 

4  4  eq.+61.2     10  eq.«65.2        4H  +  10C  or  H*C»o. 

6  6  eq. 4-91.8     15  eq.=^7.8        OH  +15C  or  H«Ci». 
Ratio  of  carbon  to  hydrogen  as  3  to  1,  but  equiva- 
lent unknown. 

I   8  8eq.+  61^  10  eq.a69.2       8H  +  10a  or  H"C'0 
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lAgkl  Carhuretted  Hydrogen. — ^This  gas  is  sometimes  called  heavy  tn. 
JtanmtMe  aivt  the  inflammaUe  air  of  tnarshes,  and  hydrocarburet.  Agree- 
ably  to  the  principles  of  chemical  nomenclature,  taking  carbon  as  the  elec- 
tro-negative  element,  it  is  a  dicarhuret  of  kydvQgen  ;  but  it  is  generally  termed 
Ughl  carburetted  hydrogen.  It  is  formed  abundantly  in  stagnant  pools  dur- 
ing the  spontaneous  decomposition  of  dead  vegetable  matter ;  and  it  may 
readily  be  procured  by  stirring  the  mud  at  tlie  bottom  of  them,  and  collect- 
ing the  gas  as  it  escapes,  in  an  inverted  glass  vessel.  In  this  state  it  is  found 
to  contain  l-20th  of  carbonic  acid  gas,  iK'hich  may  be  removed  by  means  of 
lime-water  or  a  solution  of  pure  potassa,  and  l-15th  or  1.30th  of  nitrogen. 
This  is  the  only  convenient  method  of  obtaining  it.  Light  carburetted  hy- 
drogen is  tasteless  and  nearly  inodorous,  and  it  does  not  change  the  colour 
of  litmus  or  turmeric  paper.  Water,  according  to  Dr.  Henry,  absorbs  aboat 
l-60th  of  its  volume.  It  extinguishes  all  burning  bodies,  and  is  unable  to 
support  the  respiration  of  animals.  It  is  highly  inflammable ;  and  when  a 
jet  of  it  is  set  on  fire,  it  burns  with  a  yellow  flame,  and  with  a  much 
stronger  light  than  is  occasioned  by  hydrogen  gas.  With  a  due  proportion 
of  atmospheric  air  or  oxygen  gas  it  forms  a  mixture  which  detonates  power- 
fully with  the  electric  spark,  or  by  the  contact  of  flame.  The  sole  products 
of  the  explosion  are  water  and  carbonic  acid. 

Dalton  first  ascertained  the  real  nature  of  light  carbnretted  hydrogen,  and 
it  has  since  been  particularly  examined  by  Thomson,  Davy,  and  Henry* 
When  100  measures  are  detonated  with  rather  more  than  twice  their  vol. 
lime  of  oxygen  gas,  the  whole  of  the  inflammable  ffas  and  precisely  200 
measures  of  the  oxygen  disappear,  water  is  condensed,  and  100  measures  of 
carbonic  acid  are  prc^uced.  Now  100  measures  of  carbonic  acid  gas  contain 
(page  187)  100  of  carbon  vapour  and  100  of  oxygen  gas,  just  half  the  oxygen 
which  bad  been  employed ;  and  the  remaining  oxygen  requires  200  measures  of 
hydrogen  to  form  vrater.    Hence  as,  at  60^  F.  and  30  inches  Bar., 

Grains, 
100  cubic  inches  of  carbon  vapour  weigh  .  .  13.0714 

200         do.  hydrogen  gas  .  .  4i2734 

100         da  light  carburetted  hydrogen  must  weigh        17.3448 

These  weights  are  obviously  in  the  ratio  of  2  to  6.12  as  already  assigned ; 
and  the  density  of  such  a  gas  ought  to  be  0.5593,  which  is  nearly  the  quan- 
tity found  experimentally  by  Thomson  and  Henry, 

Light  carburetted  hydrogen  is  not  decomposed  by  electricity,  nor  by  being 
passed  through  red-hot  tubes,  unless  the  temperature  is  very  intense,  in 
which  case  some  of  the  gas  does  suffer  decomposit'on,  each  volume  yield- 
ing two  volumes  of  pure  hydrogen  gas  and  a  deposite  of  charcoal. 

Chlorine  and  light  carburetted  hydrogen  gas  do  not  act  on  each  other  at 
common  temperatures,  when  quite  dry,  even  if  exposed  to  the  direct  solar 
rays.  If  moist,  and  the  mixture  is  kept  in  a  dark  place,  still  no  -  action 
ensues ;  but  if  light  be  admitted,  particularly  sunshine,  decomposition  foh 
lows.  The  nature  of  the  products  depends  upon  the  proportion  of  the  gases. 
If  four  measures  of  chlorine  and  one  of  light  carburetted  hydrogen  are 
present,  carbonic  and  hydrochloric  acid  gases  will  be  produced :  two  volumes 
of  chlorine  combined  with  two  volumes  of  hydrogen  contained  in  the  car- 
buretted hydrogen,  and  the  other  two  volumes  of  chlorine  decompose  so 
much  water  as  will  likewise  give  two  volumes  of  hydrogen,  forming  hydro- 
chloric acid ;  while  the  oxygen  of  the  water  unites  with  the  carbon,  and 
converts  it  into  carbonic  acid.  If  there  are  three  instead  of  four  volumes  of 
chlorine,  carbonic  oxide  will  be  generated  instead  of  carbonic  acid,  because 
one-half  less  water  will  be  decomposed.  (Dr.  Henry.)  If  a  mixture  of  chlo- 
rine and  liffht  carburetted  hydrogen  is  electrified  or  exposed  to  a  red  heat, 
hydrochloric  acid  is  formed,  and  charcoal  deposited. 

It  was  first  ascertained  by  Henry  (Nicholson's  Journal,  vol.  xix.);  and  his 
eonclnsions  have  been  fully  confirmed  by  the  subsequent  researches  of  Davy, 

21» 
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that  the  firt^mp  of  coal  mioea  ooaaiata  alnHMit  adelv  of  li^ht  carboretted 
hydrogen.  Tbia  gaa  often  iaaooa  in  large  quantity  irom  between  beds  of 
coal,  and  by  coUectiog  in  minea  owing  to  de6cient  ventilation,  graduaUy 
ninglea  with  atmospheric  air,  and  forma  an  explosive  mixture.  The  first 
unprotected  light  which  then  approaches,  seta  fire  to  the  whole  maas^and  an 
ezploeion  ensues.  These  accidents,  which  were  formerly  so  frequent  and  so 
fatal,  are  now  comparatively  rare,  owing  to  the  employment  of  the  safety* 
lamp.  For  tbis  invention  we  are  indebted  to  Davy,  who  established  the 
principles  of  its  construction  by  a  train  of  elaborate  experiment  and  olose 
reasoning^  which  may  be  regarded  as  one  of  the  happiest  efforts  of  his 
genius.  (JBssay  on  Flame.) 

Davy  commenced  the  inquiry  by  determining  the  best  proportion  of  air 
and  Uffht  carburetted  hydrogen  for  forming  an  explosive  mixture.  When 
the  inflammable  gas  is  mixed  with  3  or  4  times  its  volume  of  air,  it  does 
not  explode  at  alE  It  detonates  feebly  when  mixed  with  5  or  6  tiroes  its 
bulk  of  air,  and  powerfully  when  1  to  7  or  8  is  the  proportion.  With  14 
times  its  volume,  it  still  forms  a  mixture  which  is  explosive ;  but  if  a 
largor  quantity  of  air  be  admitted,  a  taper  burns  in  it  only  with  an  enlarged 
fiaroe. 

The  temperature  required  for  causing  an  explosion  was  next  ascertained.  It 
was  found  that  the  strongest  explosive  mixture  may  come  in  contact  with  iron 
or  other  solid  bodies  heated  to  redness,  or  even  to  whiteness,  without  detonating, 
provided  they  are  not  in  a  state  of  actual  combustion ;  whereas  the  smallMi 
point  of  flame,  owing  to  its  nighor  temperature,  instantly  causes  an  explosion. 

The  last  important  step  in  the  inquiry  was  the  observation  that  flame 
cannot  paas  through  a  narrow  tube  This  led  to  the  discovery,  that  the 
power  of  tubes  in  preventing  the  transmission  of  flame  is  not  neoessarUy 
connected  with  any  particular  length ;  and  that  a  very  short  one  will  have 
the  efibct,  provided  its  diameter  is  proportionally  reduoed.  Thus  a  piece  oS 
fine  wire  gauze,  which  may  be  regarded  as  an  assemblage  of  short  narrow 
tabes,  is  quite  impermeable  to  name :  and  consequently  if  a  common  oil 
lamp  be  completely  surrounded  with  a  cage  of  such  gauze,  it  may  be  intro- 
duoed  into  an  explosive  atmosphere  of  firedamp  and  air,  without  kindKng 
the  mixture.  This  simple  contrivance,  which  is  appropriately  termed  the 
•afety^inp,  not  only  prevents  explosion,  but  indicates  the  precise  moment 
of  danger.  When  the  lamp  is  carried  into  an  atmosphere  charged  with 
fire-damp,  the  flame  begins  to  enlarge ;  and  the  mixture,  if  highly  explosive, 
takes  fire  as  soon  as  it  has  passed  through  the  gauze,  and  burns  on  its  inner 
aarftoe,  while  the  light  in  the  centre  of  the  lamp  ia  extinguished.  When- 
ever this  appearance  ia  observed,  the  miner  must  instantly  withdraw; 
for  though  the  flame  ahould  not  be  able  to  oommunicate  with  the  explosive 
mixture  on  the  outside  of  the  lamp,  as  long  as  the  texture  of  the  gauae  re- 
maims  entire,  yet  the  heat  emitted  during  the  combustion  is  so  great,  that  the 
wire,  if  exposed  to  it  for  a  few  minutea,  would  suffer  oxidation,  and  fall  to 
pieces. 

The  peculiar  operation  of  small  tubes  in  obstructing  the  passage  of  flame 
admits  of  a  very  simple  explanation.  Flame  is  gaseous  matter  heated  so 
intensely  aa  to  be  luminooa ;  and  Davy  has  shown  that  the  temperature 
neoessary  for  producing  this  effect  is  far  higher  than  the  white  heat  of  solid 
bodies,  ]Now  when  flame  comes  in  contact  with  the  sides  of  very  minute 
apertures,  as  when  wire  gauze  is  laid  upon  a  burning  jet  of  coal  gas,  it  is 
deprived  of  so  much  heat  that  its  temperature  instantly  falls  below  the 
degree  at  which  gaseous  matter  is  luminous;  and  consequently  though  the 
gas  itself  passes  freely  through  the  interstices,  and  is  still  very  hot,  it  is  no 
u>nger  incandescent  Nor  doea  this  take  place  when  the  wire  is  cold  only; 
-^tne  e&ot  is  equally  certain  at  any  decree  of  heat  which  the  flame  can 
oommunicate  to  it  For  aince  the  gauze  has  a  large  extent  of  surface,  and 
fK>m  its  metallic  nature  ia  a  good  conductor  of  hea^  it  loses  heat  with  great 
rapidity.  Its  temperature,  therefore,  though  it  may  be  heated  to  whiteness, 
is  always  so  fiir  below  th&t  of  flame,  as  to  exert  a  oooliog  influenoe  OTcr 
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the  bwniDg  gM,  and  reduce  tie  heal  below  the  point  at  whith  it  m  inoaii- 
deecent. 

These  principlefl  enggeti  the  conditione  under  whieh  DaTy*s  lamp  would 
eease  to  be  safe.  If  a  lamp  with  its  gauae  red-hot  be  exposed  lo  a  currtat 
of  expkseive  mixture,  the  flame  may  poetibly  p«n  so  rapidly  as  not  to  be 
eooled  below  the  point  of  ignition^  and  in  that  case  an  accident  might  oocor 
with  a  lamp  which  would  be  quite  safe  in  a  calm  atmosphere.  It  has  been 
lately  shown  by  Messrs.  Upton  and  Roberts,  lamp  maDufactaners  of  this  oity« 
that  flame  in  this  way  may  be  made  to  pass  through  the  saiety.lamp  as 
oommonly  constructed;  and  I  am  satisfied,  from  having  witnessed  some 
of  their  experiments^  that  the  obaenration  is  correct  This  then  may 
aooount  for  accidents  in  coal  mines  where  the  safety-lamp  is  constantly 
employed.  An  obvious  mode  of  avoiding  such  an  evU  is  to  diminish  the 
apertures  of  the  gauze;  but  this  remedy  is  nearly  impracticable  from  the 
obstacle  which  very  fine  gauae  causes  to  the  dinosion  of  Uf  ht  A  better 
BMlhod  is  to  surround  the  common  safety-lamp  with  a  glass  cylinder,  allow, 
iog"  air  to  enter  solely  at  the  bottom  of  the  lamp  through  wire  gaose  of 
extreme  fineness,  placed  hcHtaontally,  and  to  escape  at  top  b^  a  simitar  ccn^ 
trivanoe.  Upton  and  Roberts  have  constructed  a  lamp  of  this  kind,  through 
which  I  have  in  vain  tried  to  cause  the  commimication  of  flame,  and  which 
appears  to  me  perfect!  v  secure :  in  case  an  accident  should  break  the  glass, 
the  lamp  wcrald  be  reduced  to  a  safety -lamp  of  the  common  construction. 
Davy*s  lamp  thus  modified  gives  a  much  better  light  than  without, the  glass, 
just  as  all  lamps  bum  better  with  a  shade  than  without  one. 

Ol^nt  Oiu. — ^This  gas  was  discovered  in  1796  by  some  associated 
Dutch  chemists,  who  gave  it  the  name  of  oUfiant  ga$t  from  its  property 
of  forming  an  oil-like  liquid  with  chlorine.  It  is  sometimes,  but  very 
improperly,  called  bicarburetted  or  percarburetted  hydrogen,  llie  ratio  of 
its  elements  bein^  as  one  to  one  so|(gests  the  term  carburet  of  hydrogen;  but 
this  docs  not  indicate  that  two  equivalents  of  carbon  are  combined  with  two 
eq.  of  hydrogen  to  form  one  eq.  of  the  gasu  Perhaps  the  expression  J 
carburet  of  hydrogen  wiU  adequately  express  this,  a  principle  of  nomencla- 
ture already  adopted  by  some  of  the  German  chemists. 

Olefiant  gas  is  prepared  bv  mixing  in  a  capacious  retort  six  measures  of 
strong  alcohol  with  twelve  of^ concentrated  sulphuric  acid,  and  heating  the 
mixture,  as  soon  as  it  is  made,  by  means  of  an  Argand  lamp.  The  acid 
soon  acts  upon  the  alcohd,  efi^rvescence  ensues,  and  olefiant  gas  passes 
over.  The  chemical  changes  which  take  place  are  of  a  complicated  nature, 
and  the  products  numerous.  At  the  commencement  of  the  process,  the 
olefiant  gas  is  mixed  onlv  with  a  little  ether ;  but  in  a  short  time  the  sdu- 
tioQ  becomes  dark,  the  formation  of  ether  declines,  and  the  odour  of  sul- 
phurous acid  begins  to  be  perceptible :  towards  the  close  of  the  operation, 
though  olefiant  gas  is  still  the  chief  product,  sulphurous  acid  is  freely  dis- 
engaged, some  carbonic  add  is  formed,  and  charcoal  in  large  quantity  depo- 
aited.  The  (defiant  m  may  be  collected  eitlier  over  water  or'  mercury. 
The  greater  part  t^  um  ether  condenses  spontaneously,  and  the  solphnroos 
and  carbonic  acids  may  be  separated  by  washing  the  gas  with  lime-water, 
or  a  solution  of  pore  potassa. 

The  olefiant  gas  in  this  process  is  derived  solely  fi^m  the  alcohol ;  and 
its  production  is  owing  to  the  strong  affinity  of  sulphuric  acid  for  water. 
Aloohcd  is  oomposeil  of  carbon,  hydrogen,  and  oxygen;  and  from  the  pro- 
portion of  its  elements  it  is  inferred  to  be  a  compound  of  14  24  parts  or  one 
equivalent  of  olefiant  gas,  united  with  9  parts  or  one  equivalent  of  water. 
It  is  only  neoessary,  Uierefore,  in  order  to  obtain  olefiant  gas,  to  deprive  al* 
eobol  of  the  water  which  is  essential  to  its  constitution ;  and  this  is  effected 
by  suljAuric  acid.  The  formation  of  ether,  which  occurs  at  the  same  time, 
win  be  explained  hereafter.  The  ether  phenomena  are  altogether  ejt- 
traneous.  They  almost  always  ensue  when  sobstanees  derived  from  the 
animal  and  vegetable  kingdoms  are  subjected  to  the  action  of  sulphurio 


850  ooMpovNiM  or  htdbookh  Aim  carbok. 

a  sweet  taste  and  aromatic  odour.  It  sinks  rSpidly  in  strong  salpbaric  acid. 
It  is  fosed  by  heat,  and  then  sublimed  without  change,  condensing  into 
crystals,  which  are  either  tabular  or  prismatic.  On  exposure  to  strong  heat, 
it  is  decomposed,  and  iodine  escspes.  It  bums,  if  held  in  the  flame  of  a 
spirit-lamp,  with  evolution  of  iodine  and  some  hydriodic  acid.  It  is  insolu- 
ble both  in  water  and  acid  or  slkaline  solutions.  Alcohol  and  ether  dissolve 
It,  and  on  evaporating  the  solution  it  crystallizes. 

Iodide  of  hydrocarbon  is  composed,  according  to  the  snalysis  of  Mr.  Fara- 
day, of  126.3  parts  or  one  equivalent  of  iodine,  and  1424  parts,  or  one  eqoi- 
vaJent  of  defiant  gas.    (Quarterly  Journal  of  Science,  ziii.) 

Bromide  of  Hydrocarbon. — ^This  compound  was  formed  by  SeruUas,  by 
adding  one  part  of  the  iodide  of  hydrocarbon  to  two  parts  of  bromine  oon- 
tained  in  s  glass  tube.  Instantaneous  reaction  ensues,  attended  with  dis- 
engagement  of  heat  and  a  hissing  noise,  and  two  compounds,  the  bromide  of 
iodine  and  a  liquid  bromide  of  hydrocarbon,  are  generated.  By  means  of 
water  the  former  is  dissolved ;  while  the  latter,  coloured  bv  bromine,  collects 
at  the  bottom  of  Uie  liquid.  The  decoloration  is  then  effected  by  means  of 
eaustic  potassa.  In  order  that  the  process  should  succeed,  the  iodide  of  hy- 
drocarbon must  not  be  in  excess. 

'Bromide  of  hydrocarbon,  after  being  washed  with  a  solution  of  potassa,  is 
colourless,  heavier  than  water,  very  volatile,  of  a  penetrating  ethereal  odour, 
and  of  an  exceedingly  sweet  taste,  which  it  communicates  to  water  in  which 
it  is  placed,  in  consequence  of  being  slightly  soluble  in  that  liquid.  It  be- 
comes solid  at  a  temperature  between  21^  and  23°  F.  This  compound  is 
identical  with  that  which  M.  Balard  formed  by  letting  a  drop  of  bromine 
fidl  into  a  flask  full  of  defiant  gas.    (An.  de  Ch.  et  de  Physique,  xxxiv.) 

Elherine. — ^The  substance  to  which  this  name  is  now  applied  was  first 
detained  and  examined  by  Mr.  Faraday.  (An.  of  Phil.  xxviL  44.)  In  the 
process  of  compressing  oil  gas  in  strong  copper  globes  for  the  supply  of  port> 
able  ffas,  the  gas  is  subjected  to  a  prcssortf  equal  to  30  atmospheres,  and  a 
volatile  liquid  collects,  derived  from  inflammable  vapours  which  were  difl 
fused  through  the  gas.  This  liquid,  when  recently  collected,  boils  at  60°. 
On  simply  heating  it  by  the  hand,  and  conducting  the  vapour  through  tubes 
cooled  to  0°  by  a  freezing  mixture,  the  etherine  is  obtained  in  the  form  of  a 
highly  volatile  liquid,  which  boils  b^  slight  elevation  of  temperature,  and 
before  the  thermometer  rises  to  32°  is  wholly  reconverted  into  vapour.  It 
derives  its  name  fi-om  being  considered  as  an  essential  constituent  of  the 
ethers. 

The  vapour  of  etherine  is  highly  combustible,  and  burns  with  a  brilliant 
flame,  yielding  carbonic  acid  and  water.  On  being  cooled  to  0°  it  is  again 
condensed  into  a  liquid,  the  density  of  which  at  54°  (being  kept  liquid  by 
the  pressure  of  its  own  vapour  in  a  tube  hermetically  sealed)  is  0.627 ;  so 
that  among  solids  and  liquids  it  is  the  lightest  body  known. 

Etherine  is  sparingly  dissolved  by  water ;  but  alcohol  takes  it  up  in  large 
quantity,  and  the  solution  effervesces  by  dilution  with  water.  Alkalies  and 
hydrochloric  acid  do  not  affect  it  Sulphuric  acid  absorbs  more  than  100 
times  its  volume  of  the  vapour,  yielding  a  dark-coloured  solution,  but  with* 
out  evolution  of  sulphurous  acid. 

From  the  analysis  of  the  vapour  of  etherine,  made  by  detonating  it  with 
oxygen  gas,  Faraday  infers  that  each  volume  requires  six  of  oxygen  for  com- 
plete combustion,  and  yields  four  volumes  of  carbonic  acid.  Hence,  lOQ 
cubic  inches  of  the  vapour  contain  400  of  the  vapour  of  carbon,  and  ^0  of 
hydrogen  gas ;  and  since 

Grain*. 
400  cubic  inches  of  carbon  vapour  weigh  .  52.2856 
400  **  hydrogen  gas    .        .        .  8.5468 


100  **  etherine  vapour  should  weigh    60.8324 

These  weights  are  in  the  ratio  24.48  or  four  equivalents  of  carbon  to  4  or 
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fbur  eq.  of  hydrogen,  beings  the  compontion  already  |^ven  in  the  table, 
density  of  its  vapour  should  be  1.9616,  while  Mr.  Faradayfovnd  it 
1.91  by  obsenration. 

Biearburtt  of  Ihfdrogtn, — This  compound  was  obtained  by  Faraday 
the  same  oil  gas  liquid  which  yielded  etherine.  As  soon  as  the  more 
tile  parts  are  dissipated,  which  happens  before  one.tenth  is  thrown  ofl 
point  of  ebullition  rises  to  100^ ;  and  it  gradually  ascends  to  250°  befoj 
the  liquid  is  volatilized,  indicating  the  presence  of  two  or  more  compo 
diflering  in  volatility.  It  was  remarked  that  the  boiling  point  was  i 
constant  between  176^  and  190°  than  at  any  other  temperature ;  and  oi: 
'  lecting  the  liquid  which  came  over  at  that  part  of  the  process,  distillini 
peatedlyt  and  employing  a  cold  of  0°,  he  succeeded  in  obtaining  a  subst 
of  invariable  character,  to  which  he  applied  the  name  ofbicar^rel  of  Aj 
^en,  expressive  of  the  ratio  of  its  elements  though  not  of  their  quantity, 

Bicarburet  of  hydrogen,  at  common  temperatures,  is  a  colourless  trar 
rent  liquid,  which  smells  like  oil  gas,  and  has  also  a  slight  odour  of  almc 
lU  specific  gravity  is  nearly  0.85  at  60^^  F.  At  32^  it  is  congealed, 
ferms  dendritic  crystak  on  the  sides  of  the  glass.  At  zero  it  is  transpai 
brittle,  and  pulverulent,  and  is  nearly  as  hard  as  loaf-sugar.  When  exp 
to  the  air  at  the  ordinary  temperature  it  evaporates,  and  boils  at  186°. 
density  of  its  vapour  at  60^,  and  when  the  barometer  stands  at  29^8  im 
is  nearly  2.7760. 

Bicarburet  of  hydrogen  is  very  slightly  soluble  in  water ;  but  it  dissc 
ireely  in  6zed  and  volatile  oik,  in  ether,  and  in  alcohol,  and  the  alcol 
solution  is  precipitated  by  water.  It  is  not  acted  on  by  alkalies.  It  is  < 
bustible,  and  boms  with  a  bright  flame  and  much  smoke.  Whegu  admj 
to  oxygen  gas,  so  much  vapour  rises  as  to  make  a  powerfully  detona 
mixture.  Potassium  heated  in  it  does  not  lose  its  lustre.  On  passing 
vapour  through  a  red-hot  tube,  it  gradually  depositee  charcoal,  and  yi 
carburetted  hydrogen  gas.  Chlorine,  by  the  aid  of  sunshine,  decompo8< 
with  evolution  of  hydrochloric  acid.  Two  triple  compounds  of  chloi 
carbon,  and  hvdro^n  are  formed  at  the  same  time,  one  of  which  is  a  c 
talUne  solid,  the  outer  a  dense  thick  fluid. 

Bicarburet  of  hydrogen  was  analyzed  in  two  ways.  In  the  first,  its  vaj 
was  passed  over  oxide  of  copper  heated  to  redness  ;  and  in  the  second,  it 
detonated  with  oxygen  gas.  Carbonic  acid  and  water  were  the  sole 
ducts:  and  as  the  absence  of  oxygen  is  established  by  the  inaction  of  p: 
eium,  it  follows  that  the  bicarburet  consists  of  carbon  and  hydrogen  '  i 
Mr.  Faraday  infers  from  his  analyses,  that  100  measures  of  the  inflamo  i 
vapour  require  750  of  oxygen  for  complete  combustion ;  that  150  mea  i 
of  oxygen  unite  with  300  hydrogen;  and  that  the  remaining.  600  con  I 
with  600  of  the  vapour  of  carbon,  forming  600  measures  of  carbonic  i 
gas.    Hence,  as 

600  eobie  inches  of  carbon  vapour  weigh 

300    .  .  hydrogen  gas  •        - 

100    .  -  bicarburet  vapour  should  weigh     84.8385 

The  ratio  of  these  weights  is  36.72  or  six  eq.  of  carbon  to  3  or  threi 
hydrogen  as  already  stated.  The  calculated  density  is  2.7357,  which 
agrees  with  the  experimental  number. 

Paraffine^ — ^This  substance  was  discovered  about  the  same  time 
Reichenbach  in  Af  oravia,  and  by  Dr.  Christison.  The  latter  obtain< 
distillation  from  the  petroleum  of  Rangoon,  and  in  1831  read  a  noti< 
before  the  Royal  Society  of  Edinburgh  under  the  name  of  petroU 
former  procured  it  by  distilling  tar  derived  fVom  the  igneous  decom 
of  vegetable  matter,  especially  of  beech  wood^  and  applied  to  it  th 
under  which  it  has  become  known,  compounded  of  |wrwiii  q/^nts,  lit 
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to  denote  tiie  remarkable  dieniica]  indiflbrenoe  wkich  is  if  •  eharaderirtic 

ftatore.    (An.  de  Ch.  et  de  Ph.  1.  6».) 

In  diftilling  beech-tar,  three  liquids  are  obtained,  the  heaviest  of  which  is 
tinctuoias  and  contains  the  paraffine.  It  is  purified  in  part  by  repeated  dis- 
tillation, and  then  heated  to  912^  with  half  its  weight  of  strong  snlphnric 
acid,  whereby  its  impurities  are  decomposed,  and  me  paraffine  collects  on 
cooling  as  a  cake  on  the  surface :  for  its  more  complete  sepsration  the  acid 
should  be  kept  at  112°  for  some  hours.  The  paraffine  is  then  removed, 
washed  with  water,  pressed  witliin  folds  of  blotttnpr  peper,  in  order  to  im- 
bibe  some  adhering  oil,  and  is  then  dissdred  in  boilmg  very  strong  alcohol, 
out  of  whidi  it  crystallizes  in  cooling. 

Paraffine  at  common  temperatures  is  a  rather  firm  solid,  of  density  0«67, 
fatty  in  aspect,  is  tasteless  and  inodorous,  and  separates  from  its  alcoholic 
solution  in  thin  lamine  of  a  lustre  and  appearance  very  like  chdesterine. 
At  IIP  it  fuses  into  a  colourless  oily  liquid,  and  rises  in  vapour,  csvaporat- 
in£  without  change.  It  is  inflammable  like  the  fats,  and  burns  with  a  pare 
white  flame,  yielding  carbonic  scid  and  water. 

Paraffine  resists  the  action  of  all  the  acids,  the  alkalies,  and  chlorine,  and 
may  be  fused  witliout  change.  Fusion  with  camphor,  naphthaline,  and  pitch 
causes  no  action ;  but  it  unites  with  stearine,  oetine,  and  wax,  wlien  Aised 
with  them.  Its  best  solvents  are  spirit  of  turpentine  and  naphtha,  which  die- 
solve  it  even  in  the  cold ;  and  the  &t  oils  take  it  up  readily  by  the  aid  of 
heat 

According  to  an  analysis  by  J.  Gray-Lussac,  its  sole  elements  are  carbon 
and  hydrogen,  in  the  same  ratio  as  in  defiant  ^s;  but  as  neither  its 
equivalent  nor  the  density  of  its  vspour  arc  known,  i\a  atomic  constitution  ii 
nndetermined. 

Eiupione. — ^This  substance,  discovered  and  described  hv  Dr.  Reichenbaeh 
at  the  same  time  as  paraffine,  derives  its  name  from  w  well,  and  wt^v  grttsf, 
belnff  analogous  to  oils  in  greasiness  to  paper  and  inflammability,  though  a 
mnch  more  perfect  liquid,  bein^  as  limpid  as  alcohol.  It  has  no  tsste, 
colour,  or  odour,  retains  its  liquid  form  at-^°,  has  a  density  of  0.74,  and 
boils  at  339°,  evaporating  without  change  or  residue.  In  water  it  is  inmln- 
ble;  but  it  dissolves  in  ether,  spirit  of  turpentine,  naphtha,  almond  oil,  bisal- 
phuret  of  carbon,  and  alcohol.  The  latter  is  its  best  sdvent :  100  parts  of 
enpione  dissolve  in  33  of  absdote  alcohol  at  63°,  and  in  every  proportion  with 
the  ud  of  heat  When  kindled  it  burns  with  a  lively  flame,  without  smoke, 
and  carbonic  acid  and  water  are  ito  sole  producte. 

Eupione  dissolves  camphor,  stearinei  oetine,  chdesterine,  naphthaline,  and 
paraffine,  especially  when  heated.  It  also  dissdv^  chlorine,  bromine,  and 
iodine ;  but  they  are  expelled  by  heat^  and  leave  the  eupione  oncbanged.  It 
is  not  altered  by  exposure  to  the  air,  nor  is  it  attacked  by  potassium,  by  the 
strong  acids,  or  by  the  pure  alkalies. 

Eupione  is  associated  with  paraffine  in  animal  and  vegetoble  tar,  being 
most  abundant  in  the  former,  as  paraffine  is  in  the  latter.  It  is  beet  pre- 
pared by  distillation  from  the  tar  derived  from  bones  or  horn,  and  is  purified  by 
repeated  distillation  from  strong  sulphuric  acid.  After  being  washed  with 
an  alkaline  sdution  to  remove  adhering  acid,  ite  only  remaining  impu- 
rity is  paraffine,  the  greater  part  of  which  crystallizes  under  a  cold  of  0°. 
The  separation  may  also  be  eflected  by  means  of  alcohol,  and  by  cautious 
distillation  along  with  water«  since  eupione  is  more  soluble  in  alcohol  and 
more  volatile  than  paraffine.    (An.  de  Ch.  et  de  Ph.  i.  60.) 

The  composition  of  eupione  has  not  been  determined.  Judging  from  ite 
properties  it  must  be  a  compound  of  carbon  and  hydrogen,  and  propady 
diTOTs  from  paraffine  only  in  containing  a  smaller  proportion  of  carbon. 

i^ajikAa.-*~Thi8  name,  from  the  Greek  r«^9«,  is  applied  to  a  volatile  lim- 

C'd  lujuid,  of  a  strong  peculiar  odour,  and  generally  of  a  light  yellow  cdour ; 
It  it  may  be  rendered  colourless  by  carefuldistillation.  Ite  specific  gravity, 
when  highly  rectified,  is  0.753  at  61°  F.  It  is  very  inflammable*  and  burns 
with  a  white  flame  mixed  with  much  smoke.  In  a  platinum  vessd  it  begins 
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to  boil  at  158^  F^  but  the  thermometer  is  not  atatiiMMiyimta  it  roaches  199^^: 
ita  vapoar  has  a  density  of  3.833.  (Saussnre.)  It  retains  its  liquid  form  at  (P, 
It  is  insoluble  in  water,  but  unites  in  OTery  proportion  with  abeolute  alcohol, 
sulphuric  ether,  petroleum,  and  oils.  By  exposure  to  the  air,  it  slowly 
abstorbs  ozy^ren,  and  at  the  same  time  gives  out  a  little  carbonic  acid.  The 
oxygen  found  in  some  specimens  of  naphtha  u  probably  derived  from  this 
•ouroe.  (An.  de  Ch.  et  de  Ph.  xlix.  240.) 

When  spirit  of  turpentine  is  deprived  of  all  absorbed  oxygen  by  the  action 
of  potassium,  and  is  then  careAilly  distilled,  it  is  found  to  possess  the  lece^- 
nixed  properties  of  naphtha,  and  to  consist  solely  of  carbon  and  hydrogen  m 
the  ratio  of  six  eq.  to  five,  a  result  formerly  obtained  by  Saussure,  and  lately 
eonfirmed  by  Dumas.    (An.  de  Ch.  et  de  Ph.  1.  33a) 

Hence,  regarding  100  measures  of  naphtha  vapour  to  contain  €00  measures 
of  carbon  vapour  and  500  of  hydrogen  gas,  then  as 

Grains. 
600  cubic  inches  of  carbon  vapour  weigh  .  .  78.4284 
500        .        .  hydrogen  gas  .        .        10.6835 

100  naphtha  vapour  should  weigh  .        89.1119 

A  vapour  so  constituted  should  have  a  density  of  2^8735,  which  accords 
closely  with  that  found  by  Saussure. 

Naphtha  occurs  in  some  parts  of  Italy,  and  on  the  banks  of  the  Caspian 
sea :  the  specimen  examined  bv  Saussure  was  from  Amiano  in  the  duchy  of 
Parma.  It  is  an  ingredient  of  the  dark  Mtominons  liquid  called  petroleum, 
and  may  be  obtained  from  it  by  distillation.  Coal-tar  yields  by  distillation  a 
liquid  rery  similar  to  mineral  naphtha,  and  to  all  appearance  identical  with 
it;  and  the  least  vdatile  parts  of  the  ml-gas  liquor  (page  251)  appear  to 
consist  principally  of  naphtha. 

Naptihaline^ — ^Tbis  substance  ii  one  of  the  products  of  the  destructive  dui- 
tjllation  of  coal,  and  is  contained  along  with  naphtha  in  coal-tar.  On 
distilling  this  matter  by  a  very  gentle  heat,  the  naphtha  passes  over ;  and 
afierwanis  tbe  less  volatile  naphthaline  rises  in  vapour,  and  condenses  as  a 
white  crystalline  solid  in  toe  neck  of  the  retort  It  was  first  noticed  in 
1820  by  Mr.  Garden  of  Oxford-street,  and  afterwards  described  by  Dr. 
Kid  and  Mr.  Chamberlain.    (Annals  of  PhiL  xv.  74,  xix.  143,  and  xxii.  103.) 

Pure  naphthaline  is  heavier  than  water,  has  a  pungent  aromatic  taste,  and 
a  peculiar,  faintly  aromatic,  odour,  not  unlike  ttiat  of  the  narcissus.  It  is 
smooth  and  unctuous  to  the  touch,  is  perfectly  white,  and  has  a  silvery 
lustre.  It  fuses  at  180^,  and  assumes  a  crystalline  texture  in  cooling.  It 
volatilizes  slowly  at  common  temperatures,  and  boils  at  410<'  F.,  crystal- 
lizing as  it  condenses  with  remarkable  frcility  in  thin  transparent  laminn. 

Naphthaline  is  not  very  readily  inflamed ;  but  when  set  on  fire  it  bums 
rapidly,  and  emits  a  large  quantity  of  smoke.  It  is  insoluble  in  cold,  and 
very  sparingly  dissolved  by  hot  water.  Its  proper  solvents  are  alcohol  and 
ether,  especially  the  latter :  its  solubility  is  increased  by  heat,  and  it  sepa. 
rates  in  a  crystalline  state  by  coolinjr  or  evaporation.  It  u  also  soluble  in 
olive  oil,  spirit  of  turpentbie,  and  naphtha.  To  test  paper,  it  manifests  nei. 
ther  acidity  nor  alkalinity.  Alkalies  do  not  act  upon  it  The  acetic  and 
oxalic  acids  dissolve  it,  forming  pink-coloured  solutions;  hot  hydrochloric 
add  dissolves  it  sparingly ;  and  when  boiled  with  nitric  acid,  the  naphthaline 
is  altered,  and  the  acid  decomposed.  With  sulphuric  acid  it  enters  into 
direct  combination,  forming  a  peculiar  acid,  the  §uipkenapkthaUe,  discovered 
by  Mr.  Faraday.  (Phil.  Trans.  1826.) 

According  to  Dr.  Oppermann,  the  elements  of  naphthaline  are  in  the  ratio 
of  one  eq.  of  hydrogen  to  three  eq.  of  carboxi,  (Pog.  Annalen,  xxiii.  303,);  but 
from  the  experiments  on  suli^onaphthalio  acid  by  Faraday,  whose  results  have 
been  confirmed  by  Liebig  and  Wohler,  and  from  a  late  analysis  of  naphthaline 
by  M.  Laurent,  it  consists  of  carbon  and  hydrogen  in  the  ratio  of  twenty  eq.  to 
eight  eqn  or  of  ten  to  four.    On  tbe  hypothesis  that  100  measures  of  naph- 
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thdiiM  TAponr  oootain  1000  vamaant  of  carbon  Tapoor  and  400  of  hydrogen 
fas,  tboD,  ainoB 

Grains. 

1000  cobicincbes  of  carbon  vapoar  weigh  .        130.7140 

400        .  hydrogen  gas  .  a5468 

100        .        .        naphthaline  vapour  ahould  weigh        139:2008 

A  vaponr  ao  oonatitated  would  have  a  denrity  of  4.4906;  whereaa  the 
denaity  of  naphthaline,  aa  found  experimentally  by  Diunaa,  ia  4J586^  thus 
ooliiirming  the  iongomg  hypotheaia. 

Sulphonaphihalie  ^etd.— Tbia  acid  ia  made  by  melting  naphthaline  with 
half  ita  vraight  of  atrong  anlphurie  acid,  when  a  red'^olouiid  liqmd  is  formed, 
which  beoomea  a  orystalline  solid  in  oooline.  The  mass  is  soluble  in  water, 
and  the  solution  contains  a  mixture  of  solphnric  and  solphonaphthalic  acids. 
Qn^  neutralizing  with  carbonate  of  bary  tii,  the  insoluble  sulphate  subsides, 
while  the  soluue  sulphonaphthalate  remains  in  solution ;  and  on  deoompoS' 
ing  this  salt  by  a  quantity  of  sulphuric  acid  precisely  sufficient  &r 
precipitatiDg  the  baryta,  pure  sulphonaphthalie  acid  is  obtamed. 

The  aqueous  solution  of  the  acid,  as  thus  formed,  reddens  litmus  paper 

Sweriully,  and  has  a  bitter  add  taste.  On  concentrating  hv  heat,  the 
uid  at  Lut  acquires  a  brown  tint,  and  if  then  taken  from  me  fire  becomes 
id  as  it  cools.  If  the  eonoentration  is  effected  by  means  of  solphnric  acid 
in  an  ezhaosted  receiver,  the  acid  beoomea  a  soft  white  solid,  apparently  dry, 
and  at  length  hard  and  brittk.  In  this  state  it  is  chemically  united  wiu 
water,  and  deliquesces  on  exposure  to  the  air ;  but  in  close  vessels  it  under- 
goes no  change  during  several  months.  Its  taate,  besides  being  bitter  and 
aour,  leaves  a  metallic  flavour  like  that  of  cupreoua  calts.  When  heated  In  a 
tube  at  temperatures  below  212°,  it  is  fused  without  undergoing  any  <yther 
change,  and  crystallizes  from  centres  in  coc»Iing.  When  more  strongly 
heatd,  water  is  expelled  and  the  acid  appean  to  be  anhydrous ;  but  at  the 
same  time  it  acquires  a  red  tint,  and  a  mint  taste  of  free  sulphuric  acid  may 
be  detected,— circumstances  wfaich  indicate  commencing  decomposition.  On 
raising  the  temperature  still  higher,  the  red  colour  fint  deepens,  then  passes 
into  brown,  and  at  length  the  acid  is  resolved  into  naphthaline,  sulphurous 
add,  and  charcoal;  but  in  order  thus  to  decompose  all  the  acid, a  red  heat  is 
requisite. 

Sulphonaphthalie  add  b  readily  soluble  in  water  and  alcohol,  and  is  also 
dissolved  b^  oil  of  turpentine  and  olive  oil,  in  proportions  dependent  on  the 
Quantity  of  water  which  it  contains.  By  the  aid  of  heat  it  unitee  with  naph. 
ualine.  It  combines  with  alkaline  bases,  and  forms  neutral  salts,  which 
are  eaiXM  9uiphomphihalate9.  All  these  salta  are  soluble  in  water,  and  most 
of  them  in  alcohol,  and  when  exposed  to  heat  in  the  open  air,  take  fire, 
leaving  sulphates  or  sulpburets  according  to  circumstances. 

From  Mr.  Faraday's  analysis  of  the  neutral  sulphonaphthalate  of  baryta, 
it  appeara  that  76.7  parts  or  one  equivalent  of  baryta  are  combined  with 
310.6  parts,  or  what  may  be  regarded  as  one  equivalent,  of  sulphonaphthalie 
add.  These  210.6  parU  were  found  to  consist  nearly  of  80i2  parts  or  two 
ej.  of  sulphuric  acid,  122.4  parte  or  twenty  eq.  of  carbon,  and  8  parte  or 
d|^t  eq.  of  hvdrogen.  It  has  not  been  demonstrated  that  sulphuric  acid 
eziste  as  such  is  the  compound,  nor  is  it  known  how  ito  elemente  are  ar- 
ranged; but  from  some  intorestmg  focte  noticed  by  Mr.  Hennel  and  othera, 
to  be  mentioned  in  the  section  on  ether,  it  appean  very  probable  that  sul- 
phonaphthalie add  is  a  direct  compound  of  sulphuric  addt  and  naphthaline. 

Chloride  of  Naphthaline^—Whon  a  current  of  dir  chlorine  gas  acta  at 
common  temperatures  on  naphthaline,  heat  ia  emitted,  the  mass  fuses, 
hydrochloric  add  gss  escapes,  and  at  length,  after  the  full  action  of  chlorine, 
a  semi-fluid  substance  is  left,  which  oontains  two  chlorides,  one  solid  and 
the  other  liquid.  On  agiteting  with  successive  portions  of  cdd  etiier,  the 
latter  ia  dissolved,  and  the  former  obtained  in  a  pure  state. 
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The  solid  eUoride  is  iasoloble  io  wster,  and  nearly  so  in  hot  aloobolt  bat 
may  be  dissolved,  though  not  freely,  b^  boilin|r  ether,  from  which  it  sepa- 
rates  on  oooliof  in  transparent  rhomboidal  lanine  of  a  Titreous  loitre.  At 
390^  it  fuses,  and^  at  a  higher  temperature  boils  and  is  decomposed;  but 
cautioosly  heated  in  a  current  of  air,  it  may  be  distilled  without  change. 
The  Strang  adds  do  not  act  upon  it ;  nor  is  it  decomposed  1^  a  solution  of 
pore  potassa  except  when  heated  with  it 

The  liquid  chloride  is  obtained  by  evaporating  its  ethereal  solution.  It 
has  the  aspect  of  an  oil,  is  of  a  light  yellow  colour,  and  sinks  in  water,  in 
which  it  is  insoluble.  Alcohol  reiuiily  dissolves  it,  and  ether  still  more  free- 
ly. It  may  be  distilled  without  decomposition,  and  siiSers  little  from  the 
action  of  acids  and  alkalies. 

The  preceding  &cts  were  observed  by  M.  Laurent  (An.  de  Ch.  et  de 
Ph.  lit.  275.)  From  his  analysis  the  soUd  chloride  consists  of  70.64  parU 
or  two  eq.  of  chlorine,  united  with  a  carburet  of  hydrogen  composed  of  61i^ 
parts  or  ten  eq,  of  carbon,  and  3  parts  or  three  eq.  of  hydrogen ;  as  ezpres»> 
ed  by  the  formnU  H'  C^o+^l'*  I'be  liquid  chloride  was  found  to  eontain 
35.42  parts  or  erne  eq.  of  chlorine,  61.2  or  ten  eq.  of  carbon,  and  4  parts  or 
four  eq.  of  hydrogen,  being  the  ingredients  of  chloride  of  naphthaline,  of 
which  the  formula  is  H«  C^o^-Cl.  Some  doubt  may,  however,  be  entertain- 
ed of  its  real  composition,  since  the  liquid  chloride  is  apt  to  contain  some  of 
the  solid  compound  in  solution. 

Paranaphihalifie» — ^This  substance  is  so  called  from  fra^n  near  to,  because 
it  is  very  closely  allied  to  naphthaline  both  in  chemical  properties  and  com- 
Ijosition,  is  associated  with  it  in  coal-tar,  and  obtained  by  the  same  process. 
f  less  volstile  than  n^thaltne  it  comes  over  in  the  afbr  part  of  the 
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Paranaphthaline  fuses  at  356^,  and  boils  at  a  heat  beyond  572^,  being 
partly  deeompoeed  at  the  same  rate.  It  is  insoluble  in  water,  and  nearly  so 
in  aloohd  and  ether.  Its  best  solvent  is  spirit  of  turpentine.  The  density 
of  iti  vapour  is  &741,  and  its  elements  are  in  the  same  ratio  as  in  naphtha- 
line; whence  it  is  thought  to  consist  of  1500  measures  of  carbon  vapour  and 
600  of  hydrogen  gas  condensed  into  100  measures.  A  vapour  so  ooostituted 
should  have  a  density  of  6.7359. 

These  &ets  were  observed  bv  Dumas  and  Laurent  (An.  de  Ch.  et  de  Ph. 
L  187.)  In  a  critique  on  their  essay  Reichenbach  states  that  paranaphtha- 
line was  obtained  some  years  ago  by  Vogel,  and  that  it  is  a  mixture  of  pa* 
raffine  and  naphthaline.    (Pog.  Annalen,  xzviiL  484) 

/drialiiie.-- This  substance  was  obtained  by  Dumas  from  a  mineral  from 
the  quicksilver  mines  at  Idria  in  Camida,  whence  he  applied  to  it  the  name 
of  iarialiiu.  In  its  properties  it  is  very  similar  to  paranaphthaline,  but  is 
less  fusible  and  less  voktile.  In  order  to  subiime  it  unchanged,  it  must  be 
heated  in  a  current  of  carbonic  add  gas.  It  is  insoluble  in  water,  and  very 
sparingly  soluble  in  alcohol  and  ether;  but  boiling  spirit  of  turpentine  takes 
it  op  and  depositee  it  again  rapidly  as  it  cools.  Hot  sulphuric  acid  dissolves 
it,  and  aequires  at  the  same  time  a  beautiful  blue  tint,  like  sulphate  of  in- 
digo, an  appearance  whieh  is  characteristic  of  idrialine.  Respecting  its 
composition  nothing  farther  is  known  than  that  it  consists  of  carbon  and 
hydrogen  in  the  ratio  of  three  eq.  of  the  former  to  one  eq.  of  the  latter.  (An. 
de  Ch.  et  de  Ph.  1. 198.) 

Camphene. — ^From  late  researches  by  Dumas,  it  appears  that  several  of 
the  volatile  oils  oonsist  essentially  of  compounds  of  carbon  and  hTdrogen, 
whieh  are  eapaUe,  like  cyanogen,  of  uniting  sueoessWely  with  other  sub- 
atanoes,  without  undergoing  any  ohange  in  their  own  constitution.  The 
oompoand  which  he  has  principally  examined  is  the  baab  of  camphor,  hence 
ealled  omapAs^sn  or  sMpftene,  which  appears  to  exist  in  tnrpentine.  From 
m  sample  of  titfpentine  boUeved  to  have  been  brought  from  Savoy  or  Switaer- 
land,  Dumas  distilled  off  an  essence  or  vohitUe  oil,  which  he  supposes  to  be 
camphene  in  a  state  of  purity;  it  is,  in  fact,  a  very  pure  esMnee  of  tnrpen- 
tiiiO.  cOmkmi  Jlilipld,  yohtMe,  inO^mmahle,  and  possessed  of  the  character- 
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iatic  odour  of  that  liquid.  Its  haXUng  point  b  313<'  F.  From  the  density  of 
its  vapour  and  the  ratio  of  its  eSements,  Dumas  infers  that  100  measures  of 
camphene  vapour  contain  1000  measures  of  carbon  vapour  and  800  of  hydro- 
gen gas ;  so  that  since 

Grains. 

1000  cubic  inches  ofcarbon  vapour  weigh  130.7140 

800        do.  hydrogen  gas    ....  17.0936 

100  cubic  inches  of  camphene  vapour  should  weigh         147.8076 

The  weights  130.7140  and  17.0936  are  in  the  ratio  of  612  parts  or  ten  eq. 
ofcarbon,  to  8  parts  or  eight  eq.  of  hydrogen,  as  indicated  by  the  formula 
H«  Cto.  The  density  of  its  vapour  should  be  10  X  0.4215  or  4215  +  8  X 
0.0689  or  0.5513s4.7662,  which  agrees  with  observation. 
^  Camphene  unites  with  oxygen  in  two  proportions,  and  gives  rise  to  camphor 
and  camphoric  acid ;  and  wim  hydrochloric  acid  it  yielas  a  perfectly  neutral 
compound  called  afi\jfieial  camphor.  These  compounds,  which  will  be  de- 
scribed hereafter,  are  thus  constituted:   (An.  de  Ch.  et  de  Ph.  L  225.) 

Camphene.  Equiv.     Formula;. 

Camphor       .        69.2  leq.+ Oxygen    8       leq.=3  77.2    H«Cio+0 
Camphoric  acid    138.4  2  eq.+    ditto     40       5eq.=17a4    2H8Cio+50 
ArUBcial  camphor  69.2  1  eq.+ Hyd.  ac  36.42  leq.=105.62  HsCio+Ha. 

Ci^renc^This  substance  is  so  called  from  being  the  essential  and  almost 
sole  ingredient  of  the  volatile  oil  of  lemons.  Its  elementi  are  in  exactly 
the  same  ratio  as  in  camfrfiene,  but  are  one-half  less  condensed ;  so  that  it 
may  be  viewed  as  a  compound  of  four  eq.  of  hydrogen  to  five  eq.  of  carbon, 
indicated  by  the  formula  H4C«. 

Coal  and  Oil  €ku,^The  nature  of  the  inflammable  gases  derived  from 
the  destructive  distilUtion  of  coal  and  oil  was  first  ascertained  by  Dr. 
Henry,*  who  showed,  in  several  elaborate  and  able  essays,  that  these  gaseous 

Eoducts  do  not  differ  essentially  from  each  other,  but  consist  of  a  fow  well- 
lown  compounds,  mixed  in  different  and  very  variable  proportions.  The 
chief  constituents  were  found  to  be  light  carburetted  hydrogen  and  olefiant 
gases ;  but  besides  these  ingredients,  they  contain  an  inflammable  vapour, 
free  hydrcM^en,  carbonic  acid,  carbonic  oxide,  and  nitrogen  gases.  The  dis- 
coveries of  Mr.  Faraday  have  elucidated  the  subject  stUl  further,  by  proving 
that  there  exists  in  oil  gas,  and  by  inference  in  coal  gas  also,  the  vapour  of 
several  definite  compounds  of  carbon  and  hydrogen,  ue  presence  of  which, 
for  the  purposes  of  illumination,  is  exceedingly  important 

The  illuminating  power  of  the  ingredients  of  coal  and  oil  gas  is  Tery  un- 
equal Thus  the  carbonic  oxide  and  carbonic  acid  are  positively  hurtful ; 
that  is,  the  other  gases  would  give  more  light  without  them.  The  nitrogen 
of  course  can  be  of  no  service.  The  hydrogen  is  actually  prejudicial ;  be- 
cause,  though  it  evolves  a  large  quantity  of  heat  in  burning,  it  emits  an  ex- 
ceedingly  feeble  light.  The  carburets  of  hydrogen  are  the  real  illuminating 
agents,  and  the  degree  of  light  emitted  by  these  is  dependent  on  the  quantity 
of  carbon  which  ihej  contain.  Thus  olefiant  gas  illuminates  much  more 
powerfully  than  light  carburetted  hydrogen ;  and  for  the  same  reason,  the 
dense  vapour  of  etherine  emits  a  mr  greater  quantity  of  Ught,  for  equal 
volumes,  than  olefiant  gas. 

From  these  fiusts,  it  is  obvious  that  the  comparative  illuminating  power  of 
different  kinds  of  coal  and  oil  gas  may  be  estimated,  approximately  at 
least,  by  determining  the  relative  quantities  of  the  denser  carburets  ijf  hy- 
drogen which  enter  into  their  composition.  This  may  he  done  in  three 
ways.  1.  By  their  specific  gravity.  2.  By  the  relative  quantities  of  oxygen 
required  for  their  complete  combustion.    3.  By  the  relative  quanti^  of 

*  Nicholson's  Journal  of  1805.      PhiL  Trans,  1908,  and  1821. 
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r  eondennUe  by  ohlorine in  the  dark;  fi>r  ofalotine,  wImd  ligJit 

caclnded,  oondamei  all  the  hydrooarburets,  exoeptin^  lislit  oarburettod 

h^dfqgeiL    Of  these  methode,  the  hut  ia,  I  eoooeive,  the  WMt  eKceptkia- 


bjan 
able.* 


The  fbraMtion  of  coal  and  oil  gaa  ia  a  prooeoa  of  oooBideraUe  delieaej. 
Coal  gaa  ia  pKpared  by  heating  ooal  to  xedneaa  In  iron  retofts.  The  ooalUy 
of  the  gai^  aa  made  at  different  plaoea,  or  at  the  aame  place  at  diment 
liaea,  ia  very  variable;  the  apecifie  gravity  of  acme  apecimena  having  been 
tend  8B  low  aa  0^,and  thatof  othera  aa  high  aa  0.706.  Theae  difibraneea 
ariae  in  part  from  the  nature  of  the  coal,  and  partly  from  the  mode  in  whidi 
tiie  prooeaa  ia  conducted.  The  regulation  of  the  degree  of  heat  ia  the  chief 
drcnmatance  in  the  mode  of  operating,  by  which  the  quality  of  the  pm  ia 
afibctad.  That  ita  quality  may  be  influenced  from  tma  cauae  b  obviooa 
from  the  fact,  that  all  the  denae  hvdrocarbureta  are  reaolved  by  a  atrong  red 
iieat  either  into  charcoal  and  light  carburetted  hydrogen,  or  into  charcoal 
«nd  hydrogen  gaa.  Conaequently  the  gaa  made  at  a  verv  high  temperature, 
though  its  quantity  may  be  comparatively  great,  haa  a  W  apecifie  gravity, 
and  niuminatea  feebly.  It  is,  therefore,  an  object  of  importance  that  the 
temperature  ahould  not  be  greater  than  is  required  for  deeompcaing  the  coal 
«ffectually,  and  that  the  retorts  be  ao  contrived  aa  to  prevent  the  gaa  from 
pasaing  over  »  redJiot  auriaoe  aubaequently  to  its  formation. 

Theie  remarka  apply  with  atill  greater  force  to  the  manu&ctnre  of  oil 
ffaa;  becauae  oil  ia  capable  of  yielding  a  much  larger  quantity  of  the  heavy 
nydrocarbureta  than  ooaL  The  quality  of  oil  gas  mm  the  same  material  la 
liaUe  to  such  great  variation  from  the  mode  of  manufacture,  that  the  dei^ 
mty  of  aome  specimens  haa  been  found  aa  low  aa  0.464,  and  that  of  othen 
aa  iugh  aa  1.110.  The  average  apecifie  gravity  of  oil  gaa  ia  0.900,  and  it 
flhooM  never  be  made  higher.  The  intereat  of  the  manufaoturer  iato  form  aa 
much  olefiant  gaa  aa  poaaible,  with  only  a  email  proportion  of  the  heavier 
bydrocarbureti.  If  the  latter  predominate,  the  quantity  of  gaa  derived  from 
a  given  weight  of  oil  is  greatly  diminished ;  and  a  subsequent  lose  ia  ezpe- 
rienoed  by  3ie  condensation  ik  the  inflammable  vapoura  when  the  gaa  ia 
eompreased,  or  while  it  is  circulating  through  the  diBtributinor  tubes. 

Coal  gas,  when  first  prepared,  always  contains  hydrosulphuric  add,  and 
fixr  this  reason  must  be  purified  before  being  distributed  for  burning.  Hie 
process  of  purification  conaists  in  passing  the  gaa  under  strong  preaaure 
through  milk  of  lime,  or  cauaing  it  to  descend  tluough  aucoesaive  lajera  of 
dry  hydrate  of  lime.  The  latter  method  haa  tbia  advanta^  over  the  rormer, 
that  while  it  deprives  the  gaa  completely  of  hydroaulphurio  acid,  there  i»  no 
loaa  from  abaorption  of  olefiant  gaa  or  the  heavy  hydrocarbureta,  as  enauea 
when  milk  of  lune  ia  employed.  But  coal  gas,  after  beinff  thua  purified,  stiU 
retains  some  compound  of  sulphur,  most  probably,  aa  Mr.  Brando  conjee- 


turea,  sulphnret  of  carbon,  owing  to  tbo  presence  of  which  a  minute  quan. 
tity  of  auiphnroos  acid  ia  generated  during  ita  combustion*  Oil  gaa,  on  the 
contrary,  needa  no  purification;  and  as  it  is  fi«e  from  all  oomponnda  of  aul* 
phur,  it  does  not  yield  any  sulphurous  acid  in  burning,  and  is,  therefore, 
better  fitted  for  lighting  dwelUng-houaea  than  coal  gaa. 

With  respect  to  the  relative  economy  of  the  two  gasea,  I  may  observe 
that  the  illuminating  power  of  oil  gaa,  of  specific  gravity  0.900,  ia  about 
double  that  of  coal  gaa  of  0.600.  In  coal  di8Cricti^  however,  oil  gaa  is 
fully  three  timea  the  price  of  ooal  gaa,  and,  therefore,  in  auch  aituationa,  the 
latter  ia  considerably  cheaper.  (Essay  above  quoted.) 

A  aoccesafol  attempt  haa  been  made  by  Mr.  DanieU  to  prooure  a  gaa, 
simibr  to  that  from  oil  in  being  firee  from  aulphur,  but  made  with  cheaper 
materials.    The  subatance  employed  for  this  purpoae  ia  a  adution  of  com- 

*  For  a  diaciiasion  of  this  and  other  queatiooa  relative  to  oil  and  ooal  gas, 
the  loader  may  consult  an  easav  bv  Dr.  ChristhMn  and  myaelf  in  the  Ediiir 
borgh  FhUoaophical  Joqnial  of  lw5. 
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mon  reiin  in  oil  of  turpentine.  The  oombastiUe  liquid  is  ma^le  to  drop  into 
red-hot  retorts  in  the  same  manner  as  oil ;  and  the  oil  of  turpentine,  which 
from  its  volatility  is  driTen  off  in  Tapour,  is  collected,  and  again  used  as  a 
menstnium.  For  this  process  Mr.  Daniell  has  taken  out  a  patent,  and  the 
fas  so  prepared  is  employed  for  filling  portable  lamps.  The  ra,  when  pro- 
perly  made,  is  said  to  be  of  a  very  superior  quality,  and  nearly  if  not  ouitB 
equal  to  oil  ns.  A  patent  has  also  been  taken  for  the  formation  of  gas  »om 
a  volatile  ou,  prepared  during  the  destructive  distillation  of  resin,  and  a 
manu&cture  both  of  the  oil  and  gas  is  established  at  Hammersmith,  near 
London. 


SECTION   III. 

COMPOUNDS  OF  HYDROGEN  AND  SULPHUR. 

Sulphur  unites  with  hydro^;en  in  at  least  two  proportions,  and  the  result* 
ing  compounds  are  thus  constituted : — 

Hydrogen.    Sulphur.        Equiv.    Formule. 
Hydrosulphuric  acid  1     1  eq.+16.l     1  eq.s=17.1   H+S  or  HS. 

Persulpburet  of  hydrogen        1    leq.+  32.3    2  eq.=33i2  H+2S  or  HS«. 

HydroBuJpkurie  Acid. — ^This  compound  is  also  known  under  the  name  of 
sulphuretted  hydro^n.  The  best  method  of  preparing  it,  is  by  heating  see- 
quisulphuret  of  antimony  in  a  retort,  or  other  convenient  glass  vessel,  with 
loor  or  five  times  its  weight  of  strong  hydrochloric  acid;  when,  by  an  inter- 
change  of  elements,  sesquicbloride  of  antimony  and  faydrosulphunc  acid  are 
generated,  the  latter  of  which  escapes  with  effervescence.  The  elements  con- 
cerned before  and  after  the  change,  are 

1  eq.  sesquisulphuret  of  antimony  and  3  eq.  hydrochloric  acid 
2Sb+3S  3(H-fCa) 

which  yield 

3  eq.  hydrosulphuric  acid  and  1  eq.  sesquicbloride  of  antimony. 
3(H+S)  2Sb+3CL 

It  may  also  be  fi>rmed  by  the  action  of  sulphuric  acid  diluted  with  3  or  4 
parts  of  water  on  protoeulphuret  of  iron :  this  solphuret  and  water  inter- 
change elements,  hydrosuliMiurio  acid  and  protoxide  of  iron  are  generated, 
and  we  latter  unites  wiUi  sulphuric  acid,  while  the  former  in  the  state  of  gas 
is  rapidly  disengaged.  Hydrochloric  add  may  be  substituted  fi>r  the  sul- 
phuric.  A  sulphuret  of  iron  may  be  procured  lor  the  purpose,  either  by  ig- 
niting common  iron  pyrites,  by  which  means  nearly  half  of  its  sulphur  is 
expeUed,  or  by  exposing  to  a  low  red  heat  a  mixture  of  two  parts  of  iron 
filings  and  rather  more  than  one  part  of  sulphur.  The  materials  should  be 
placed  in  a  common  earthen  or  cast-iron  crucible,  and  be  protected  as  much 
as  possible  fVom  tho  air  during  the  process.  The  solphuret  procured  from 
iron  filings  and  sulphur  always  contains  some  uncombined  iron,  and,  there- 
fore, the  gas  obtained  firom  it  is  never  quite  pure,  being  mixed  with  a  littie 
fi-ee  hydrogen.    This,  however,  for  many  purposes,  is  immaterial. 

Hydrosulphuric  acid  is  a  colourless  gas,  which  reddens  moist  litmus  pa- 
per foebly,  and  is  distinguished  from  all  other  gaseous  substances  by  its 
offensive  taste  and  odour,  which  is  similar  to  that  of  putrefying  eggs,  or  the 
water  of  sulphurous  springs.  Under  a  pressure  of  17  atmospheres,  at  50°,  it 
is  compressed  into  a  limpid  liquid,  which  resumes  the  gaseous  state  as  soon 
as  the  pressure  is  removed.  To  animal  life  it  is  very  injurious.  According 
to  Dupuytren  and  Thenard,  the  presence  of  l-1500th  of  this  gas  is  instanUy 
fttal  to  a  small  bird ;  1-lOOOth  killed  a  middle-sized  dog ;  and  a  horse  died 
in  an  atmosphere  which  contained  l-350th  of  its  volume. 
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HyditMulpharie  add  eztingouhea  all  burning  bodies;  but  the  gas  takes 
fire  when  a  lighted  eandle  is  immersed  in  it,  and  burns  with  a  pale  nue  flame. 
Water  and  aulpburous  acid  are  the  products  of  its  combustion,  and  sulphur 
is  deposited.  With  oxygen  gas  it  forms  a  mixture  which  detonates  by  the 
application  of  flame  or  the  electric  spark :  if  100  measures  of  it  are  exploded 
with  150  of  oxygen,  the  former  is  completely  consumed,  the  oxygen  disap. 
pears,  water  is  depoaited^  and  100  measures  of  sulphurous  add  gas  remain. 
(Dr.  Thomson.)  From  the  result  of  this  ex^riment,  the  composition  of  hy. 
drosolphuric  add  gas  may  be  inferred ;  for  it  b  dear,  from  the  composition 
of  Bolphurotts  acid,  (page  193,)  that  two-thirds  of  the  oxygen  must  have 
combined  with  sulphur ;  and,  therefore,  that  the  remaining  one-third  contrl- 
buted  to  the  formation  of  water.  Consequently,  hydrosulj^uric  add  contains 
its  own  Yolume  of  hydrogen  gas,  and  16.66  of  the  vapour  of  sulphur ;  and 
since 

Graing. 

16.66  cubic  inches  of  the  vapour  of  sulphur  weigh        •        34.4012 

100      cubic  inches  of  hydrogen  gas  weigh    .        .  2.1367 

100      cubic  inches  of  hydrosulph.  add  gas  must  weigh         36.5379 

The  sp.  gravity  of  a  gas  so  constituted  should  be  1.1782,  which  agrees 
with  observation ;  and  its  elements  are  in  the  ratio  of  1  to  16.1  as  ahready 
mentioned. 

The  accuracy  of  this  view  is  confirmed  by  several  circumstances.  Thus, 
according  to  (ray-Lussac  and  Thenard,  the  weight  of  100  cubic  inches  of 
bydrosnlphuric  add  gas  is  36.33  grains.  When  sulphur  is  heated  in  hy. 
dro^n  gas,  hydroeulphuric  add  is  generated  without  any  change  of  volume. 
On  Igniting  platinum  wires  in  it  by  means  of  the  voltaic  apparatus,  sulphur 
is  deposited,  and  an  equal  volume  of  pore  hydrogen  remains ;  and  a  similar 
effect  is  produced,  though  more  slowly,  by  a  succession  of  electric  sparks. 
(Elements  of  Sir  H.  Davy,  p.  282.)  Gay-Lussac  and  Thenard  found  that  on 
heating  tin  in  hydrosulphuric  acid  gas,  sulphuret  of  tin  is  formed;  and 
when  potassium  is  heated  in  it,  vivid  combustion  ensues,  with  formation  of 
sulphuret  of  potassium.  In  both  cases,  pure  hydrogen  is  left,  which  occupies 
precisely  the  same  space  as  the  gas  from  which  it  was  derived.  (Recherches 
Physico-Chimiques,  vol.  i.) 

The  salts  of  hydrosulphuric  add  are  called  hydrondphateM^  and  sometimes 
hydromlpkureU.  This  acid,  however,  rarely  unites  directly  with  metallic 
oxides ;  but  in  most  cases  its  hydrogen  combines  with  the  oxvgen  of  the 
oxide,  and  its  sulphur  with  the  metal.  All  the  hydrosulphates  wnich  do  exist 
are  decomposed  by  sulphuric  or  hydrochloric  add,  and  hydrosulphuric  acid 
gas  is  disengaged  with  eflervescence. 

Recently  boiled  water  absorbs  its  own  volume  of  hydrosulphuric  acid,  b6. 
comes  thereby  feebly  acid,  and  acquires  the  peculiar  odour  and  taste  of  sul- 
phurous springs.  The  gas  b  expelled  without  change  by  boiling  the 
water. 

The  elements  of  hydrosulphuric  acid  may  easily  be  separated  from  one 
another.  A  solution  of  the  ^s  cannot  be  preserved  in  an  open  vessel,  be- 
cause its  hydroffen  unites  with  the  oxygen  of  the  atmosphere,  and  sulphur 
is  deposited.  When  mixed  with  sulphurous  acid,  both  compounds  are  de- 
composed, water  is  generated  and  sulphur  set  free.  On  pouring  into  a 
bottle  of  the  gras  a  littk  faming  nitric  add,  mutual  decomposition  ensues,  a 
bluish-white  flame  frequently  appears,  sulphur  and  nitrous  acid  fumes  come 
into  view,  and  water  is  generated.  Chlorine,  iodine,  and  bromine  decom- 
pose it,  with  separation  oTsulphur,  and  formation  of  hydrodiloric,  hydriodie, 
and  hydrobromic  acids.  An  atmosphere  charged  with  hydrosulphuric  acid 
gas  may  be  purified  by  means  of  chlorine  in  the  space  of  a  few  minutes. 

Hydrosulphuric  acid  gas  is  readily  distinguished  fh>m  other  gases  by  its 
odour,  by  tarnishing  silver  with  which  it  forms  a  sulphuret,  and  by  the  cha- 


960  OOMPOUMM  or  HTDXOtfBN  ARD  SmwaOB. 

raster  of  the  precipitate  whioh  it  pnduoee  with  idutioBi  of  ineokNu  acid, 
tartar  emetic,  and  aalta  of  lead. 

The  moet  delicate  teet  of  ita  preaence,  when  diffuaed  in  the  air,  ia  moiat 
carbooate  of  oxide  of  lead  apread  on  white  paper. 

Per$ulpkur€i  of  Hydrogen.— Though  Scheele  diacovered  thia  conipoimd« 
it  waa  firat  specially  deecribed  by  BerthoUet  (An.  de  Chimie,  zzr.)  When 
protoanlphnret  of  potaaaiam  (or  of  any  metal  of  the  alkaliea  and  alkaline 
•artha)  is  mixed  in  eolation  with  sulphnric  acid,  the  oxygen  of  water  nnitea 
with  potaaaium  and  its  hydrogen  with  aulphur,  just  aa  when  protoaulphoret 
of  iron  is  employed,  hydrosulphuric  acid  and  aulphate  of  potaaaa  being  gene- 
rated: the  elementa  K  +  ^  ui<l  H  +  O  mutually  interchange,  and  yield 
K  +  O  and  H  4-  S.  If  the  potaaaium  be  combined  with  two  or  more  eqoi- 
valenta  of  sulphur  aa  in  the  so  called  liver  of  oulphur  made  by  fiiaing  carbo- 
nate of  potassa  with  half  of  ita  weight  of  sulphur,  then  one  of  two  events  will 
happen,  the  hydrogen  of  the  decomposed  water  will  either  unite  with  one  eq. 
of  sulphur  and  form  hydrosulphuric  acid,  the  auperfluona  sulphur  subsiding  in 
the  form  of  a  gray  hydrate,  or  with  two  ea.  of  aulphur,  and  give  rise  to  penul- 
phuret  of  hydrogen.  Now  the  former  of  these  changes  always  occurs  when 
the  acid  is  added  to  the  peraulphuret  of  potaaaium ;  and  the  latter  takes  place 
when  a  concentrated  eolation  of  that  sulphuret  ia  added  br  little  and  little  to 
the  acid,  provided  the  acid  ia  in  oonaiderable  exceaa,  and  the  mixture  wdl 
atirred  after  each  addition.  The  same  phenomena  enaue  when  hydrochloric 
inatead  of  sulphnric  acid  ia  employed :  but  then  there  are  two  sources  from 
which  hydrogen  mav  be  supplied.  It  raa^  be  derived,  aa  above,  from  deoom- 
poaed  water,  bvdrochlorate  of  potaaaa  bem^  generated ;  or  hydrochloric  acid 
itaelf  may  be  (fecomposed,  ita  hydrogen  uniting  with  aulphur  and  ita  chlorine 
with  potassium.  Oa  all  such  occaaiona  I  adopt  the  latter  view,  and  will  give 
reaaona  for  doing  ao  in  the  aection  introductorjr  to  the  atody  of  the  metala. 

Such  are  the  principloa  to  be  attended  to  m  preparing  peraulphuret  of 
hydrogen.  In  practice  it  is  conveniently  made  by  boiling  equal  parta  of  re> 
oently  slaked  lime  and  flowers  of  aulpur  with  5  or  6  parta  of  water  for  half 
an  hour,  when  a  deep  orange-yellow  aolution  ia  formed,  which  containa  per- 
aulphuret of  calcium.  Let  thia  liquid  be  filtered,  and  gradually  added  cold 
to  an  exceas  of  hydrochloric  acid  diluted  with  about  twice  ita  weight  of  water, 
briskly  stirring.  A  copious  deposite  of  hydrated  sulphur  &lls  (the  Sulphur 
Pracipitatom  of  the  London  Pharmacopoeia),  and  persulphuret  of  hydr^en 
gradually  subaidea  in  the  form  of  a  yellowish  semi-fluid  matter  like  oiL  The 
change  which  enaues  in  the  formation  of  the  yellow  solution  may  be  theo* 
retically  represented  thus : — 

S  eq.  lime  ft  0  eq.  ralphnr  S   1  eq.  hyposolph.  acid  4t  S  eq.  bisnlphoiet  eaktaai. 
2(Ca+0)        6S  •«  2S+20  2(Ca-f38). 

The  hypoeulphuroua  acid  exists  in  solution  united  with  lime,  and  is  decom- 
posed when  hydrochloric  acid  is  added,  resolviag  itself  into  sulphurous  acid 
and  aulphur  (page  197),  a  change  not  essentially  connected  with  the  produc- 
tion of  persulphuret  of  hydrogen,  but  resulting  from  the  mode  of  preparing 
the  persulphuret  of  calcium.  It  is  probable  that  the  calcium  is  combined 
with  more  than  two  eq  of  sulphur,  and  that  the  deposited  sulphur  is  derived 
from  that  source  as  well  as  from  decomposed  hyposulphurous  acid. 

From  the  facility  with  which  thui  substance  resolves  itself  into  sulphur 
and  hydrosulphuric  acid,  its  history  is  imperfect :  indeed  we  are  indebted  to 
a  recent^essay  by  Thenard  for  the  princi^  facts  which  are  known.  (An. 
de  Ch.  et  de  rh.  xlviii.  79.)  At  common  temperatures  it  ia  a  viscid  liquid 
of  a  yeUow  colour,  with  a  density  of  about  1.769,  and  a  consistence  varying 
between  that  of  a  volatile  and  fixed  oil.  It  has  the  peculiar  odour  and  taste 
of  hydrosulphuric  acid,  though  in  a  leas  degree.  Its  elements  are  so  feeblv 
united,  that  in  the  cold  it  gradually  resolves  itself  into  sulphur  and  hydrosm- 
phuric  acid,  and  suffers  the  same  change  instantly  by  a  heat  considerably  short 
of  212^  F.    Decempoaition  is  also  produced  by  the  contact  of  moat  snbatanoos^ 
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japedtJBty  of  metab,mettl!ic  oxides,  even  the  alkalies,  aod  metallic  snlpharets. 
Taos  eflervescenoe  from  the  escape  of  hvdroealpharic  acid  eas  is  produced  by 
peroxide  of  manganese*  silica,  the  alkaline  earths  in  powder,  and  solutions 
of  potassa  or  soda;  and  the  oxides  of  ^roJd  and  silver  are  reduced  by  it  with 
sach  energy,  that  they  are  rendered  mcandescent  It  is  remarkable  that 
the  substance  which  causes  the  decomposition,  often  undergoes  no  chemi- 
cal change  whatever.  In  these  respects  persulphuret  of  hydrogen  bears  a 
dose  analogy  to  peroxide  of  hydrmn,  and  Thenard  has  traced  other  points 
of  resemblance.  They  are  both,  for  instance,  rendered  more  stable  by  the 
presence  of  acids;  they  both  whiten  the  tongue  and  skin  when  applied  to 
them,  and  they  are  both  possessed  of  bleaching  properties. 

The  composition  of  persulphnret  of  hydrogen  has  been  varionsly  stated. 
According  to  Dalton  it  is  a  buulphuret,  consisting  of  two  equivalents  of  sul- 
phur, and  one  of  hydrogen;  and  this  view  of  its  composition  is  corroborated 
by  Sir  John  Herschel's  axialysis  of  persulphuret  of  calcium.  (Ekiin.  Phil* 
Journal,  i.  13.)  But  Thenard  found  its  constituents  to  vary ;  whence  it  is 
probable  that  hydrogen  is  capable  of  uniting  with  sulphur  in  several  propor- 
tions. 

Persulphuret  of  hydrogen  is  sometimes  regarded  as  an  acid ;  and  on  this 
supposition  it  ma^  be  termed  hydropersulphurie  add,  and  its  salts  hydropev' 
swphateB.  This  view  is  founded  on  the  hypothesis,  that  the  solutions  formed 
by  boiling  lime  or  an  alkali  with  sulphur  contain  hyposulphite  and  hydro- 
persulphate  of  lime,  the  hydrogen  in  the  one  acid  and  oxygen  in  tlie  other 
being  attributed  to  decompoeed  water,  and  not  hyposulphite  of  lime  and  per- 
sulphuret of  calcium  as  I  have  supposed.  The  latter  view  is  more  consistent 
with  the  fact  that  persulphuret  of  hydrogen  in  its  free  state  has  no  acidity, 
and  exhibits  no  tendency  to  unite  with  alkalies. 


SECTION  IV. 

HYDROGEN  AND  SELENIUM^HYDROSELENIC  ACID. 

Selenium,  like  sulphur,  forms  a  gaseous  compound  with  hydrogen,  which 
has  distinct  acid  properties,  and  b  termed  s^eniuretted  hydrogen,  or  hydro- 
selenic  acid.  This  gas  is  disengaged  by  the  action  uf  dilute  sulphuric  or  hy- 
drochloric acid  on  a  protoselemuret  of  any  of  the  more  oxidable  metals,  such 
as  potassium,  calcium,  manganese,  or  iron,  the  explanation  being  the  same  as 
in  the  formation  of  hydrosnlphuric  acid  from  protoeulphuret  of  iron. 

Hydroselenic  acid  gas  is  colourless.  Its  odour  is  at  first  similar  to  that 
of  hydrosalphuric  acid ;  but  it  afterwards  irritates  the  lining  membrane  of 
the  nose  powerfully,  excites  catarrhal  symptoms,  and  destroys  for  some 
hours  the  sense  of  smelling.  It  is  absorbed  freely  by  water,  forming  a  co- 
lourless solution,  which  reddens  litmus  paper,  and  gives  a  brown  stain  to 
the  skin.  The  acid  is  soon  decomposed  by  exposure  to  the  atmosphere ;  for 
the  oxygen  of  the  air  unites  with  the  hydroffen  of  the  hydroselenic  acid,  and 
selenium,  in  the  form  of  a  red  powder,  subsides.  It  is  decomposed  by  nitric 
acid  and  chlorine  in  the  same  manner  as  hydrosulphuric  acid ;  and  like  that 
gas  it  decomposes  many  metallic  salts,  the  hydrogen  of  the  acid  combining 
with  the  oxygen  of  the  oxide,  while  sn  insoluble  seleniuret  of  the  metal  is 
generated. 

According  to  the  analysis  of  Berzelius,  hydroselenic  acid  consists  of  39.6 
parts  or  one  ea.  erf*  selenium,  and  1  part  or  one  eq.  of  hydrogen ;  so  that  its 
equivalent  is  40.6,  and  its  formula  H  4-  Se  or  HSe. 
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SECTION  V. 

COMPOUNDS  OF  HYDROGEN  AND  PHOSPHORUS. 

Most  chemisla  admit  the  existence  of  two  oomponndB  of  phosphonu  and 
hydrofren,  the  phoephuretted  and  perphoephuretted  hydrogen,  the  oonatitu- 
tion  and  properties  of  which  have  of  Ute  been  closely  studied  by  Dumas, 
Bofi;  and  Rom.  (An.  de  Ch.  et  de  Ph.  mci.  113,  xli.  220,  and  U.  5.)  Much 
uncertainty  exists  respecting  the  composition  of  Uie  latter;  but  there  is 
strong  concurrent  testimony  to  prove  that  phosphuretted  hydrogen  oonsista 
of  31.4  parts  or  two  equivalenU  of  phosphorus,  and  3  parU  or  three  eq. 
of  hydrogen.  Its  equivalent  should,  therefore,  be  34.4,  and  its  formula 
SH+2P,orH3Pa.  ^.  ^.     ^^^^  , 

Pho9phureUed  Hydrogen.-^ThiB  gas,  which  was  discovered  m  1812  by 
Sir  H.  Davy,  is  colourless,  and  has  a  disagreeable  odour,  somewhat  like  that 
of  garlic  Water  absorbs  about  onc^ightii  of  ite  volume.  It  does  not  take 
fire  spontaneously,  as  perphosphuretUd  hydrogen  does,  when  mixed  with 
air  or  oxygen  at  common  temperatures ;  but  the  mixture  detonates  with  the 
electric  spark,  or  at  a  temperature  of  300°  F.  Even  diminished  pressure 
causes  an  explosion;  an  effect  which,  in  operating  with  a  mercurial  trough, 
is  produced  simply  by  raising  the  tube,  so  that  the  level  of  the  mercury 
within  may  be  a  few  inches  lugher  than  at  Uie  outside.  Admitted  into  a  ves- 
sel  of  chlorine  it  inflames  instantiy,  and  emito  a  white  light,  a  property 
which  it  possesses  in  common  with  perphoephuretted  hydrogen.  Its  specific 


gravity  was  found  bv  Dumas  to  be  1.214,  and  by  Rose  1.154. 

Davy  prepared  this  gas  by  heating  hydrated  phosphorous  acid  in  a  retort 


spontaneous  decomposition  of  perphosphuretted  hydrogen. 

Phosphuretted  hydrogen  frequentiy  contains  free  hydrogen  gas,  especially 
when  a  strong  heat  ia  used  in  its  preparation,  an  impunty  which  may  be 
detected  by  agitation  with  a  cold  saturated  solution  of  sulphate  of  oxide  of 
copper.  This  substance  has  the  properly  of  absorbing  both  of  the  comiwunds 
of  phosphoroj  and  hydrogen  entirely,  with  production  of  phosphurct  of  cop- 
per, while  tiie  free  hydrogen  gas  remains. 

Dumas  ascertained  the  composition  of  phosphuretted  hydrocjen  by  in- 
troducing into  a  tube  containing  the  gas  a  fragment  of  bichloride  of  mer- 
cury,  applying  heat  so  as  to  convert  it  into  vapour.  Mutual  decomposition 
instantiy  took  place:  phosphuret  of  mercury  and  hydrochloric  acid  were 
generated  ;  and  100  measures  of  gas,  thus  decomposed,  yielded  300  measures 
of  hydrochloric  acid  gas,  corresponding  to  150  of  hydrogen.  The  quantity 
of  hydrogen  contained  in  any  given  volume  of  phosphuretted  l^drogen  is 
thus  found ;  and  the  weight  of  the  former  deducted  from  that  of  the  latter 
gives  the  quantity  of  combined  phosphorus.  This  inference  is  conformable 
to  the  quantity  of  oxygen  required  for  the  combustion  of  phosphuretted  hy- 
drogen. Dr.  Thomson  affirms  that  when  this  gas  is  detonated  with  1.5  of  ita 
volume  of  oxygen  gas,  the  only  products  are  water  and  phosphorous  acid  ; 
but  that  when  tiie  oxygen  is  in  considerable  excess,  two  volumes  disappear 
for  one  of  the  compound,  and  water  and  phosphoric  acid  are  generated. 
Now  the  hydrogen  contained  in  one  volume  of  phosphuretted  hydrogen  is 
equal  to  1.5,  and  it  unites  with  0.75  of  oxygen.  Hence  if  0.75,  or  |,  be  de- 
ducted  from  1.5  and  from  2.  the  remainders,  I  and  J.  represent  Uie  relaUve 
quantity  of  oxygen  which  is  required  to  convert  the  same  weight  of  phos- 
phorus into  phosphorous  and  phosphoric  acid.  These  numbers  are  obviwialy 
in  the  ratio  of  3  to  5,  as  already  stated  on  the  aoUiority  of  BeneUus.  (Page 
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SMN).)  The  dements  of  the  celeulatioii  have  been  oonfiraied  both  by  Domae 
and  Bnflb 

Agreeably  to  theae  Tiewa,  and  to  the  combining  Tolome  of  phoephoma 
(page  146),  100  measurea  of  phoephuretted  hydrogen  gas  contain  150  of  hy- 
drogen gaa  and  25  of  the  Yapoor  of  phosphonia;  and  honoe,  aa  . 

Graina. 

150  cabic  inches  of  hvdrcM^n  gaa  weigh    ....         3.2050 

25        do.  pLoBphoraa  vapour  weigh    .        .       .        33.5461 

100        do.  phosphoretted  hydrogen  gaa  ahould  weigh   36.7511 

Tlie  calcolated  density  of  a  f^aa  so  constituted  shoold  be  1.1650,  which  is 
nearly  a  mean  of  the  observations  of  Damaa  and  Rose. 

If  the  equivalent  of  phosphorus  were  31.4  instead  of  15.7,  aa  is  very  far 
from  improbable,  then  the  combining  volame  of  phosphorus  vapour  would 
be  50  instead  of  25  (page  146) ;  and  phosiAuretted  hydrogen  would  oonsisi 
of  50  measures  of  phosphorus  vapour  and  150  of  hydrogen  {fas  condensed 
into  100  measures,  thus  agreeing  in  composition  with  ammomacal  gas.* 

Phosphuretled  hydrogen  has  neither  an  acid  nor  alkaline  reaction ;  but  in 
its  chemical  relations  it  inclines  to  alkalinity.  Thus  it  unites  with  hydro- 
bromic  and  hydriodic  acids,  forming  definite  compounds  which  crystalliie 
in  cubes ;  and  Rose  finds  that  it  unites  with  metallic  chlorides,  forming 
compounds  analogous  to  those  which  ammonia  forms  t^ith  metallic  chlorides. 

Perfikotpkure^d  HtfdrogeH4 — ^The  gas  to  which  this  name  is  applied,  was 
discovered  in  the  year  1783  by  M.  Gengembre,  and  has  since  been  particu- 
larly  examined  by  Dalton,  Thomson,  Ikimas,  and  Roae.  It  may  be  prepared 
in  several  ways.  The  first  method  is  by  heating  phosphorus  in  a  strong  so- 
lution of  pure  potassa ;  the  second  by  heating  a  mixture  made  of  imaQ 
pieces  of  phoephoros  and  recently  slaked  lime,  to  which  a  quantity  of  water 
IS  added  sufficient  to  give  it  the  consistenoe  of  thick  paste;  and  the  third 

Sthe  'action  of  dilote  hydrochloric  acid,  aided  by  moderate  heat,  on  phos- 
uret  of  calcium.  In  theae  processes,  three  compounds  of  phosphorus  are 
generated ', — ^phosphoric  acid,  hypophosphorous  acid,  and  perphosphuretted 
bydrogen---all  of  which  are  produced  by  decomposition  of  water,  and  the 
union  of  its  elements  with  separate  portions  of  phosphorus.  The  last  me- 
thod appears  to  yield  the  purest  gas. 

The  gas  obtained  by  either  of  these  processes  is  said  by  Dalton  to  be  gen- 
erally, and  by  Dumas  to  be  always,  mixed  with  variable  proportions  of  hy- 
drogen ;  but  kose  denies  that  free  hydrogen  gas  is  evolved,  except  when  tne 
heat  is  so  jsreat  as  to  decompose  the  hypophosphite,  a  temperature  which  is 
never  attamed  so  long  as  the  materials  are  moist  It  has  a  peculiar  odour, 
resemblingthat  of  garlic,  and  a  bitter  taste.  Its  density  is  estimated  at 
0.9027  by  Thomson,  at  1.1  nearly  by  Dalton,  at  1.761  by  Dumas,  and  1.1935 
by  Rose.  It  has  no  action  on  test  paper.  Recently  boiled  water  absorbs  ^th 
OT  its  bulk  of  this  gas,  most  of  which  is  expelled  by  boiling  or  agitation  with 
other  ffases.  Like  phosphuretted  hydrogen  it  is  freely  absorbed  by  a  solu- 
tion of  chloride  of  lime  or  sulphate  of  oxide  of  copper,  by  which  means  its 
purity  may  be  ascertained,  and  the  presence  of  hydrogen  detected ;  and  like 
that  compound  it  sometimes  decomposes  metallic  salts  in  the  same  manner 
as  hydrosulphuric  acid,  giving  rise  to  the  formation  of  water  and  a  phos- 
phuret  of  the  metal.  But  if  the  metal  have  a  feeble  affinity  for  oxygen,  both 
the  phosphurets  of  hydrogen  throw  it  down  in  the  metalhc  state,  and  water 
and  phosphoric  acid  are  generated.  Tliis  is  the  case,  according  to  Rose, 
with  solutions  of  gold  and  silver. 

*  This  statement  is  inaccurate.  On  the  supposition  made  by  Dr. 
Turner,  phosphuretted  hydrogen  would  consist  of  50  measures  of  phospho- 
rus vapour  and  300  of  hydrogen  gas,  condensed  into  200  measures.  Conse- 
quently, it  would  not  agree  in  composition  with  ammoniacal  gas.— £d. 
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Perphoiphnretted  hydrogen  doM  not  Mpport  oomboBtion  nor  feniratiott. 
In  meet  of  its  properties  it  roBembles  phoephuretted  hydrogen ;  but  ffonOL  that 
1^  as  well  ai  from  other  gues,  it  is  dietinguiahed  jby  being  apontaneously 
inflammable  when  mixed  with  air  or  oiygen  gaa.  If  the  beak  of  the  retort 
from  which  it  ieauoa  b  plunged  under  water,  io  that  auocesaive  bubUee  of 
the  gas  may  arise  through  the  liquid,  a  T«ry  beautiful  appearance  takes 
place.  Each  bubble,  on  reaching  the  turfaoe  of  the  water,  bursts  into  flame, 
and  forms  a  ring  of  dense  white  smoke,  which  enlarges  as  it  ascends,  and 
retains  its  shapo,  if  the  air  is  tranquil,  5mtil  it  disappears.  The  wreath  is 
formed  by  the  products  of  the  combustion — metaphosphoric  acid  and  water. 
If  received  in  a  vessel  of  oxygen  gas,  the  entrance  of  each  bubble  is  in- 
stantly  followed  by  a  strong  concussion,  and  a  flash  of  white  light  of  ex- 
treme intensity.  It  is  remarkable  that  whatever  may  be  the  excess  of  oxr- 
gen,  traces  of  phosphorus  always  escape  combustion;  but  that  if  the  gras  be 
previously  mixed  with  three  times  its  volume  of  carbonic  acid,  and  be  then 
mixed  with  oxygen,  the  combustion  is  perfect  Dalton  observeid  that  it  maj  ' 
be  mixed  with  pure  oxygen  in  a  tube  three-tenths  of  an  inch  in  diameter 
without  taking  fire ;  but  that  the  mixture  detonates  when  an  electric  spark 
is  transmitted  through  it. 

In  consequence  of  the  combustibility  of  perphosphureUed  hydn^gen,  it 
would  be  hazardous  to  mix  it  in  any  quantity  with  air  or  oxygen  gas  in 
close  vessels.  For  the  same  reason  care  is  necessary  in  the  formation  of  this 
gas,  lest,  in  mixinffwith  the  air  of  the  apparatus,  an  explosion  ensue,  and 
Uie  vessel  burst  The  risk  of  such  an  accident  is  avoided,  when  phoephuret 
of  calcium  is  used,  by  filling  the  flask  or  retort  entirely  with  dilute  acid; 
and  in  either  of  the  other  processes,  by  causing  the  phosphuretted  hydro> 
gen  to  be  formed  slowly  at  first,  in  order  that  the  oxygen  gas  within  the 
apparatus  may  be  gradually  consumed.  A  very  simple  method  of  averting 
all  danger  has  been  mentioned  by  Mr.  Graham.  It  consists  in  moistening 
the  interior  of  the  retort  with  one  or  two  drops  of  ether,  the  vapour  of  which, 
when  mixed  with  atmospheric  air  even  in  small  proportion,  effectually  pre- 
Tents  the  combustion  of  perphosphuretted  hydrogen. 

Great  uncertainty  exists  respecting  the  composition  of  this  gas.  It  seems 
pretty  certain,  from  the  experiments  of  Dumas  and  Rose,  that  100  measures 
of  it  contain  150  of  hydrogen ;  but  the  quantity  of  phosphorus  combined 
with  that  hydrogen  is  a  point  by  no  means  agreed  on.  The  weight  of  phos- 
phorus united  with  1  part  of  hydrogen  is  estimated  by  Thomson  at  12, 
by  Rose  at  10.52,  and  at  15.9  by  Dumas.  Such  discordant  estimates  are 
only  referable  to  the  changeable  nature  of  the  gas  itself.  Perphosphuretted 
hydrogen,  as  first  prepared,  not  only  often  contains  variable  quantities  of  the 
vapour  of  phosphorus,  of  free  hydrogen,  and  probably  of  phosphuretted  by. 
drogen,  but  is  itself  very  liable  to  change.  Not  only  do  its  elements  separate 
when  electric  sparks  are  passed  through  it,  or  by  exposure  to  a  strong  heat, 
but  it  is  apt  to  decompose  spontaneouuy  at  common  temperatures,  whereby 
the  same  specimen  may  vary  in  composition  during  the  interval  of  an  hour. 
Rose,  in  his  last  essa;^,  contends  that  the  two  compounds  of  phosphorus  and 
hydrogen,  are  isomeric,  being  identical  in  composition,  and  differing  in  cha- 
racter only  by  one  being  spontaneously  inflammable  and  the  other  not  so. 


SECTION  VI. 

CX)MPOUNDS  or  NITROGEN  AND  CARBON. 
BiCARBuarr  of  nttrogkn,  or  ctanoobn  oas. 

Ctanookn  gas,  the  discovery  of  which  was  made  in  1815  by  Gay-Lussac, 
(An.  de  Ch.  xcv.)  is  prepared  bv  heating  carefiilly  dried  bicyanuret  of  mer- 
cury in  a  small  glass  retort  by  means  of  a  spiritbunp.    This  cyanuret. 
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\rhieli  wii  ionneily  considered  a  oompotmd  of  oxide  of  meroory  and  pniido 
acid,  and  waa  then  called  pru^naU  of  mereuiy,  is  composed  of  metaUio  mer« , 
eary  and  cyanogen.  On  exposure  to  a  low  red  heat,  it  is  reeolved  into  its 
elements ;  the  cyanogen  passes  oTer  in  the  form  of  gas,  and  the  metallio 
mercury  is  suUimed.  The  retort,  at.  the  close  of  the  process,  contains  a 
small  residue  of  a  dark  hrown  matter  like  charcoal,  bat  which  Mr.  John- 
ston has  shown  to  consist  of  the  same  ingredients  as  the  gas  itself 

Cyanogeo  gas  is  cdourless,  and  has  a  strong  pungent  and  very  peculiar 
odour.  At  the  temperature  of  45<^  apd  under  a  pressure  of  3.6  atmospheres, 
it  is  a  limpid  liquid,  which  Mr.  Kemp  finds  to  be  a  non-conductor  of  electri* 
city,  and  which  resumes  the  gaseous  form  when  the  pressure  is  removed. 
It  eztiuffuishes  burning  bodies ;  but  it  is  inflammable,  and  bums  with  a 
beautifm  and  characteristic  purple  flame.  It  can  support  a  strong  heat 
without  decomposition.  Water,  at  the  temperature  of  60^  absorbs  45  times, 
and  alcohol  23  times  its  volume  of  the  gas.  The  aqueous  solution  reddens 
fitmus  paper;  but  this  effect  is  not  to  be  ascribed  to  the  gas  itself,  but  to  tha 
presence  of  acids  which  are  generated  by  the  mutual  decomposition  of  cyano» 
gen  and  water.  It  appears  from  the  observations  of  Wohler  that  two  of  the  prok 
ducts  are  cyanic  acid  and  ammonia;  which,  uniting  together,  generate 
urea.  (An.  de  Ch.  ot  de  Ph.  zliu.  73.) 

The  composition  of  cyanogen  may  be  determined  by  mixing  that  ^ 
with  a  doe  proportion  <n  oxyeen,  and  inflaming  the  mixture  by  electricity. 
Gay.Lussac  ascertained  in  this  way  that  100  measures  of  cyanogen  require 
200  of  oxygen  for  complete  combustion,  that  no  water  is  formed,  and  that 
the  products  are  200  measures  of  carbonic  acid  gas  and  100  of  nitrc^en. 
Hence  it  follows  that  cyanogen  contains  its  own  bulk  of  nitrogen,  and 
twice  its  volume  of  the  vapour  of  carbon.    Consequently,  since 

Grains. 
100  cubic  inches  of  nitrogen  gas  weigh  .        30.1650 

SOO         do.  the  vapour  of  car  boa  weigh  .        36.1428 

100  cubic  inches  of  cyanogen  gas  must  weigh    •        •  563078 
Tlie  ratio  of  its  elements  by  weight  is 

Nitrogen         .        30.1650        .        0.9727                .  14.15    1  eq. 

Carbon            .        26.1428                0.8430(2x0.4215)  12i24    2  eq. 

The  specific  gravity  of  a  gas  so  constituted  is  0.9727+0.843  »=  1.8157,  which 
is  near  1.8064,  the  number  found  experimentally  by  Gay-Lussac. 

Cyanogen  is  a  Inearhuret  of  nitrogen,  the  formica  of  which  is  N+dC  or 
NC> ;  but  its  most  convenient  name  is  cyanogen^  proposed  by  its  discoverer,* 
which  may  be  expressed  shortly  by  Cy. 

Cyanogen,  though  a  compound  body,  has  a  remarkable  tendency  to  com- 
bine  with  elementary  substances.  Thus  it  is  capable  of  unitinfir  with  the 
aimple  non-metallic  bodies,  and  evinces  a  strong  attraction  for  metals. 
When  potassium,  for  instance,  is  heated  in  cyanogen  gas,  such  energetic 
action  ensues,  that  the  metal  becomes  incandescent,  and  cyanuret  of  potas- 
sium is  generated.  The  affinity  of  cyanogen  for  roetalhc  oxides,  9n  the 
contrary,  is  comparatively  feeble.  It  enters  into  direct  coml>ination  with  a 
&w  alkaline  bases  only,  and  these  compounds  are  by  no  means  permanent 
From  these  remarks  it  is  apparent  that  cyanogen  has  no  claim  to  be 
regarded  as  an  acid. 

An  examination  of  the  brown  matter,  left  in  the  retort  after  the  prepara- 
tion of  cyanogen  ga^  has  been  made  by  Mr.  Johnston,  who  by  burning  it 
with  chlorate  of  potassa  found  it  to  contain  carbon  and  nitrogen  united  in 
the  same  ratio  as  in  cyanogen  gas.  It  is,  in  fact,  a  solid  bicarburet  of 
nitrogen,  isomeric  with  cyanogen,  but  differing  firom  it  essentially  m  its 

•  From  «c?*foc  blue,  and  yt>f<i»  JgeneraU;  because  it  is  an  essential 
ingre^ent  of  Prussian  blue. 
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phytioal  and  chemical  relatioiit.  On  famtiog  this  solid  bicarburet  in  ibm 
open  air,  aeverol  definite  compcNUida  of  carbon  and  nitrogen  may  be  sucoea- 
fliTely  obtained.  After  oonaiderable  healing,  the  ratio  of  carbon  to  nitroeeo 
is  aa  3  to  2;  again  heated,  the  proportion  becomes  as  7  to  6;  and  finidly* 
after  a  still  longer  heat,  the  ratio  of  t^  equivalents  is  as  1  to  1.  Thus  the 
carbon  is  gradually  burned  away,  leaving  the  nitrogen  fixed,  until  a  proto- 
carburet  of  nitrogen  is  formed.  On  continuing  the  heat  after  this  period, 
both  elements  fly  off  together,  and  the  whole  is  dissipated.  The  solid  bicarburet 
of  cyanogen  is  also  generated,  when  a  saturated  solution  of  cyanogen  in 
alcohol  is  kept  in  contact  with  mercury ;  and  Mr.  Johnston  suggests  that 
the  carbonaceous  residue  after  the  charring  of  animal  substances  by  heat,  is 
probably  in  many  cases  a  carburet  of  nitrogen,  and  not  pure  charcoal  as  is 
commonly  thouf^ht  (Brewster*s  Journ.  N.  S.  i.  75.) 

The  composition  of  the  compounds  of  cyanogen  described  in  this  section 
isas  follows  :-— 


Cyanogen. 
Hydrocyanic  acid  26.39    1  eq.4- Hydrogen   1 
Cyanic  acid  "        '  ^ 

Fulminic  (cyi 


nic)  acid 

Cyanuric  acid 

Paracyanuric 
acid 

Chloride  of  cya. 
nogen    .    . 

Bichloride  of  cy- 
anogen?    . 

Iodide  of  cyanogen. 
Bromide  of  cya.  > 

nogen    .    .     \ 
Hydro.     *  '" 
sulphoc^.  ■(  gen 
anic  acid  f  Sulph. 
Bisolphuret  of 

cyanogen   . 
Sulphuret  of  cy. 

anogen 
Cyano-hydro- 

sulphuric  acid 
Hydroseleniocy. 

anic  acid    . 


26.39 
26.39 


79.17    3 


1  eq.-j-Oxygen 

1  eq.+  do.  8 

eq.+  J9-'y«««^48 


Equiv.  FormnkB. 
1  eq.    =  27.39  H+Cy 
1  eq.    =  34.39  Cy+O 

1  eq.    »  34.39  Cy+O 


«qs 


26.39 


:  130.17  Cy>0«H3 

=  61.ffl  Cy+a 
=  97.23  Cy+2C1 


Hydrog.  3 

1  eq.-hChlorine  35.42 1  eq. 

1  eq+  do.        70.84  2  eq. 

Composition  uncertain. 
Composition  uncertain. 

^r^'i  26.39    leq.^ 
32.2     2  eq.  [ 
26.39    1  eq.4-Sulphur  32^  2  eq. 

Existence  doubtful. 

26  39     1  ea  4.  J  Sulphur  325  2  eq.  >      «^  -^  Cy+2HS? 
^6.d9    leq.+  jHydrog.  2     2  ej.  i  =^-^^  2H4.CyS» 

Composition  uncertain. 


+Hydr.  1   1  eq.    =  59.59    H+CyS« 


58.59    Cy+2S 


HYDROCYANIC  OR  FRUSSIC  ACID. 

This  acid  was  discovered  in  the  year  1782  by  Scheele,  and  Berthollet 
afterwards  ascertained  that  it  contains  carbon,  nitrogen,  and  hydrogen;  but 
Gay -Lussac  first  procured  it  in  a  pure  state,  and  by  the  discovery  of  cyanogeA 
was  enabled  to  determine  its  real  nature.  The  substance  prepared  by 
Scheele  was  merely  a  solution  of  hydrocyanic  acid  in  water. 

Pure  hydrocyanic  acid  may  be  prepared  by  heating  bicyanoret  of  mer- 
cury in  a  glass  retort  with  two-thirds  of  its  weight  of  concentrated  hydro- 
chloric  acid.    By  an  interchange  of  elements 


yield 


2  eq.  hydrochloric  acid  and  1  eq.  bicyanuret  of  mercury, 
2(H+C1)  Hg+2Cy,  ^' 

2  eq.  hydrocyanic  acid  and  1  eq.  bichloride  of  mercury. 
2(H+Cy)  ^  Hg+2CL  ^ 


The  volatile  hydrocyanic  acid  passes  off  in  vapour  along  with  moisture  and 
hydrochloric  acid :  by  transmission  through  a  tube  over  fragments  of  marble 
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it  is  deprived  of  hydrochloric  acid.  It  is  then  dried  by  peasing  throng^ 
another  tabe  filled  with  ibsed  chloride  of  calcium  in  fragments,  and  is 
ultimately  collected  in  a  clean  dry  tube  surrounded  by  ice. 

Vaoquelin  proposes  the  ibUowingr  process,  which  affords  a  more  abundant 
product  than  the  preceding.  It  consists  in  filling  a  narrow  tube,  pUced 
horizontally,  with  fragments  of  bicyanuret  of  mercury,  and  causing  a  cur- 
rent of  dry  hydroeulphuric  acid  gas  to  pass  very  slowly  along  it.  The  instant 
that  gas  comes  in  contact  with  the  bicyanuret,  double  decomposition  ensues, 
and  hydrocyanic  acid  and  bisulphuret  of  mercury  are  generated.  The  pro- 
mas  of  the  hydroeulphuric  acid  along  the  tube  may  be  distinctly  traced  1^ 
the  change  of  colour,  and  the  experiment  should  be  closed  as  soon  as  tlie 
whole  of  the  bicyanuret  has  become  black.  It  then  only  remains  to  expel 
the  hydrocyanic  acid  by  a  gentle  heat,  and  collect  it  in  a  cool  receiver.  This 
process  is  elegant,  easy  of  execution,  and  productive. 

Pore  hydrocyanic  acid  is  a  limpid  colourless  fluid,  of  a  strong  odour, 
timiiar  to  that  of  peach  blossoms.  It  excites  at  first  a  sensation  of  coolness 
on  the  tongue,  which  is  soon  followed  by  heat ;  but  when  diluted,  it  has  the 
flavour  of  bitter  almonds.  Its  specific  gravity  at  45°  is  0.7058.  It  is  so 
exceedingly  volatile  that  its  vapour  during  warm  weather  may  be  collected 
over  mercury.  Its  point  of  ebullition  is  79°,  and  at  zero  it  congeals.  When 
a  drop  of  it  is  placed  on  a  piece  of  glass,  it  becomes  solid,  because  the  oold 
produced  by  the  evaporation  of  one  portion  is  so  great  as  to  fireeze  the 
remainder.    It  unites  with  water  and  alcohol  in  every  proportion. 

Pure  hi'drocyanic  acid  is  a  powerfiil  poison,  producing  in  poisonous  doses 
insensibility  and  convulsions,  which  are  speedily  followed  by  death.  A  sin- 
gle drop  of  it  placed  on  the  tongue  of  a  dog  causes  death  in  the  course  of  a 
very  few  seconds ;  and  small  animals,  when  confined  in  its  vapour,  are  rapid- 
ly destroyed.  On  inspiring  the  vaponr,  diluted  with  atmospheric  air,  head- 
aeh  and  giddiness  supervene ;  and  for  this  reason  the  pure  acid  should  not 
be  made  in  dose  anirtments  during  warm  weather.  The  distilled  water 
from  the  leaves  of  tne  Prwnu  laura^eratut  owes  its  poisonous  quality  to 
the  presence  of  this  acid.  Its  effects  are  best  counteracted  by  diffusible 
stimulaniB,  and  of  such  remedies  solution  of  ammonia  appears  to  be  the 
most  beneficial.  The  aqueous  solution  of  chlorine  may  be  used  ss  an  anti- 
dote, which  decomposes  hydrocyanic  acid  instantly,  with  formation  of- hy- 
drochloric acid.  In  some  experiments,  recently  described  by  MM.  Persoz 
and  Nonat,  symptoms  of  pois<ming,  induced  by  hydrocyanic  acid  applied  to 
the  globe  of  the  eye,  ceased  on  the  intemid  administration  of  chlorine.  It 
would  hence -appear,  that  both  substances  were  absorbed  into  the  circulating 
fluids,  and  there  reacted  On  each  other.  (An.  de  Ch.  et  de  Ph.  xtiii.  334.) 

Pure  hydrocyanic  acid,  even  when  excluded  from  air  and  moisture,  is 
verv  liable  to  spontaneous  changes,  owing  to  the  tendency  of  its  elements 
to  rorm  new  combinations.  These  changes  sometimes  commence  within  an 
hour  afler  the  acid  is  made,  and  it  can  rarely  be  preserved  for  more  than 
two  weeks.  The  commencement  of  decomposition  is  marked  by  the  liquid 
acquiring  a  reddish-brown  tmge.  The  colour  then  gradually  deepens,  a 
matter  like  charcoal  subsides,  and  ammonia  is  generated.  On  analyzing 
the  black  matter,  it  was  fbund  by  Gay-Lussac  to  contain  carbon  and  nitro> 
gen :  M.  P.  Boullay  considers  it  to  be  a  peculiar  acid,  composed  of  carbon, 
nitrogen,  and  hydrogen,  very  analogous  to  ulmic  acid,  and  fbr  which  he 
proposes  the  name  of  azulmic  acid;  but  farther  observation  is  desirable  be- 
fore  this  view  can  be  relied  on.  Hydrocyanic  add  may  be  preserved  fbr  a 
longer  period  if  diluted  with  water,  but  even  then  it  undergoes  gradual  de* 
composition. 

Hydrocyanic  acid  is  one  of  the  feeblest  of  the  adds.  It  is  not  add  to 
the  taste,  scarcely  reddens  litmus  paper,  does  not  decompose  the  salts  of 
Carbonic  add,  and  is  unable  in  any  quantity  to  neutralize  the  alkaline  re- 
action of  potassa.  When  mixed  with  metallic  oxides  it  rarely  if  ever  enters 
into  combination,  so  as  to  constitute  hydrocyanates ;  but  by  an  interchange 
of  dements,  vniter  and  metallic  cyanurets  are  generated.  Though  a  solu- 
tJoa  of  cyanuret  of  potassium  is  alkaline,  has  the  odour  of  hydrocyanic 
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acid,  and  acts  like  that  acid  as  a  poison,  it  does  not  follow  that  potaBsa  and 
hydrocyanic  acid  were  in  combination ;  for  the^  may  be  merely  developed 
at  the  moment  by  the  influence  of  carbonic  acid  of  the  air,  or  of  any  sob- 
stanoe  which  has  an  affinity  for  potassa. 

Hrdrocyanic  acid  is  resolved  by  galvanism  into  hydrogen  and  cyanogen, 
the  rormer  of  which  appears  at  the  negative  and  the  latter  at  the  positive 
pole.  When  its  vapour  is  conducted  through  a  red-hot  porcelain  tube,  par- 
tial  decomposition  ensues.  Charcoal  is  deposited,  and  nitrogen,  hydrogen, 
and  cyanogen  gases  are  set  at  liberty;  but  the  greater  part  of  the  aeid 
passes  over  unchanged.  Electricity  produces  a  similar  effect  The  vapour 
of  hydrocyanic  acid  takes  fire  on  the  approach  of  flame;  and  with  oxygen 
gas  it  forms  a  mixture  which  detonates  with  the  electric  spark.  The  prob 
ducts  of  the  combustion  are  nitrogen,  water,  and  carbonic  acid. 

6ay-Lu8sac  proved  that  hydrocyanic  acid  vapour  is  analogous  in  compo. 
sition  to  hydrochloric  acid  gas,  consisting  of  equal  measures  of  cyanogen 
and  hydrogen  gases  united  without  change  of  volume ;  for  on  heating  po- 
tassium in  100  measures  of  hydrocyanic  acid  vapour,  he  obtained  as  much 
cyanuret  of  potassium  as  would  have  been  formed  flrom  50  measures  of 
cyanogen  gas,  and  50  measures  of  pure  hydrogen  remained.    Hence,  as 

6raia& 
50  cubic  inches  of  cyanogen  gas  weigh     .  38.1539 

50         do.  hydrogen  gas       ....         1.0683 

100         do.  hydrocyanic  acid  vapour  should  weigh  ftdSSSSk 

Also  1.0683  is  to  28.1539  as  1  to  S26.39,  the  composition  given  in  the  toUe. 
The  density  of  a  gas  so  consUtuted  should  be  1(1.8157+  0.069  )»0.94d3; 
whereas  the  number  which  Gay-Lussao  found  by  weiffhinjr  the  gas  is 
0.9476.  /        8      s  8 

From  the  powerful  action  of  hydrocyanic  acid  on  the  animal  eoonomy, 
this  substance,  in  a  diluted  form,  is  sometimes  employed  in  medical  pnuv 
tioe  to  diminish  pain  and  nervous  irritability.  Several  processes  are  in  uso 
for  obtaining  the  medicinal  acid  of  uniform  strength  and  of  a  quality  to  keep 
long  without  decomposition. 

r  One  of  these  consists  in  transmitting  a  current  of  hydroeulpfauric  add 
gas  through  water,  holding  in  solution  a  known  weight  of  bicyanoret  of 
mercury,  until  complete  decomposition,  which  is  ascertained  by  the  filtered 
liquid  remaining  colourless  when  acted  on  by  an  additional  quantity  of  fay. 
drosulphuric  acid.  The  excess  of  this  acid  is  removed  by  agitation  with 
carbonate  of  oxide  of  lead,  after  which  the  solution  is  filtered. — It  admits  of 
doubt  whether  the  hydrocyanic  acid  thus  obtained  is  uniform ;  since  a  quan- 
tity of  its  vapour,  variable  in  different  operations,  is  apt  to  be  carried  dSt  by 
the  hydrosolphuric  acid  gas. 

II.  Another  process,  adopted  at  Apothecaries'  Hall,  is  to  mix  in  a  retort 
•X  part  of  bicyanuret  of  mercury,  1  part  of  hydrochloric  acid  of  sp.  gnyity 
1.15,  and  6  parts  of  water ;  and  to  distil  the  mixture  until  a  quantity  of 
acid,  equal  to  that  of  the  water  employed,  is  collected.  The  product  has  a 
density  of  0.995.  (Brando's  Chemistry).  A  little  hydrochloric  acid  com- 
monly passes  over  into  the  recipient,  and  may  be  got  rid  of  and  discovered 
by  mixing  the  impure  acid  with  a  little  chalk  and  distilling  to  dryness, 
when  chloride  of  calcium  remains.  Its  presence  while  mixed  with  hydro- 
cyanic aeid  cannot  well  be  detected  by  nitrate  of  oxide  of  silver ;. because 
cyanuret  of  silver  is  very  similar  to  the  chloride  both  in  appearance,  and  in 
several  of  its  leading  properties.  The  cyanuret,  however,  is  soluble  in  hot 
nitric  acid,  and  yields  cyanogen  gas  when  heated  to  redness,  by  which 
characters  it  may  be  distinguished  from  chloride  of  silver.  In  a  medicinal 
point  of  view  the  presence  of  a  little  hydrochloric  acid  is  not  material,  and 
tends  probably  to  give  greater  sUbility  to  the  product  than  it  would  possess 
if  absolutely  pure. 

HI.  A  third  and  very  good  process  is  that  recommended  by  Dr.  Clark, 
who  mixes  solutions  of  cyanuret  of  potassium  and  tartaric  acid  in  such 
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proportions  as  to  form  biUrtrate  of  potassa  and  hydrocyanic  acid.  In  100 
drachms  of  water  are  dissolved  8^  of  cj^anuret  of  potassium,  and  with  this 
is  mixed  a  solution  of  18|  drachms  of  crystallized  tartaric  acid  in  20  of 
water ;  and  after  the  sparingly  soluble  bitartrale  of  potassa  has  subsided, 
the  dear  solution  is  decanted  for  use.  Its  only  impurity  is  a  little  bitartrate, 
the  presence  of  which  in  a  medicinal  point  of  view  is  not  objectionable. 
The  oxygen  and  hydrogren,  which  unite  with  the  elements  of  the  cyanuret 
of  potassium,  are  derived  from  decomposed  water.  Mr.  Laming  adds  to 
the  preceding  materials  a  portion  of  alcohol,  which  tends  to  promote  the 
separation  of  bitartrate  of  potassa,  and  perhaps  to  preserve  the  hydrocyanic 
acid  from  change. 

IV.  In  a  fourth  process  20  drachms  of  pulverized  ferrocyanuret  of  potas- 
■ium  are  dissolved  in  80  of  water ;  and  with  tliis  solution  is  mixed  a  dilute 
add  made  previously  with  18  drachms  (by  weight)  of  strong  sulphuric  add 
and  40  drachms  of  water,  and  allowed  to  cool.  The  dilute  hydrocyanic 
acid  is  tlien  obtained  by  distillation,  gentle  ebullition  being  continued  until 
the  materials  become  rather  thick,  and  strong  suocussions  commence.  If 
the  amount  distilled  over  does  not  weigh  120  drachms,  the  requisite  quan- 
tity of  distilled  water  should  be  added  to  give  that  weight  The  foregoing 
proportions  are  recommended  by  Giese,  who  states  that  the  acid  so  pre- 
pared may  foe  kept  for  years.  Dr.  Christison  tells  me  he  has  had  some  un- 
changed for  2i|  years,  though  exposed  to  diffused  daylight;  and  that  it  con- 
tuns  a  small  quantity  of  sulphuric  acid,  which  is  pronibly  the  preservative 
affent  The  process  ought  to  be  conducted  in  a  capacious  matrass  instead 
of  a  retort;  as  when  the  last  is  used,  a  little  Prussian  blue  is  apt  to  pass 
orer.  The  production  of  hydrocyanic  acid  in  the  foregoing  process  is  due 
to  cyanogen  unitmg  with  the  hydrogen,  and  potessium  uniting  with  the 
oxygen  of  water,  a  change  which  is  &termined  by  the  affinity  of  sulphuric 
add  for  potassa;  but  besides  hydrocyanic  acid  and  sulphate  of  potassa,  the 
colouring  prindple  called  PruBsian  Hue  is  generated. 

As  the  quality  of  dilute  hydrocyanic  add,  however  prepared,  is  apt  to 
vary,  owin|r  to  the  volatility  of  the  add,  and  ite  tendency  to  spontaneous 
decomposition,  it  should  be  made  only  in  small  quantities  at  a  time,  kept  in 
wdl-stopped  bottles,  and  exduded  from  light  One  of  the  best  modes  of 
estimating  the  strength  of  any  solution,  as  Orfila  suggeste,  is  by  precipita- 
tion with  nitrate  of  oxide  of  silver.  The  cyanuret,  after  being  washed  and 
moderately  dried,  consists  of  108  parte  of  silver  and  26.39  of  cyanogen, 
being  an  equivalent  of  each;  and,  therefore,  100  parts  of  the  dry  cyanuret 
correspond  to  20.9  of  real  hydrocyanic  acid. 

M.  Pelouze  has  noticed  that  when  strong  hydroeyanie  and  hydrochloric 
adds  are  mixed  together,  the  whole  shortly  becomes  a  solid  saline  mass, 
from  which  a  gentle  heat  expels  formic  acid,  while  hydrocblorate  of  ammo- 
nia remains  betiind.  The  hydrocyanic  add,  by  the  aid  of  water,  is  entirely 
resolved  into  ammonia  and  formic  aeid;  and  hydrochloric  acid  appears  to 
determine  the  change  by  ite  affinity  for  ammonia.    Thus 

1  eq.  bydrocyanic  acid  and  3  eq.  water    S     1  eq.  amraonia  and  1  eq.  formic  aeid. 
H+(N+2C)  3(H+0)      t    3H+N        2(C+0>f(H+0). 

Sulphuric  acid  acte  oh  hydrocyanic  add  in  the  same  manner  as  the  liydror 
chloric ;  but  it  is  apt  to  decompose  the  formie  acid.  It  was  also  observed 
that  when  cyanuret  of  potassium  is  boiled  in  pure  water,  hydrocyanic  acid 
disappears,  ammonia  is  disengaged,  and  formate  of  potassa  is  left  in  solu- 
tion :  thus  are  the  same  changes  determined  by  the  affinity  of  potassa 
for  formic  aeid,  as  by  that  of  hydrochlorio  add  for  ammonia.  (An.  de  Ch.  et 
de  Ph.  xlviii.  395.) 

The  presence  of  free  hydrocyanic  acid  is  easily  recogfnized  by  ite  odour. 

Chemically  it  may  be  detected  by  agiteting  the  fluid  supposed  to  contein  it 

with  peroxide  of  mercury  in  fine  powder.    Double  decomposition  ensues,  by 

^  which  water  and  bicyanuret  of  mercury  are  venerated ;  and  on  evaporating 

the  solution  slowly,  the  latter  is  obteined  in  the  form  of  crystals. 

23» 
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A  test  of  far  greater  delicacy,  originally  noticed  by  Schecle,  is  the  follow- 
ing. To  the  liquid  supposed  to  contain  hydrocyanic  acid,  add  a  solation  of 
green  vitriol,  throw  down  the  protoxide  of  iron  by  a  slight  excess  of  pore 
potassa,  and  acidulate  with  hydrochloric  or  sulphuric  acid,  so  as  to  redissolve 
the  precipiUte.  Prussian  blue  will  then  make  its  appearance,  if  hydrocyanic 
acid  had  been  originally  present.  The  nature  of  the  chemical  change  will  be 
explained  in  the  section  on  the  haloid  salts  when  describing  the  roanu&c- 
ture  of  Prussian  blue.    The  presence  ofprofoxtrfe  of  iron  is  essential.       / 

As  hydrocyanic  acid  is  sometimes  administered  with  criminal  designs, 
the  chemist  may  be  called  on  to  search  for  its  presence  after  death.  The 
subject  has  been  investigated  experimentally  by  Leurct  and  Lassaigne,  and 
tho  process  they  have  recommended  is  the  following.  The  stomach  o'  othCT 
substances  to  be  examined  are  cut  into  small  frsgments,  and  introduced 
into  a  retort  along  with  water,  the  liquid  being  slighUy  acidulated  with  sal- 
phuric  acid.  The  distillation  is  then  conducted  by  the  heat  of  boiling  water, 
the  volatile  producU  are  collected  in  a  receiver  surrounded  with  ice,  and  the 
presence  of  hydrocyanic  acid  in  the  distilled  matter  is  tested  by  the  method 
above  mentioned.  These  gentlemea  found  that  hydrocyanic  acid  may  be 
thus  detected  two  or  three  days  after  death,  but  not  after  a  longer  period.  In 
the  case  of  a  young  roan  poisoned  during  the  winter  season  by  a  strongs 
dose  of  the  poison,  f  detected  it  four  days  after  death ;  but  the  quantity  ob- 
Uined  was  very  minute,  though  the  odour  of  hydrocyanic  acid  emitt«l  by 
the  contents  of  the  stomach  was  considerable.  The  disappearance  of  uie 
acid  appears  owing  partly  to  its  vohtility,  and  partly  to  the  facility  with 
which  it  undergoes  spontaneous  decomposition.  (Joomal  de  Chimie  Medi- 
cale,  ii.  5G1.) 

Cyanic  Acid, — ^There  are  two  compounds  entitled  to  this  appellation,  one 
of  which  was  discovered  by  Wohler  and  the  other  by  Liebig ;  but  to  prevent 
confusion  I  shall  apply  to  the  former  the  term  cyanic  acid^  and  that  o^fvU 
minic  acid  to  the  latter. 

It  was  stated  by  Gay-Lussac,  in  the  essay  already  quoted,  that  cyanogen 
gas  is  freely  absorbed  by  pure  alkaline  solutions;  and  he  exprcmed liis 
opinion  that  the  alkali  combines  directly  with  the  cyanogen.  It  appears, 
however,  from  the  experiments  of  Wohler,  that  cyanic  acid  and  a  cyanuret 
are  formed  under  these  circumstances;  and,  consequently,  that  alkaline  so- 
lutions  act  upon  cyanogen  in  the  same  manner  as  on  chlorine,  iodine,  bro- 
mine, and  sulphur.  But  the  salts  of  cyanic  acid  cannot  conveniently  be  pro- 
cured in  this  way,  owin^  to  the  difficulty  of  separating  the  cyanatefrom  the 
cyanuret  with  which  it  is  accompanied.  Wohler  finds  that  cyanate  of  po- 
tassa may  be  procured  in  large  quantity  by  mixing  ferrocyanuret  of  potas- 
sium with  an  equal  weight  of  peroxide  of  manganese  in  fine  powder,  and 
exposing  the  mixture  to  a  low  red  heat  The  cyanogen  and  potassium  of 
that  salt  receive  oxygen  from  the  manganese,  and  are  converted  into  cya^ 
nate  of  potassa.  Tlie  ignited  mass  is  then  boiled  in  alcohol  of  66  per  cent ; 
and  as  the  solution  cools,  the  cyanate  is  deposited  in  small  tabular  crystals 
resembling  chlorate  of  potassa.  The  only  precaution  necessary  in  this  pro- 
cess is  to  avoid  too  high  a  temperature. 

Cyanic  acid  is  characterized  by  the  facility  with  which  it  is  resolved  by 
water  into  carbonic  acid^and  ammonia.  This  change  is  effected  merely  by 
boiling  an  aqueous  solution  of  cyanate  of  potassa ;  and  it  takes  place  still 
more  rapidly  when  an  attempt  is  made  to  decompose  the  cyanate  by  means 
of  another  acid.  If  the  acid  is  diluted,  cyanic  acid  is  instantly  decomposed, 
and  carbonic  acid  escapes  with  effervescence.  But,  on  the  contrary,  if  a  con- 
centrated acid  is  employed,  then  the  cyanic  acid  resists  decomposition  for  a 
short  time,  and  emits  a  strong  odour  of  vinegar.  Wohler  and  Liebig  have 
succeeded  in  obtaining  it  in  a  very  concentrated  and  pure  state  by  ^cing 
cyan  uric  acid,  previously  deprived  of  its  water  of  crystallixation  by  a  tem- 
perature of  212°,  in  a  small  glass  retort,  and  applying  a  heat  gradually  in- 
creasing  to  low  redness.  The  vapours  are  collected  in  a  receiver  surrounded 
b^  a  freezing  mixture  of  salt  and  ice,  and  are  thereby  condensed  into  a  lim- 
pid colourless  liquid,  which  was  at  first  supposed  to  be  anhydrous  cyanic 
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acid,  but  which  turns  oot  to  be  cyuiio  acid  with  one  equiTalent  of  witer. 
This  liquid  has  a  penetrating  odour  similar  to  the  strongest  acetic  acid,  is 
extremely  pungent,  produces  a  flow  of  tears,  and  when  applied  in  minute 
quantity  to  the  skin  instantly  causes  a  white  Tesiclo  to  be  formed,  attended 
with  severe  pain.  It  is  very  volatile,  giving  off  a  vapour  which  is  inflamma- 
ble, and  has  a  strong  acid  reaction.  When  this  vapour  is  conducted  into  ice- 
cold  water,  it  is  freely  dissolved  without  decomposition ;  but  as  soon  as  the 
temperature  rises  a  little,  carbonic  acid  escapes  with  eflervescence,  and  the 
acid  is  entirely  destroyed.  When  the  pure  hydrous  acid,  removed  from  the 
fireezing  mixture,  has  acquired  the  temperature  of  the  air,  it  speedily  begins 
to  grow  turbid,  its  temperature  rises,  and  the  liquid  enters  into  violent  ebul- 
lition from  the  heat  vaporizing  the  acid.  During  this  action  no  gas  what- 
ever is  evolved ;  but  a  white  insoluble  substance  is  rapidly  produced,  and  ia 
the  course  of  a  few  minutes  the  whole  liquid  acid  entirely  disappears,  and  a 
dry  compact  matter  of  brilliant  whiteness  occupies  its  place.  This  solid  will 
hereafter  be  alluded  to  under  the  name  of  intoiuble  eyanurie  add,  when  it 
will  be  found  to  contain  precisely  the  same  elements  as  the  hydrous  cyanic 
acid. 

The  composition  of  cyanic  acid,  as  stated  ^at  page  266,  has  been  fally 
established  by  WoUer  and  Liebig.  (An.  de  Ch.  et  de  Ph.  xz.  and  xzvii.)  It 
will  be  understood,  from  the  ratio  of  its  elements  and  their  known  affinities, 
why  a  solution  of  cyanic  acid  in  water  is  readily  convertible  into  bicarbo- 
nate of  ammonia ;  for  one  equivalent  of  cyanic  acid  with  three  equivalents 
of  water  contain  exactly  the  same  elements  as  one  equivalent  of  bicarbonate 
of  ammonia:  Thus 

]  eq.  cyanic  acid  and  3  eq.  water.    S    S  eq.  carbonic  acid  and  1  eq.  ammonia. 
(N+2CH-0  3(H4-0)    -2        2(C+20)  3H4-N. 

A  great  part  of  the  carbonic  acid  is  dlsen^ged  in  a  free  state^  because  the 
bicarbonate  formed  by  one  portion  of  cyanic  acid  is  decomposed  by  another; 
so  that  cyanate  of  ammonia  (urea)  is  instantly  generated,  and  remains  in 
solution.  It  is  also  obvious  that  pure  hydrous  cyanic  acid  cannot  undergo 
the  same  change  as  its  aqueous  solution. 

Cyanic  acid  forms  a  soluble  salt  with  baryta,  but  insoluble  ones  with  the 
oxides  of  lead,  mercury,  and  silver.  A  pure  soluble  cyanate,  as  that  of  po- 
tassa  for  instance,  gives  a  white  precipitate  with  nitrate  of  oxide  of  silver ; 
and  the  cyanate  of  that  ozide  is  soluble  without  residue  in  dilute  nitric  acid. 
The  action  of  cyanic  acid  on  ammonia  is  peculiarly  interesting.  When  dry 
ammoniacal  gas  is  roized  with  the  vapour  of  hydrous  cyanic  acid,  they 
form  a  white  crystalline  salt,  which  is  a  cyanate  of  ammonia  with  ezcess  of 
alkali,  probably  a  dicyanate,  and  one  equivalent  of  water.  This  salt  dis- 
solves in  water,  and  possesses  all  the  characters  of  a  cyanate  of  ammonia : 
potassa  displaces  ammonia,  and  an  acid  expels  cyanic  acid.  But  on  apply- 
ing a  gentle  heat  to  the  dry  salt,  or  evaporating  its  aqueous  solution,  anv- 
monia  escapes,  and  a  substance  remains  composed  of  the  same  elements  as 
cyanic  acid  and  ammonia,  but  which  does  not  evolve  cyanic  acid  or  am- 
monia when  an  acid  or  alkali  is  added ;  and  in  which  all  the  properties  of 
the  animal  principle  urea  may  be  recognised.  The  possibility  of  such  a 
change  is  readily  understood  by  comparing  the  composition  of  urea,  and  that 
of  cyanate  of  ammonia  with  one  equivalent  of  water.— -Thus 


Carbon       12J24 
Nitrogen    38.3 
Hydrogen    4 
Oxygen      1 6 


2«ql  . 

Cyanic  acid 

34.39    leq. 

42-8 

Ammonia 

17.15    leq. 

Water 

9         leq. 

(N+2C)+0. 

3  H+N. 

H-fO. 


60.54 
60.54 
Hie  hydrated  neutral  cyanate  of  ammonia  has  exactly  the  same  ingre- 
dients and  the  same  equivalent  as  urea;  and  whenever  the  elements  for  pro- 
ducmg  the  former  come  into  contact,  they  invariably  constitute  the  latter. 
This  production  of  urea  ensues  so  readily,  that  mere  exposure  of  the  dry 
dicyanate  to  the  air,  or  the  spontaneous  evaporation  of  its  aqueous  solution. 
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suffices  for  the  change.  These  phenomena  illustrate  in  a  most  instructive 
manner  the  subject  of  isomerism,  and  prove  bow  possible  it  may  be,  by  a 
difference  in  arrangement,  to  produce  two  different  compounds  with  the 
same  materials.  (An.  de  Ch.  et  de  Fb.  xlvi.  25.) 

The  existence  of  cyanic  acid  was  suspected  by  Vauquelin  before  it  was 
actually  discovered  by  Wohler.  The  experiments  of  the  former  chemist 
led  him  to  the  opinion  that  a  solution  of  cyanogen  in  water  is  gradually 
converted  into  hydrocyanic^  cyanic,  and  carbonic  acids,  and  ammonia ;  and 
he  supposed  alkalies  to  produce  a  similar  change.  He  did  not  establish  the 
fact,  however,  in^a  satisfactory  manner.    (An.  de  Ch.  et  de  Ph.  vol.  ix.) 

Fulminie  Add. — A  powerfully  detonating  compound  of  mercury  was 
described  in  the  Philosophical  Transactions  for  1800  by  Mr.  E.  Howard. 
It  is  prepared  by  dissolving  100  grains  of  mercury  in  a  measured  ounce 
and  a  half  of  nitric  acid  of  specific  gravity  1.3 ;  and  adding,  when  the  solu- 
tion has  become  cold,  two  ounees  by  measure  of  alcohol,  the  density  of 
*  which  is  0.849.  Tbe  mixture  is  then  heated  till  moderately  brisk  eflferves- 
oence  takes  place,  during  which  the  fulminating  compound  is  generated. 
A  similar  substance  may  be  made  by  treating  silver  in  the  same  manner. 
The  conditions  necessary  for  forming  these  compounds  are,  that  the  silver 
or  mercury  be  dissolved  in  a  fluid  which  contains  so  much  free  nitric  acid 
and  alcohol,  that  on  the  application  of  heat  nitric  ether  shall  be  freely  dis- 


rulminating  silver  and  mercury  bear  the  heat  of  212°  or  even  260°  with- 
out detonating;  but  a  higher  temperature,  or  slight  percussion  between  two 
hard  bodies,  causes  them  to  explode  with  violence.  The  nature  of  these 
compounds  was  discovered  in  1823  by  Liebig,*  who  demonstrated  that  they 
are  salts  composed  of  a  peculiar  acid,  which  he  termed  fulminie  acid,  in 
combination  with  oxide  of  mercury  or  silver.  According  to  an  analysis  of 
fulminating  silver  made  by  Liebig  and  Gay.Lu8sac,t  the  acid  of  the  salt  is 
composed  of  26.39  parts  or  one  equivalent  of  cyanogen,  and  8  parts  or  one 
equivalent  of  oxygen.  It  is  hence  inferred  to  be  a  real  cyanic  exidy  identi- 
cal in  composition  with  the  cyanic  acid  of  Wohler,  though  essentially  diC 
ferent  in  its  proptirties.  The  composition  of  this  acid  is  differently  stated 
by  Mr.  Davy  of  Dublin ;  but  the  known  care  and  skill  of  Gay-Lussac  and 
Liebig  in  such  researches  justify  all  confidence  in  their  result. 

It  is  remarkable  that  the  oxide  of  silver  cannot  be  entirely  separated  from 
fulminie  acid  by  means  of  an  alkali.  On  digesting  fulminate  of  that  oxide 
in  potassa,  one  equivalent  of  oxide  of  silver  is  separated,  and  a  double  ful- 
minate is  formed,  which  consists  of  two  equivalents  of  fulminie  acid,  one  of 
oxide  of  silver,  and  one  of  potassa.  Similar  compounds  may  be  procured 
by  substituting  other  alkaline  substances,  such  as  baryta,  lime,  or  magnesia, 
for  the  potassa.  lliese  double  fulminates  are  capable  of  crystallizing;  and 
they  all  possess  detonating  properties. 

From  the  presence  of  oxide  of  silver  in  the  double  fulminates,  it  was  at 
first  imagined  that  this  oxide  actually  constitutes  a  part  of  the  acid;  but 
since  several  other  substances,  such  as  oxide  of  mercury,  zinc,  and  copper, 
may  be  substituted  for  that  of  silver,  this  view  can  no  longer  be  admitted. 

We  are  indebted  to  Mr.  Davy  for  a  method  of  obtaining  fulminie  acid  in 
a  separate  state.  Into  a  bottle  with  a  ground  stopper  arc  inserted  one  part 
of  fulminating  mercury,  two  parts  of  dean  zinc  filings,  and  about  18  parts 
of  water;  and  the  materials,  kept  at  a  temperature  of  80°,  are  occasionally 
agitated,  in  order  that  metallic  mercury  should  be  thrown  down  and  fulmi- 
nate of  oxide  of  zinc  be  generated.  This  salt  is  then  decomposed  by  a 
solution  of  pure  baryta,  and  the  resulting  fulminate  of  baryta  decomposed 
bv  a  quantity  of  dilute  sulphuric  acid  just  sufficient  to  neutralize  the  baryta. 
The  fiilminic  acid  tlius  obtained  is  a  colourless,  transparent  liquid,  of  a 
pungent  odour,  somewhat  like  strong  prussic  acid,  and  has  a  sweet  taste 
mllowed  by  a  particular  astringency  and  disagreeable  impressioQ  on  the 

*  An.  de  Ch.  et  de  Ph.  vol.  xxiv.  t  Ibid.  zxv. 
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palate.  It  is  volatile,  poieonoiie  to  animaby  and  haa  aa  aeid  reaction.  AAer 
a  few  hoara  it  aoqairea  a  yellow  tint,  aDd  underffoes  partial  decompoeition; 
bat  the  nature  of  the  change,  and  the  effects  of  heat  and  chemicid  agents 
in  general  on  fulminic  acid  are  not  yet  understood. 

Vyamiric  Aeid. — ^This  compound  was  originally  prepared  by  gently  boil- 
ing the  Bo-called  bichloride  of  cyanogen  in  water.  On  the  supposition  of 
its  discoverer  Serollas,  that  it  ooDsists  solely  of  cyanogen  and  oxygen,  and 
that  htf  bichloride  of  cyanogen  has  the  composition  implied  by  its  name, 
the  origin  of  cyannric  acid  would  be  referable  to  the  mutual  decomposition 
of  water  and  the  bichloride;  but  since  Wohler  and  Liebig  have  proved 
i^nuric  acid  to  contain  hydrogen  as  well  as  oxygen  and  cyanogen,  its 
Modoction  by  this  method  ceases  to  be  intelligiblo,  and  there  u  oonseqnenl- 
ly  a  weU-groundcd  suspicion  of  the  bichloride  of  cyanogen  having  a  differ- 
ent constitution  from  that  stated  by  Serullas.  (An.  de  Ch.  et  de  Ph.  zxxviii. 
379,  and  xlvL  25.)  However  this  may  be,  the  preceding  process  gives  riM 
to  cyanuric  and  hydrochloric  acids;  and  on  evaporating  the  solotioo,  the 
latter  is  expelled  in  vapour,  and  the  former  deposited  on  eooling  in  obhcj^iie 
rhomboidal  prisms.  The  crystals  are  further  purified  by  a  seeoad  sohitioD 
and  evaporation. 

As  thus  obtained,  cyanuric  acid  is  chemically  united  with  two  equivaleali 
of  water.  The  recent  crystals  are  coioorleas  and  tran^Mrent,  but  become 
opaii|iie  by  exposure  to  the  air,  and  if  heated  to  313°,  their  water  of  crrslal- 
luation  is  wholly  expelled.  In  cold  water  they  are  very  iporingty  sorabls; 
bat  thev  are  dissolved  by  this  menstruuBB,  as  also  by  solpharic,  nitrie,  and 
hydrochloric  acid,  with  the  aid  of  heat  They  have  little  tasle,  veddw 
litmus  paper,  and  are  rather  lighter  than  snlphoric  acid.  One  of  the  meet 
remarkable  characters  of  the  acid  is  its  permanenoe.  For  instance,  it  may 
be  boiled  in  strong  nitric  or  sulphuric  aeid  without  deeomposition ;  and  \lf 
evaporating  its  solution  in  the  former,  it  is  obtained  in  a  very  while  and 
pore  state.  It  is  volatile  at  a  lower  temperature  than  boiling  mercury,  and 
eondenses,  unchanged,  in  the  form  of  acieular  crystals.  When  heated  with 
potassium,  it  is  decomposed,  yielding  potassa  and  cyanoret  ef  pntaselqm. 
With  metallic  oxides  it  forms  permanent  salts,  which  do  not  detonate. 

Anhydrous  cyanuric  acid,  first  noticed  by  Wohler,  is  obtained  by  eooling 
Bam  a  hot  concentrated  solution  of  the  crystals  in  sulphuric  or  hydrocUofie 
acid.  The  figure  of  its  crystals,  when  they  are  regularly  formed,  is  that  of 
an  octohecbtm  with  a  square  base.  When  the  tmhydrous  acid  is  sharply 
heated,  part  of  it  sublimes  without  change;  but  part  is  decompoaed,  aid 
hydroQs  cyanic  acid,  as  already  mentioned,  is  formed  in  considerabfe 
.quantity'. 

Liebig  and  Wohler  have  remarked,  that  the  substance  ealled  pyrcmie 
acid,  wmeh  sublimes  when  uric  acid  is  decomposed  by  heat,  b  cyanuric 
acid.  This  compound  is  also  formed,  according  to  Liebig*  by  transmitting 
chlorine  fas  through  water  in  which  cyanate  of  oxide  of  silver  is  suspenok 
ed;  chloride  of  silver,  carbonic  acid,  and  ammonia  bein^  generated  at  the 
same  time.  Liebig  also  states,  that  on  heating  dry  unc  acid  in  dry  ehlo- 
rine  gas,  a  large  quantity  of  cyanic  and  hydrochloric  adds  is  generated. 
He  adds,  fiirther,  that  cyanate  of  potassa,  when  heated  in  strong  acetic 
acid,  is  converted  into  cyanurate  of  potassa.  (An.  de  Ch.  et  de  Ph.  xli.  dSS, 
and  xliii.  64) 

Cyanuric  acid  may  also  be  obtained  from  urea,  a  mode  of  preparation 
which  has  lately  been  illustrated  by  the  joint  labours  of  Wohler  and  Liebig. 
When  pure  urea  is  pot  into  a  retort,  and  heated  b^  a  gradually  increasing 
temperature  to  about  600^,  it  is  entirely  resolved  mto  ammonia  and  anhy- 
droos  cyannric  acid,  the  former  of  which  eecapos,  while  the  latter,  if  the 
heat  be  carefully  managed,  is  left  entirely  in  the  retort  In  order  to  sspap 
rate  some  ammonia  which  is  always  retained,  it  is  dissolved  in  hot  concon^ 
trated  sulphuric  acid,  and  nitric  acid  is  added  drop  by  drop  until  it  occasions 
no  further  effervescence,  and  the  solution  becomes  colourless.  After  cooling 
it  is  mixed  with  cold  water,  which  throws  down  the  cyanuric  acid  in  the 
form  of  a  crystalline  powder  of  brilliant  whiteness.    It  may  also  be  pun- 
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fiad  by  transmitting  a  current  of  chlorine  through  vrater  in  which  the  im- 
pure acid  is  suspended.  Very  lar^  crystals  may  be  obtained  by  formings  a 
saturated  solution  of  the  pure  acid  in  boiling  water,  evaporating  it  to  one- 
half  <^  its  volume  on  a  sand-bath  heated  to  about  150°,  and  allowing  it  to 
cool  gradually  on  the  sand-bath  itself. 

The  analysis  of  cyanuric  acid  by  Wohler  and  Liebig  accounts  in  an 
elegant  manner  for  its  production  from  urea.  Tbej  have  established  the 
singular  fact  that  cyanuric  acid  contains  the  same  elements,  in  the  verj 
same  proportion,  as  hydrous  cyanic  acid.  Hence  the  formulce  of  page  271, 
connecting  the  composition  of'^urea  and  hydrous  cyanic  acid,  will  also  serve 
to  compare  the  constitution  of  urea  and  cyanuric  acid :  the  elements  of  urea 
may  be  disposed  into  such  order  as  to  constitute  either  hydrated  cyanate,  or 
anhydrous  cyanurate,  of  ammonia,  though  in  reality  they  have,  doubtless,  a 
very  di£[erent  arrangement  The  elements  of  water,  contained  in  hydrous 
cyanic  acid  as  ^ater,  and  separable  from  that  acid,  appear  to  exist  in 
cyanuric  acid  in  a  wholly  different  state,  and  to  be  essential  to  the  existence 
tf  cyanuric  acicL  Besides,  one  equivalent  of  cyanuric  acid  (page  266), 
namely,  3Cy,  60,  and  3H^  contains  the  same  elements  as  three  equiva- 
lents of  hydrous  cyanic  acid;  and  hence  three  cq.  of  urea  are  capable  of 
supplying  one  eq.  of  cjranuric  acid  and  three  eq.  or  ammonia. 

Another  interesting  compound  described  in  the  important  essay  of  Wah- 
ler  and  Liebig,  is  that  which  they  have  termed  itwdtMe  eyanurie  acid,  a 
compound  entirely  diflerent  in  its  chemical  properties  from  the  preceding 
soluble  acid,  and  yet  identical  with  it  in  the  nature  and  ratio  of  its  elements, 
and  in  having  the  same  equivalent  This  is  the  substance  already  mention- 
ad  as  the  sole  product  of  the  spontaneous  decomposition  of  hydrous  cyanic 
acid,  three  eq.  of  which  yield  one  eq.  of  insoluble  cyanuric  acid,  without 
kes  or  gain  of  a  single  element  This  acid,  as  isomeric  with  cyanuric  add, 
may  appropriately  be  called  paracyanurie  aeid. 

The  preceding  history  sufficiently  explains  the  origin  of  the  name  ap- 
plied to  these  acids.  The  term  cyatMirie^  is  suggested  by  the  close  relation 
of  these  acids  to  urea  and  uric  acid,  added  to  the  circumstance  of  cyanogen 
being  an  essential  part  of  their  composition. 

Chloride  €f  Cyanogen, — ^The  existence  of  this  compound  was  first  noticed 
*  by  Berthollet,  who  named  it  oxypruesie  actd,  on  the  supposition  of  its  con- 
taining  prussic  acid  and  oxygen ;  and  it  was  afterwards  described  by  Gay- 
Lassae,  in  his  essay  on  cyanogen,  under  the  appellation  of  chlorocyanieactd. 
It  was  procured  by  this  chemist  by  transmitting  chlorine  gas  into  an 
aqueous  solution  of  hydrocyanic  acid  until  the  liquid  acquir^  bleadiing 
properties,  removing  the  excess  of  chlorine  by  agitation  with  mercury,  ana 
then  heating  the  mixture,  so  as  to  expel  the  gaseous  chloride  of  cyanogen. 
The  chemical  changes  which  take  place  during  this  process  are  complicated. 
At  first  the  elements  of  hydrocyanic  acid  unite  with  separate  portions  of 
chlorine,  and  give  rise  to  hydrochloric  acid  and  chloride  of  cyanogen ;  and 
when  heat  is  applied,  the  elements  of  the  chloride  and  water  react  on  each 
other,  in  consequence  of  which  hydrochloric  acid,  ammonia,  and  carbonic 
acid  are  generated.  Owing  to  this  circumstance  the  chloride  of  cyanogen 
was  always  mixed  witli  carbonic  acid,  and  its  properties  imperfectly  under- 
stood. 

During  the  year  1829  Serullas  succeeded  in  procuring  this  compound  in 
a  pure  state,  by  exposing  bicyanuret  of  mercary,  in  powder  and  moistened 
with  water,  to  the  action  of  chlorine  gas  contained  in  a  well-stopped  phial. 
The  vessel  is  kept  in  a  dark  place ;  and  afler  ten  or  twelve  hours  the  colour 
of  the  chlorine  is  no  longer  perceptible,  bichloride  of  mercury  is  found  at 
the  bottom  of  the  phial,  and  its  space  is  filled  with  the  vapour  of  chloride  of 
cyanogen.  The  bottle  is  then  cooled  down  to  zero  by  freezing  mixtures  of 
snow  and  salt,  at  which  temperature  chloride  of  cyanosren  is  solid.  Some 
chloride  of  calcium  is  then  introduced,  the  stopper  rephiced,  and  the  bottle 
kept  in  a  moderately  warm  situation,  in  order  that  the  moisture  within  may 
be  completely  absorbed.  The  chloride  of  cyanogen  is  then  again  solidified 
by  cold,  the  phial  completely  filled  with  dry  and  cold  mercury,  and  a  bent 


COMPOUNDS  or  mTROOEN  AND  CARBON.  975 

tube  adapted  to  ita  aperture  by  meana  of  a  cork.  The  lolid  chloride,  which 
remains  adhering  to  the  inner  surface  of  the  phial,  ia  converted  into  gas  by 
gentle  heat,  and  passing-  along  the  tube,  is  collected  over  meroary.  Expo- 
snre  to  the  direct  solar  rays  interferes  with  the  success  of  this  process :  hy- 
drochlorate  of  ammonia,  together  with  a  little  carbonic  acid,  is  then  gene- 
rated, and  a  yellow  liquid  collects,  which  appears  to  be  a  mixture  of  chlo- 
ride of  carbon  and  chloride  of  nitrogen.  (An.  de  Ch.  et  de  Ph.  xzxy.  291.) 

Chloride  of  cyanogen  is  solid  at  0°,  and  in  congealing  crystallizes  in  very 
long  slender  needles.  At  temperatures  between  5°  and  10.5°  it  is  liquid, 
and  also  at  689  under  a  pressure  of  four  atmospheres;  but  at  the  common 
pressure,  and  when  the  thermometer  is  above  10.5°  or  11°,  it  is  a  colourless 
gas.  In  the  liquid  state  it  is  as  limpid  and  colourless  as  watery  It  has  a  very 
offensive  odour,  irritates  the  eyes,  is  corrosive  to  the  skin,  and  highly  inju- 
rious to  animal  life. 

Chloride  of  cyanogen  is  very  soluble  in  water  and  alcohol.  The  former 
under  the  common  pressure,  and  at  68°  dissolves  twenty.five  times  its  vo- 
lume. Alcohol  takes  up  lOQ  times  its  volume,  and  the  absorption  is  effected 
almost  with  the  same  velocity  as  that  of  ammoniacal  eas  by  water.  ■  These 
solutions  are  quite  neutral  with  respect  to  litmus  and  turmeric  paper,  and 
may  be  kept  without  apparent  change.  The  gas  may  even  be  separated 
without  decomposition  by  boiling.  The  chloride  of  cyanogen,  accordingly, 
does  not  possess  the  characters  of  an  acid. 

The  changes  induced  by  the  action  of  alkalies  do  not  appear  to  be  very 
clearly  understood.  SeruUas  agrees  with  Gray-Lussac  in  stating,  that  if  to  a 
solution  of  chloride  of  cyanogen  a  pure  alkali  is  added,  and  then  an  acid, 
effervescence  ensues  from  the  escape  of  carbonic  acid  gas.  Ammonia,  and 
probably  hydrochloric  and  hydrocyanic  acid,  are  abo  generated. 

According  to  Gay-Lussac  and  Serullas,  100  measures  of  the  vapour  of 
chloride  of  cyanoj^en  contain  50  measures  of  cyanogen  and  50  of  chlorine 
gasea.  The  density  of  a  vapour  so  constituted  shouia  be  2.1438  and  its  ele- 
ments have  the  ratio  assigned  at  page  266. 

Biehioride  of  Cyanogen.-^This  compound,  which  is  said  to  contain  twice 
as  much  chlorine  as  the  preoedinff,  was  prepared  by  Serullas  by  the  action 
of  dry  chlorine  on  anhydrous  hydrocyanic  acid,  hydrochloric  acid  beinr  ge- 
nerated at  the  same  time.  It  is  solid  at  common  temperatures,  and  oc- 
curs in  white  acicular  crystals.  At  284°  it  fuses,  and  enters  into  ebullition 
at  374^.  Ito  vapour  is  acrid  and  excites  a  flow  of  tears,  and  it  is  very  de- 
structive to  animals.  Its  odour  somewhat  resembles  that  of  chlorine,  and  is 
very  similar  to  that  of  mice.  It  is  very  soluble  in  alcohol  and  ether,  and 
is  precipitated  from  them  by  water,  which  dissolves  it  in  small  quantity. 
When  boiled  in  water,  or  solution  of  potassa,  it  is  converted  into  hydrochlo- 
ric and  cyanuric  acids.  (An.  de  Ch.  et  de  Ph.  xxxviii.  370.)  Recent  re- 
searches throw  great  doubt  on  the  composition  of  this  substence  as  stated 
by  Serullas.  (Page  273.) 

Iodide  of  Cyanogen. — ^This  compound  was  discovered  by  Davy  in  1816. 
(Quarterly  Journal  of  Science,  i,  289.)  and  since  studied  by  Serullas,  who 
recommended  for  its  preparation  the  following  process.  (An.  de  Ch.  et  de 
Ph.  xxvii.)  Two  parte  of  bicyanuret  of  mercury  and  one  of  iodine  are  inti- 
mately and  quickly  mixed  in  a  glass  mortar,  and  the  mixture  is  introduced 
into  a  phial  with  a  wide  mouth.  On  applying  heat  the  violet  vapours  of 
iodine  appear ;  but  as  soon  as  the  bicyanuret  of  mercury  begins  to  be  do- 
composed,  the  vapour  of  iodine  is  succeeded  b^  white  fumes,  which,  if  re- 
ceived in  a  cool  glass  receiver,  condense  upon  ite  sides  into  flocks  like  cot- 
ton wooL  The  action  is  found  to  be  promoted  by  the  presence  of  a  lijltle 
water. 

Iodide  of  cyanogen,  when  slowly  condensed,  occurs  in  very  long  and  ex- 
ceedingly slender  needles,  of  a  white  colour.  It  has  a  very  caustic  taste  axid 
penetratmg  odour,  and  excites  a  flow  of  tears.  It  sinks  rapidly  in  sulphuric 
acid.  It  is  very  volatile  and  sustains  a  temperature  much  higher  than  212° 
without  decomposition,  but  it  is  decomposed  by  a  red  heat  It  dissolves  in 
water  and  aloohoL  and  forms  solutions  which  do  not  redden  litmus  paper. 


COMPOUlfra  OF  IflTBOOIir  AND  OARBOK. 

»  act  npoa  it  in  the  Bame  manner  aa  on  chloride  of  GyanogeD^  a  oom- 
to  whicn  it  ia  very  analogroua. 

hurona  add,  when  water  ia  preaent,  haa  a  very  powerful  action  on 
of  cyanogen.  On  adding  a  few  dropa  of  thia  acid,  iodine  ia  aet  free, 
drocvanic  acid  produced ;  but  wiien  more  of  the  aulphuroua  acid  is 
red,  tne  iodine  diaappeara,  and  the  adution  ia  fband  to  contain  hy- 
acid.  Theae  changea  are  of  ooorae  accompanied  with  formation  of 
ric  acid,  and  decompoettion  of  water. 

de  of  cyanogen  haa  not  been  analyzed  with  accuracy ;  but  Serullaa  in- 
tm  an  approximate  analyaia,  that  it  ia  compoaed  of  one  equivalent  of 
and  one  of  cyanogen. 

nide  of  Cyanogen^ — ^Thia  aubatance  waa  prepared  by  Liebig  by  a  pro- 
milar  to  that  deacribed  for  procuring  iodide  of  cyanogen.  At  the  bot- 
'  a  amall  tubulated  retort,  or  a  rather  long  tube,  ia  placed  aome  bicy- 
of  mercury  alightly  moiatened,  and  after  cooling  the  apparatua  by 
ater,  or  atili  better  by  a  freezing  mixture,  a  precaution  which  ia  indis- 
•le  in  aummer,  half  ita  weight  of  bromine  ia  introduced.  Strong  reac- 
stantly  enauea,  and  heat  ia  ao  freely  evolved,  that  a  conaiderable  quan- 
the  bromine  would  be  diaaipated,  unleaa  the  temperature  of  the  retort 
en  previoualy  reduced.  The  new  producta  are  bromide  of  mercury 
omide  of  cyanogen,  the  latter  of  which  cdlecta  in  the  upper  part  of 
«  in  the  form  of  long  needlea.  After  allowing  any  vapour  of  bromine, 
may  have  riaen  at  the  aame  time,  to  condenae  and  fall  back  upon  the 
uret  of  mercury,  the  bromide  of  cyanogen  ia  expelled  by  a  gentle 
nd  collected  in  a  recipient  carefully  cooled. 

hua  formed,  the  bromide  ia  crystallized,  aometimea  in  amall  regular 
eaa  and  tranaparent  cubes,  and  aometimea  in  long  and  very  alender 
I.  In  its  physical  propertiea  it  is  ao  very  similar  to  iodide  of  cyanogen, 
ey  may  easily  be  mistaken  for  each  other,  especially  when  the  crya- 
tne  bromide  poaaeas  the  acicular  ferm.  They  agree  closely  in  odour 
latility,  but  the  bromide  ia  even  more  volatile  than  the  iodide  of  cya^ 
It  ia  converted  into  vapour  at  59^,  and  cryatallizea  auddenly  on  cooL 
'ta  aolubility  in  water  and  alcohol  ia  likewise  greater  than  that  of 
Df  cyanogen.  By  a  solution  of  caustic  potaaaa  it  ia  converted  into 
3  of  potaaaa  and  bromide  of  potassium. 

lide  of  cyanogen  is  highly  deleterioua.  A  grain  of  It  dissolved  in  a 
atcr,  and  introduced  into  the  oesophagus  of  a  rabbit,  proved  fatal  on 
ant,  acting  with  the  same  rapidity  as  hydrocyanic  acid.  In  conae- 
of  the  vouLtility  and  noxious  qualities  of  the  aubatance,  experiments 
should  be  conducted  with  great  circumapection.  The  danger  from 
ise,  together  with  a  deficient  aupply  of  bromine,  prevented  Serullaa 
ontinuing  the  inyeatigation  of  ita  propertiea.  (Edin.  Journal  of 
vii.  189.) 

tsulphocyanie  Acid, — This  acid  waa  discovered  in  1808  by  Mr.  Por- 

)  ascertained  that  it  ia  a  compound  of  aulphur,  carbon,  hydrogen, 

Dgen,  and  described  it  under  the  name  of  tulphuretted  ehyazic  aeid^ 

I  chyaxic  being  compoaed  of  tlie  initiab  of  carbon,  hydrogen,  and 

l  ia  now  generally  called  nUj^oeyanic  or  hydrontlphocyanic  acid, 

be  procured  by  diatilling  a  strong  solution  of  sulphocyanuret  of 

a  with  pboephoric  acid ;  when  bydrosuiphocyanic  acid  passes  over 

*ecipient,  and  phosphate  of  potassa  remaina  in  the  retort:  aulphurio 

be  substituted  for  the  phosphoric,  but  in  that  caae  sulphurous  acid 

ted.    Another  process  is  to  suspend  recently  formed  sulphocvanuret 

or  mercury  in  water,  and  transmit  through  it  a  current  of*^  hydro* 

acid  gaa ;  when,  by  an  interchange  of  elements,  sulphuret  of  silver 

*y  and  bydrosuiphocyanic  acid  are  produced.    The  aolution  is  fil- 

[  the  exceaa  of  gas  expelled  by  a  gentle  heat,  or  a  amall  quantity  of 

nuret  of  silver.  (Beraelius.) 

ution  of  hydrosulphocyanic  acid  is  either  colourless  or  haa  a  shade 
nd  ita  odour  somewhat  resembles  that  of  vinegar.    The  etrongest 
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lolotion  of  it  which  Mr/Porrett  cotlld  obtain  had  a  ap.  m?ily  of  1 022. 
At  2I&50  it  boilst  and  at  54^<>  it  crystaUizea  in  aiz^ided  pnams. 

Though  it  eootaim  the  elements  of  hydrocyanic  acid,  it  ia  quite  distinct 
from  it  in  ita  characters;  it  is  much  less  poisonous,  is  distinctly  acid  to  the 
taste  and  test  paper,  and  nentralizes  alkalies.  Like  most  of  the  hydracids, 
it  refuses  to  unite  with  many  of  the  metallic  oxides,  because  its  radical 
unites  by  preference  with  the  metal,  and  ita  hydrogen  with  the  oxygen  of 
the  oxides. 

Hydrosulphocyanic  acid  is  easily  detected  by  a  salt  of  the  peroxide  of 
iron,  with  which  it  gives  a  deep  blood-red  solution*  With  a  salt  of  copper 
it  yields  a  white  precipitate,  which  is  a  sulphocyanuret  of  that  metaL  It  is 
gradually  deprived  of  its  hydrogen  by  exposure  to  the  atmosphere,  and  the 
same  change  is  rapidly  effected  by  chlorine  or  nitric  acid,  btsulphuret  of 
cyanogen  Iwin^  precipitated. 

The  composition  of  this  hydracid,  as  given  at  page  266,  is  on  the  autho- 
rity of  Porrett  and  Borzelius.  (An.  of  Phil,  xiii.,  and  An.  de  Ch.  et  de 
Ph.  xvi.) 

Bitfulphurtt  of  Cyanogen, — ^This  compound  is  the  hast  or  radical  of  hy- 
drosulpbocyanic  acid,  and  was  obtained  in  a  separate  state  by  Liebig.  (An. 
de  Ch.  et  de  Ph.  xlL  187.)  It  was  prepared  by  exposine^useid  sulphocvano- 
ret  of  potassium  to  a  current  of  dry  chlorine  gas.  Reaction  readily  en* 
sued,  and  at  first  chloride  of  sulphur  and  bichloride  of  cyanogen  distilled 
over;  but  at  length  a  red  vapour  appeared,  which  collected  as  a  red  or 
orangpe-coloured  substance  in  the  upper  pa4  of  the  tube.  In  this  state  it 
contained  some  free  sulphur,  which  was  in  a  great  measure  removed  by 
heating  it  in  dry  chlorine  eas;  when  it  acquired  an  orange  tint,  and  in 
powder  was  yellow.  It  had  then  so  nearly  the  constitution  of  bisulphuret 
of  cyanogen,  that  there  can  be  little  doubt  of  its  being  such.  When  heated 
with  potassium,  the  action  is  exceedingly  violent,  and  three  compounds,  sul- 
phocyanuret, sulphuret,  and  cyanuret  of  potassium  are  generated. 

If  a  solution  of  hydrosulphocyanic  acid  is  exposed  to  the  air,  a  yellow 
matter  gradually  collects,  which  W<vhler  conceived  to  be  a  compound  of  sul- 
phur  and  hydrosulphocyanic  acid,  but  which  Liebig  considers  bisulphuret 
of  cyanogen.  It  is  formed  freely  by  boiling  sulphocyanuret  of  potassium 
with  dilute  nitric  acid,  the  best  proportions  being  1  part  of  the  salt,  3  of 
water,  and  2  or  2.5  of  nitric  acid;  for  if  the  nitric  acid  be  too  strong  or  in 
too  great  excess,  the  vellow  compound  will  not  be  formed.  It  is  also  gene- 
rated by  the  action  of  chlorine  on  a  strong  solution  of  the  salt  In  fact,  the 
oxygen  of  the  air,  nitric  acid,  and  chlorine,  act  upon  sulphocyanic  acid  in 
the  same  manner  as  on  hydriodic  and  hydrosulphuric  acids.  The  yellow 
matter  retains  water  with  obstinacy. 

Ctfano-hydrtmulphurie  Acid,^When.  hydrosulphuric  acid  gas  is  trans- 
mitted into  a  saturated  solution  of  cyanogen  in  alcohol,  the  liquid  acquires 
a  reddish-brown  tint,  and  in  a  diort  time  numerous  small  crystals  of  an 
orange-red  colour  are  generated.  At  page  266  I  have  represented  this  acid 
as  a  compound  of  cyanogen  with  hydrosulphuric  acid;  but  Wohler  and 
Liebig,  who  analyzed  it,  consider  it  rather  as  a  hvdracid  differing  from  the 
hydrosulphocyanic,  only  in  containing  t^o  equivalents  of  hydrogen  instead 
of  one.  The  red  crystals  consist  of  three  eq.  of  the  acid  and  one  eq.  of 
water,  and  dissolve  in  alcohol  and  water  at  a  boiling  temperature,  but  are 
sparingly  soluble  in  both  liquids  when  cold.  The  acid  appears  tp  unite 
directlv  with  some  metallic  oxides;  but  with  others  a  sulphocyanuret  is 
formed.  Frequently,  as  with  acetate  of  oxide  of  lead,  a  sulphuret  and  sul- 
phocyanuret of  the  metal  are  formed  at  the  same  time.  (An.  de  Ch.  et  de 
Ph.  xlix.21.) 

Sulphurtt  of  Cyanogen, — Another  sulphuret  of  cyanoj^n,  different  from 
that  just  described,  was  discovered  in  1828  by  M.  Lassaigne.  It  was  pre- 
paredf  by  the  action  of  bicvanurct  of  mercury  in  fine  powder  with  half  its 
weight  of  bichloride  of  sulphur,  confined  in  a  small  glass  ^lobe,  and  ex^ 
posed  for  two  or  three  weeks  to  day-light.    A  small  quanUty  of  crystals, 
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biting  to  the  toDgtie  and  of  a  penetrating  odour,  eolleetod  in  the  upper  part  of 
the  vessel,  which  formed  red-coloured' compounds  with  persalts  of  iron.  Ita 
constitution  has  not  been  aecarately  determined;  and  the  attempts  of  laebig 
to  prepare  it  were  unsuccessful.    (An.  de  Ch.  et  de  Fh.  xxxiz.) 

Jffydroieleniocyamie  Acid, — ^The  radical  of  this  acid  was  obtained  by 
Beneiius  in  combination  with  potassium,  bat  he  could  not  obtain  the  acid 
ia  a  separate  state.  It  may  be  regarded  as  a  hydracid,  of  which  selenioret 
of  cyanogen  is  the  radical. 


SECTION  VII. 

COMPOUNDS  OF  SULPHUR  WITH  CARBON,  Ac. 

Hie  compounds  described  in  this  section  are  thus  constituted: 

Equiv.         Formulc. 
Ksulph.  of  carbon        Carb.    €.12  +  Sulp.  39.28ss3a3Si.    C+9S  ores'. 
Solph.  of  phosphorus.  Composition  uncertain. 

fiisulph.  of  seleninm    Selen.  39.6  +  Sulp.  dS2.2s871.6.     Se-fSS  or  SeS«. 
Selen.  cf  phosphorus.  Composition  uncertain. 

Biaulphuret  of  Carh&n, — This  substance  was  discovered  accidentally  in 
the  year  1796  by  Professor  Lampadins,  who  regarded  it  as  a  compound  of 
sulphur  and  hydrogen,  and  termed  it  alcohol  of  sulphur.  Clement  and  De- 
sormcs  first  declared  it  to  be  a  sulpharet  of  carbon,  and  their  statement  was 
ifaUy  confirmed  by  the  joint  researches  of  Berielius  and  the  late  Dr.  Maroet. 
(Phil.  Trans.  1813.) 

Bisnlphuret  of  carbon  may  be  obtained  by  beatin|r  in  close  Tessels  natire 
bisulphuret  of  iron  (iron  pyrites)  with  one-fiflh  of  its  weight  of  well-dried 
charioal ;  or  by  transmitting  the  rapoor  of  sulphur  over  fragments  of  char* 
coal  heated  to  redness  in  a  tube  of  porcelain.  The  compound,  as  it  is  form- 
ed, should  be  conducted  by  means  of  a  glass  tube  into  cold  water,  at  the 
bottom  of  which  it  is  collected.  To  fr^  it  from  moisture  and  adhering 
sulphur,  it  should  be  dbtilled  at  a  low  temperature  in  contact  with  chloridte 
of  calcium. 

Bisulphuret  of  carbon  is  a  transparent  colourless  liquid,  which  is  remark- 
able  for  its  high  refractive  power.  Its  specific  gravity  is  1.273.  It  has  an 
acid,  pungent,  and  somewhat  aromatic  taste,  and  a  very  fetid  odour.  It  is 
exceedingly  volatile; — its  vapour  at  63.5°  supports  a  column  of  mercury  7.36 
inches  long;  and  at  110°  it  enters  into  brisk  ebullition.  From  its  greait 
volatility  it  may  be  employed  for  producing  intense  cold. 

J^ulphurot  of  carbon  is  very  inflammable,  and  kindles  in  the  open  air  at 
a  temperature  scarcely  exceeding  that  at  which  mercury  boils.  It  bums 
with  a  pale  blue  flame.  Admitted  into  a  vessel  of  oxygen  gas,  so  much  va- 
pour  rises  as  to  form  an  explosive  mixture;  and  when  mixed  in  like  manner 
with  binoxide  of  nitrogen,  it  forms  a  combustible  mixture,  which  is  kindled 
on  the  approach  of  a  lighted  taper,  and  burns  rapidly,  with  a  large  greenish, 
white  flame  of  dazzling  brilliancy.  It  dissolves  readily  in  alcohol  and  ether, 
and  is  precipitated  from  the  solution  by  water.  It  dissolves  sulphur,  phos- 
phorus, and  iodine,  and  the  solution  of  the  latter  has  a  beautifbl  pink  colour. 
Chlorine  decomposes  it,  with  formation  of  chloride  of  sulphur.  The  pure 
acids  have  little  action  upon  it  By  nitro-bydrochloric  acid  it  is  changed 
into  a  white  crystalline  substance  like  camphor,  which  Berzelius  regards  as 
a  compound  of  the  hydrochloric,  carbonic,  and  sulphurous  acids. 

Bisulphuret  of  carbon  is  a  sulphur  acid,  that  is,  unites  with  9ul^ur-ha8t9 
to  constitute  compounds  analogous  to  ordinary  salts,  and  hence  called  ml. 
phuT-MUs,  Thus  bisulphuret  of  carbon  unites  with  sulpburet  of  potassium, 
fbrming  k  sulphur-salt,  in  which  the  fbrmer  acts  as  an  acid  and  the  latter  as 
a  base.  The  same  compound  is  formed  by  the  action  of  bisulphuret  of 
oarbon  on  a  solution  of  pure  potaasa;  but  in  this  case  sulpburet  of  potas- 


nam  k  fint  generated  hy  ea  interohuigra  ef  elemento  with  a  portion  of  bitiil. 
pharet  of  earboiif  carbonic  acid  being  produoed  at  the  same  time.— Thns 

8  eq.  potAMa  fc  1  eq.  bisoTph.  carbon  S  S  eq.  nilpburet  poUMium  &  1  eq.  c«rb.  acid. 
2(K-ha)  C+2S       •«  2(K+S)  C+20. 

If  the  biflnl[Anrei  of  carbon  is  in  ■officient  quaatitTf  carbonic  acid  ra  is 
disenfaged,  and  a  neutral  compoand  remits. '  Such  is  inferred  to  be  the 
natiire  of  the  change,  agreeably  to  the  researches  of  Benelias  on  the  snl- 
phur-salts.  The  action  of  potassa  on  bisolphnret  of  carbon  has  been  stadied 
by  M.  Zeiss,  Professor  <^  Chemistry  at  Copenhagen,  who  inferred  the  pro- 
duction of  a  peculiar  hydracid,  composed  of  carbon,  sulphur,  and  hydrogen, 
which  he  thoogbt  was  united  with  potassa;  but  the  more  probable  eifdana- 
tion  of  the  phenomena  is  that  above  given.    (An.  of  PbiL  xx.  241.) 

StMurel  ef  PAssfAems. — ^When  sulphur  and  insed  phosphonts  are 
brongnt  into  contact  they  unite  readily,  but  in  proportions  which  have  not 
been  precisely  determined;  and  they  frequently  react  on  each  other  with 
Buch  violence  as  to  cause  an  explosion.  For  this  reason  the  experiment 
should  be  made  with  a  quantity  of  phosphorus  not  exceeding  30  or  40 
grains.  The  phosphorus  is  placed  in  a  glass  tube,  five  or  six  inches  long, 
and  about  half  an  inch  wide ;  and  when  by  a  gentle  heat  it  is  liquefied,  the 
sulphur  is  added  in  successive  small  portions.  Heat  is  evolved  at  the  mo- 
ment of  combination,  and  hydrosnlphuric  and  phosphoric  adds,  owing  to 
the  presence  of  moisture,  are  generated.  This  compound  may  also  be  made 
by  agitating  flowers  of  sulphur  with  fused  phosphorus  under  water.  Hie 
temperature  should  not  exceed  160^;  fer  otherwise  hydrosolphuric  and 
phosphoric  acids  would  be  evolved  so  ilreely  as  to  prove  dangerous,  or  at  least 
to  interfere  wilh  the  success  of  the  process. 

Sulplniret  of  phosphorus,  firom  the  nature  of  its  elements,  is  highly  com- 
bustihle.  It  is  much  more  fusible  than  phosphorus.  A  compound  made  by 
Mr.  Faraday  with  about  5  parts  of  sulphur  and  7  of  phosphorus  was  quite 
fluid  at  32^,  and  did  not  Solidify  at  20^  F.  (Quarterly  Journal,  iv.) 

Bifulpkwret  of  SeUtdumi, — Sulphur  and  selenium  mix  together  in  all  pro- 
portions by  fuaon,  and,  therefore,  by  such  means  it  is  difficult  to  procure  a 
definite  componnd;  but  the  bisulphuret  of  an  orange  colour  was  formed  by 
Berzelius  by  precipitating  a  solution  of  selenious  acid  with  hydrosulphuric 
acid.  The  sulphuret  found  by  Stromeyer  among  the  volcanic  products  of 
the  Lipari  isles  is  probably  similar  in  composition.  Bisulphuret  of  aelenium 
fiises  at  a  heat  a  tittie  above  212°,  and  at  a  higher  temperature  may  be 
Bublimed  without  change.  In  the  open  air  it  stakes  fire  when  heated,  and 
aolphurons,  selenious,  and  selenic  acids  are  the  products  of  its  combustion. 
The  alkalies  and  soluble  metallic  sulphurets  dissolve  it.  Nitric  acid  acts 
upon  it  with  difficulty;  but  the  nitro-hydrochloric  converts  it  into  sulphuric 
and  selenious  acids.    (An.  of  PhiL  xiv.) 

Seleniuret  of  PhoiphorUB. — ^This  compound  may  be  prepared  in  the  same 
manner  as  the  sulphuret  of  phosphorus;  but  as  selenium  is  capable  of 
uniting  with  phosphorus  in  several  proportions,  the  compound  formed  by 
fusing  them  together  can  hardly  be  supposed  to  be  of  a  definite  nature. 
This  seleniuret  is  very  fusible,  sublimes  without  change  in  close  vessels,  and 
U  inflammable.  It  osoomposes  water  gradually  when  digested  in  it«  giving 
rise  to  seleniuietted  hydrogen,  and  one  of  the  acids  of  phosphorus. 


METALS. 

GENERAL  PROPERTIES  OF  METALS. 

MxTALS  are  distinguished  firom  other  substances  by  the  following  proper- 
ties.  They  are  all  conductors  of  electricity  and  heat.  When  Uie  compounds 
which  they  form  with  oxygen,  chlorine,  iodine,  sulphur,  and  similar  sub- 
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■tanoei,  are  rabmitted  to  the  action  of  galvaoum,  the  metals  always  appear 
,  at  the  negrative  tide  of  the  battery,  and  are  hence  said  to  be  positive  elec- 
trics. They  are  quite  opaque,  refusing  a  passage  to  light,  though  reduced 
to  very  thin  leaves.  They  are  in  general  good  reflectors  of  light,  and  pos- 
sess a  peculiar  lustre,  which  is  termed  the  metallic  lustre. — Every  substance 
in  which  these  characters  reside  may  be  regarded  as  a  metal. 

The  number  of  metals,  the  existence  of  which  is  admitted  by  chemists, 
amounts  to  forty-two.  The  following  table  contains  the  names  of  those  that 
have  been  procured  in  a  state  of  purity,  together  with  the  date  at  wBich 
they  were  discovered,  and  the  names  of  the  chemists  by  whom  the  discovery 
was  made. 

Table  of  the  DtBcovery  of  MetdU. 


NametofMetali. 

Authors  of  the  Discovery. 

Dates  of  the 
Discovery. 

Gold     .         .     T 

Silver   . 

Iron 

Copper 

. 

Known  to  the  Ancients. 

Mercury 

Lead    . 

Tin      . 

Antimony 

Described  by  Basil  Valentine     . 

1490 

Bismuth 

Described  by  Agricola  . 

1530 

Zinc     . 

16th  century 

Cobalt. 

Brandt 

1733 

Platinum 

Wood,  assay-master,  Jamaica    . 

1741 

Nickel . 

Cronstedt 

1751 

Manganese  . 

Gahn  and  Scheele      .... 

1774 

Tungsten 

D'Elhuyart 

1781 

Tellurium    . 

MQller 

1782 

Molybdenum 

Hielm 

1782       , 

Uranium 

Klaproth 

1789 

Titanium 

Gregor 

1791 

Chromium 

Vauquelin 

1797 

Columbium 

Hatchett 

1802 

Palladium 
Rhodium 

:  i 

Wollaston 

1803 

Iridium 

Descotils  and  Smithson  Tennant   . 

1803 

Osmium 

, 

Smithson  Tennant     .... 

1803 

Cerium 

. 

Hisinger  and  Berzelius  . 

1804 

Potassium 

Sodium 

Barium 

> 

Davy 

1807 

Strontium 

Calcium 

Cadmium     . 

. 

Stromeyer 

Arfwecfcon 

1818 

Lithium 

. 

1818 

Silicium 
Zirconium 

\ 

Berajlius 

1824 

Aluminium  . 

J 

Glucinium    . 

1 

Wohler 

1828 

Yttrium 

s 

Thorium 

Berzelius 

1829 

Magnesium . 

. 

Busj»y 

1829 

Vanadium    . 

SefstrOm 

1830 
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Most  oi  the  metak  an  remarkable  for  tlmr  ^real  epeoifie  gnvify;  Bome 
of  them,  such  ai  gold  and  plaiiaam,  which  are  the  deneeet  bodies  known 
in  nature,  being  more  than  19  times  as  heavy  as  an  equal  bulk  of  water. 
Great  density  was  once  suppoeed  to  be  an  estential  characteristic  of  metals; 
bat  the  discovery  of  potasttum  add  sodioto,  which  are  so  light  as  to  float  on 
the  surface  of  water,  has  shown  that  this  sUppoeititm  is  erroneous.  Some 
metals  experience  an  increase  of  density  to  a  certain  extent  when  hammer- 
ed, their  particles  being  permanently  approximated  by  the  operation.  On 
this  account,  the  density  of  some  of  the  toetals  contain^  in  the  following, 
table  is  represented  as  varying  between  two  extremes. 


Platinum 

Gold 

Tungsten 

Mercury 

Palladium 

Lead 

Silver 

Bismuth 

Uranium 

Ckipper 

Molybdenum 

Cadmium 

CobaH 

Nickel 

Manganese 

Iron 

Tin 

Zinc 

Antimony 

Tellurium 

Arsenic 

Titanium 

Sodium 

Potassium 

Some  metals  possess  the  property  of  malleability,  that  is,  admit  of  being 
beaten  into  tliin  plates  or  leaves  by  hammering.  The  malleable  metals  are 
gold,  silver,  copper,  tin,  platinum,  palladium,  cadmium,  lead,  zinc,  iron, 
nickel,  potassium,  sodium,  and  frozen  mercury.  The  other  metals  are  either 
malleable  in  a  very  small  degree  only,  or,  like  antimony,  arsenic,  and  bis- 
muth, are  actually  brittle.  Gold  surpasses  all  metals  in  malleability :  one 
grain  of  it  may  be  extended  so  as  to  cover  about  52  square  inches  of  sdrfitce. 
and  to  have  a  thickness  not  exceeding  ig  Atpth  of  an  inch. 

Nearly  all  malleable  metals  may  be  drawn  out  into  wires,  a  property 
which  b  expressed  by  the  term  dtictUUy.  The  only  metals  which  are 
remarkable  m  this  respect  are  gold,  silver,  platinum,  iron,  and  copper. 
WoUaston  devised  a  method  by  which  gold  wire  may  be  obtained  so  fine 
that  its  diameter  shall  be  only  j  ^^  ^th  of  an  inch,  and  that  550  feet  of  it 
are  required  to  weigh  one  grain.  He  obtained  a  platinum  wire  so  small, 
that  its  diameter  did  not  exceed  -sTninrtb  of  an  inch.  (Philos.  Trans.  1813.) 
It  is  singular  that  the  dnctilitv  and  malleability  of  the  same  metal  ^re  not 
always  in  proportion  to  each  other.  Iron,  for  example,  cannot  be  made  into 
fine  leaves,  bat  it  may  be  drawn  into  very  small  wires. 

The  tenacity  of  metals  is  measured  by  ascertaining  the  greatest  weight 
which  a  wire  of  a  certain  thickness  qan  support  without  breuing.  Accord- 
ing  to  the  experiments  of  Gujton-Monreau,  whose  results  are  comprised  in 
the  following  table,  iron,  in  point  of  tenacity,  surpasses  all  other  metals. 
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Tbe  diameter  of  each  wire  waa  0.787th  of  a  line. 

Iron  wire  sapporti 

Copper       ..... 
Platinam  .... 

Silver  ..... 

Gold 

Zinc  ..... 

Tin       .  .  .  •  . 

Lead  ... 


Poundi. 
549.35 
302J278 
274.32 
187.137 
150.753 
109.54 
34.63 
27.621 


Metals  differ  also  in  hardnem,  but  I  am  not  aware  that  their  exact  relation 
to  each  other,  under  this  point  of  view,  hai  been  determined  by  experiment 
In  the  list  of  hard  metaU  may  be  placed  titanium,  mang^aneae,  iron,  nickel, 
copper,  zinc,  and  palladium.  Gold,  silver,  and  platinum,  are  softer  than  theae ; 
lead  is  softer  still,  and  potassium  and  sodium  yield  to  the  pressure  of  the 
fingfers.  The  properties  of  elasticity  and  sonorousness  are  allied  to  that  of 
hardness.    Iron  and  copper  are  in  these  respects  the  roost  conspicuous. 

Many  of  the  metals  have  a  distinctly  crystalline  texture.  Iron,  ibr  exam- 
pie,  is  fibrous ;  and  zinc,  bismuth  and  antimony  are  lamellated.  Metals  are 
sometimes  obtained  also  in  crystals ;  and  roost  of  them  in  crystaliizing,  as- 
sume the  figure  of  a  cube,  the  regular  octohedron,  or  some  form  allied  to  it. 
Gold,  silver,  and  copper,  occur  naturally  in  crystals,  while  others  crystal- 
liie  when  they  pass  gradually  from  the  liquid  to  the  solid  condition.  Crys- 
tals are  most  readily  procured  from  those  metals  which  fuse  at  a  low  tem- 
perature; and  bismuth,  from  conducting  heat  less  perfectly  than  other 
metals,  and,  therefore,  cooling  more  slowly,  is  best  fitted  for  the  porpoee. 
The  process  should  be  conddcted  in  the  way  already  described  for  forming 
crystals  of  sulphur.  (Page  191.) 

Metals,  with  the  exception  of  mercury,  are  solid  at  common  tempera, 
tures ;  but  they  may  all  be  liquefied  by  heat  Tbe  degree  at  which  they 
/««€,  or  their  point  o€  fusion^  is  very  different  for  different  metals,  as  ap- 
pears firom  the  following  table. 

Table  of  the  FusHnUiy  of  different  MetaU. 
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Requiring  the  highest  heat  of 
a  smithes  forge. 
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/^Bfolybdenuml  Almoet  infiiiible,  and  noti  FudUe    be. 
i  Uranium         I      to  be  procured  in  but-  I  fore  the  ozy- 
I  Tungsten        {      tons  by  the  beat  of  a  (hydrogen 
VChrominm     J      amilh'e  forge.  J  blowpipe. 

rTitanium 


InfiuiUo  in  the  heat  of  a  smith's  forge,  but 
fiinble  before  the  ozy-hydrogen  blow- 


Infi«WebeIowa,Ce^j„^ 
red  heat.       Nogmipm 
/Iridium 

/Rhodium      |      pipe. 
I  Platinum      I 
\Columbium  J 

Metals  differ  also  in  volatility.  Some  are  readily  volatilized  by  heat, 
while  others  are  of  so  fixed  a  nature  that  they  may  be  exposed  to  tlie  most 
intense  heat  of  a  wind  furnace  without  being  dissipated  in  vapour.  There 
are  seven  metals,  the  volatility  of  which  has  been  ascertained  with  certainty ; 
namely,  cadmium,  mercury,  arsenic,  tellurium,  potassiuia,  sodium,  and  zinc. 

Metals  cannot  be  resolved  into  more  simple  parts;  and,  therefore,  in  the 
present  state  of  chemistry,  they  must  be  regarded  as  elementary  bodies.  It 
was  ftrmerly  conceived  that  they  might  be  converted  into  each  other ;  and 
this  notion  led  to  the  vain  attempts  of  the  alchemists  to  convert  the  baser 
metals  into  gold.  The  chemist  has  now  learned  that  bis  art  solely  consists 
in  resolving  compound  bodies  into  their  elements,  and  causing  substances 
to  unite  which  were  previously  nncombined.  One  elementary  principle  can- 
not  assume  the  properties  peculiar  to  another. 

Metals  have  an  extensive  range  of  affinity,  and  on  this  account  few  of 
them  are  found  in  the  earth  native^  that  is,  in  an  uncombined  form.  They 
commonly  occur  in  combination  with  other  bodies,  especially  witb  oxygen 
and  sulphur,  in  which  state  they  are  said  to  be  mineralized.  It  is  a  singu- 
lar fact  in  the  chemical  history  of  the  metals,  that  they  are  little  disposed  to 
combine  in  the  metallic  state  with  compound  bodies,  such  as  an  oxide  or  an 
acid.  They  unite  readily,  on  the  contrary,  with  elementary  substances. 
Thus,  they  oflcn  combine  with  each  other,  yielding  compounds  termed  oL 
2ovs,  which  possess  all  the  characteristic  physical  properties  of  pure  metals, 
l^ey  unite  likewise  with  the  simple  substances  not  metallic,  such  as  oxy. 
gen,  chlorine,  and  sulphur,  giving  rise  to  new  bodies  in  which  the  metallic 
character  is  wholly  wanting.  In  all  these  combinations,  the  same  tendency 
to  unite  in  a  few  definite  proportions  is  equally  conspicuous  as  in  that  de- 
jwrtment  of  the  science  of  which  I  have  just  completed  the  description.  The 
chemical  changes  are  regulated  by  the  same  general  laws,  and  in  describing 
them  the  same  nomenclature  is  applicable. 

The  order  which  it  is  proposed  to  follow  in  describing  the  metals  has  al- 
ready been  explained  in  the  introduction ;  but  before  treating  of  each  sepa- 
rately, some  general  observations  may  be  premised,  by  which  the  study  of 
this  subject  will  be  much  facilitated. 

Metals  are  of  a  combustible  nature ;  that  is,  tbey  are  not  only  suseeptibk 
of  slow  oxidation,  but,  under  favourable  circumstances,  they  unite  rapidly 
with  oxygen,  giving  rise  to  all  the  phenomena  of  real  combustion.  Ziso 
bums  witb  a  brilliant  flame  when  heated  to  full  redness  in  the  open  air; 
iron  emits  vivid  scintillations  on  being  infiamed  in  an  atmosphere  of  oxy- 
gen gas;  and  the  least  oxidable  metals,  such  as  gold  and  platinum,  sciatil- 
fitte  in  a  similar  manner  when  heated  by  the  oxy-hydrogen  blowpipe. 

The  product  either  of  the  slow  or  rapid  oxidation  of  a  metal,  when  heated 
in  the  air,  has  an  earthy  aspect,  and  was  called  a  calx  by  the  older  chemists, 
the  process  of  forming  it  being  expressed  by  the  term  calcination.  Another 
method  of  oxidizing  metals  is  by  deflagration ;  that  i«,  by  mixing  them  with 
nitrate  or  chlorate  of  potassa,  and  projecting  the  mixture  into  a  red-hot  cru- 
cible.  Most  metals  may  be  oxidized  by  digestion  in  nitric  acid ;  and  nitro- 
hydrochloric  acid  is  an  oxidizing  affent  of  still  greater  power. 

Some  meUls  unite  with  oxygen  in  one  proportion  only,  but  most  of  them 
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have  two  or  three  degrees  of  oiidatioD.  MeUle  diflfor  remarkably  in  their 
relative  forces  of  attraction  for  oxyrea,  Potaesinm  and  eodiom,  for  example, 
are  oxidifeed  by  mei«  exposure  to  tne  air;  and  they -decompose  water  at  all 
temperatures,  the  instant  they  come  in  contact  with  it  Iron  and  copper 
may  be  preserved  in  dry  air  without  change,  nor  can  the^  decompose  water 
at  common  temperatures ;  but  they  are  both  slowly  oxidized  by  exposure  to 
a  moist  atmosphere,  and  combine  rapidly  with  oxygen  when  heated  to^  red- 
ness in  the  open  air.  Iron  has  a  stronger  affinity  for  oxysen  than  copper ; 
for  the  former  decomposes  water  at  a  red  heat,  whereas  uie  latter  cannot 
produce  that  effect.  Mercury  is  less  inclined  tlum  oopper  to  unite  with  oxy. 
gen.  Thus  it  may  be  exposed  without  chance  to  the  influence  of  a  moist 
atmosphere.  At  a  temperature  of  650^  or  700^  it  is  oxidized ;  but  at  a  red 
heat  it  is  reduced  to  the  metallic  state,  while  oxide  of  copper  can  sustain  the 
strongest  beat  of  a  blast  furnace  without  losing  its  oxygen.  The  affinity  of 
gold  foT  oxy^n  is  still  weaker  than  that  of  mercury ;  for  it  will  bear  the 
roost  intense  heat  of  our  furnaces  without  oxidation. 

Metallic  oxides  suffer  reduction,  or  may  be  reduced  to  the  metaHic  state 
In  several  wa.vs : 

1.  3y  heat*  alone.  By  this  method  the  oxides  of  gold,  silver,  mercury,  and 
platinum  may  be  decomposed. 

2.  By  the  united  agency  of  heal  and  combustible  matter.  Thus,  by  trans- 
mitting  a  current  of  hydrogen  gas  over  the  oxides  of  copper  or  iron  heated 
to  redness  in  a  tube  of  porcelain,  water  is  generated,  and  the  metals  are  ob- 
tained in  a  pure  form.  Carbonaceous  matters  are  likewise  used  for  the  pur- 
pose with  great  success.  Potassa  and  Roda,  for  example,  may  be  decomposed 
oy  exposing  them  to  a  white  heat  afler  being  intimately  mixed  with  char- 
coal in  fine  powder.  A  similar  process  is  employed  in  meta]lur|ry  for  ex- 
tracting  metab  from  their  ores,  the  inflammable  materials  bemg  wood, 
charcoal,  coke,  or  coal.  In  the  more  delicate  operations  of  the  laooratory, 
charcoal  and  black  flux  are  preferred. 

3.  By  the  galvanic  battery.  This  is  a  still  more  powerful  agent  than  the 
preceding ;  since  some  oxides,  such  as  baryta  and  strontia,  which  resist  the 
united  influence  of  heat  and  charcoal,  are  reduced  by  the  agency  of  gal- 
vanism. 

4  By  the  action  of  dcoxidizuig  agents  on  metallic  solutions.  Phosphorous 
acid,  for  example,  when  added  to  a  liquid  containing  oxide  of  mercury,  de« 
prives^  the  oxide  of  its  oxvgen,  metallic  mercury  subsides,  and  phosphoric 
acid  \b  generated.  In  like  manner,  one  metal  may  be  precipitated  by 
another,  provided  the  affinity  of  the  latter  for  oxygen  exceeds  that  of  tfaio 
former.  Thus,  when  mercury  is  added  to  a  solution  of  nitrate  of  the  oxide  of 
■ilver,  metallic  silver  is  thrown  down,  and  oxide  of  mercury  is  dissolved  by  the 
nitric  acid.  On  placing  metallic  copper  in  the  liquid,  pure  mercury  subsides, 
and  a  nitrate  of  the  oxide  of  copper  is  formed ;  and  from  this  solution  metal- 
lie  copper  may  be  precipitated  by  means  of  iron. 

Metals,  like  the  simple  non-metallic  bodies,  may  give  rise  to  oxides  or 
acids  by  combining  with  oxygen.  The  former  are  the  most  fi^uent  pro- 
ducts.  ^  Many  metals  which  are  not  acidified  by  oxygen  may  be  formed 
into  oxides ;  whereas  one  metal  only,  arsenic,  is  capable  of  forming  an  acid 
and  not  an  oxide.  All  the  other  metals  which  are  convertible  into  acids  by 
<>Z7gen,  such  as  chromium,  tungsten,  and  molybdenum,  are  also  suscepti- 
ble of  yielding  one  or  more  oxides.  In  these  instances,  the  acids  always 
contain  a  largur  quantity  of  oxygen  than  the  oxides  of  the  same  metal. 

Many  of  the  metallic  oxides  have  the  property  of  combining  with  acids. 
In  some  instances  all  the  oxides  of  a  metal  are  capable  of  forming  salts 
with  acids,  as  is  exemplified  by  the  oxides  of  iron ;  but,  generally,  the 
protoxide  is  the  sole  alkaline  or  aalifiahU  ba$e.  Most  of  the  metallic  oxides 
are  insoluble  in  water;  but  all  those  that  are  soluble  have  the  proper^  of 
giving  a  brown  suin  to  yellow  turmeric  paper,  and  of  restoring  the  blue 
colour  of  reddened  litmus. 
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Oxides  ■onetimes  unite  with  each  other,  and  fenn  definite  compoonde. 
The  most  abundant  ore  of  chromium,  commonly  called  chromate  of  iron,  is 
•n  instance  of  this  kind ;  and  the  red  and  sesquioxide  of  manganese,  and  the 
red  oxide  of  lead  appear  to  belong  to  the  same  class  of  bodies. 

Chlorine  has  a  powerfiil  affinity  for  metallic  substances.  It  combines 
readily  with  most  metals  at  common  temperatures,  and  the  action  is  in  many 
instances  so  violent  as  to  be  accompanied  with  the  evolution  of  light  For 
example,  when  powdered  xinc,  arsenic,  or  antimony  is  thrown  into  a  jar  of 
chlorine  gas,  the  metal  is  instantly  inflamed.  The  attraction  of  chlorine  for 
motals  even  surpasses  that  of  oxy^fen.  Thus,  when  chlorine  is  brought  into 
contact  at  a  red  heat  with  pore  lime,  magnesia,  baryta,  strontia,  potassa,  or 
soda,  or^gen  is  emitted,  and  a  chloride  of  the  metal  b  generated,  the  ele- 
ments  of  which  are  so  strongly  united  that  no  temperature  hitherto  tried 
can  separate  them.  All  other  metallic  oxides  are,  with  few  exceptions, 
acted  on  in  the  same  manner  by  chlorine,  and  in  some  cases  the  change 
takes  place  below  the  temperature  of  ignition. 

Most  of  the  metallic  chlorides  are  solid  at  common  temperatures.  They 
are  fusible  by  heat,  assume  a  crystalline  texture  in  cooling,  and  under 
&vourable  circumstances  crystallize  with  regularity.  Several  of  them,  such  as 
the  chlorides  of  tin,  arsenic,  antimony,  and  mercury,  are  volatile,  and  may 
be  sublimed  without  change.  They  are  for  the  most  part  colourless,  do  not 
possess  the  metallic  lustre,  and  have  tlie  aspect  of  a  salt  Two  of  the  chlo- 
rides  are  insoluble  in  water,  namely,  chloride  of  silver  and  protochloride  of 
mercury;  several,  such  as  the  chlorides  of  antimony,  arsenic,  and  titaniam, 
are  decomposed  by  that  liquid ;  but  most  of  them  are  more  or  less  soluble. 

Some  of  the  metallic  chlorides,  those  especially  of  gold  and  platinum,  are 
decomposable  by  heat  All  the  chlorides  of  the  common  metals  are  decom« 
posed  at  a  red  heat  by  hydrogen  gas,  hydrochloric  acid  being  disengaged 
while  the  metal  is  set  free.  Pure  charcoal  does  not  effect  their  decomposi- 
tion;  but  if  moisture  be  present  at  the  same  time,  hydrochKoiic  and  carbonic 
acid  gases  are  formed,  and  the  metal  remains.  They  resist  tlio  action  of 
anhydrous  sulphuric  acid ;  but  all  the  chlorides,  excepting  those  of  silver 
and  mercury,  are  readily  decomposed  by  hydratod  sulphuric  acid,  with 
disengagement  of  hydrochloric  acid  gas.  The  change  is  accompanied  with 
decomposition  of  water,  the  hvdrogen  of  which  combines  with  chlorine, 
and  its  oxygen  with  the  metal.  All  chlorides,  when  in  solution,  may  be 
recognized  by  yielding,  with  nitrate  of  oxide  of  silver,  a  white  precipitate, 
which  is  chloride  of  silver. 

Metallic  chlorides  may  in  most  cases  be  formed  by  direct  action  of  chlo- 
rine on  the  pure  metals.  They  are  also  frequently  procured  by  dissolving 
metallic  oxides  in  hydrochloric  acid,  evaporating  to  dryness,  and  applying 
heat  so  Jong^  as  any  water  is  expelled.  Metallic  chlorides  are  oflen  deposit- 
ed from  such  solutions  by  crystallization. 

Chlorine  manifests  a  feeble  affinity  for  metallic  oxides.  No  combination 
ciihe  kind  occurs  at  a  red  heat,  and  no  chloride  of  a  metallic  oxide  can  be 
heated  to  redness  without  decomposition.  Such  compounds  can  only  be 
formed  at  low  temperatures;  and  they  are  possessed  of  little  permanency. 
Chlorine  may  combine  under  favourable  circumstances  with  the  alkalies  and 
alkaline  earths ;  and  M.  Grouvelle  has  succeeded  in  making  it  unite  with 
the  oxides  of  zinc,  copper,  and  iron.  (An.  de  Ch.  et  de  Ph.  xvii.)  Of  these 
chlorides,  that  of  potassa  may  be  taken  as  an  example.  If  chlorine  is  cob- 
dacted  into  a  dilute  and  cold  solution  of  pure  potassa,  the  chloride  of  that 
aUnli  will  be  produced ;  but  the  affinity  which  gives  rise  to  its  formation  is 
not  sii^cient  for  rendering  it  permanent  It  is  destroyed  by  most  sub- 
stances that  act  on  either  of  its  constituents.  The  addition  of  an  acid 
produces  this  effect  by  combining  with  the  alkali,  and  hence  the  chlorine  is 
separated  by  tlie  carbonic  acid  of  the  atmosphere.  Animal  or  vegetable 
odouring  matters  are  fatal  to  the  compound  by  giving  chlorine  an  opportu- 
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Ai  flnorine  has  not  hitherto  been  obtained  in  a  aeparate  tUte,  the  nalore 
of  its  actiqn  on  the  melaJs  ia  nnlinown  ;  but  the  chief  difficolty  of  procoriny 
it  in  an  insulated  form  appeara  to  arise  from  ita  eztremelj  powerral  affinity 
Ibr  metallic  sobotancea,  in  oonaequence  of  which,  at  the  moment  of  beoom* 
ing  free,  it  attacka  the  Teaaeb  and  inatrumenta  eaaploycd  in  its  preparatiott. 
The  beat  mode  of  preparinfr  the  aoloble  fluorides,  auch  as  thcwie  of  pota^ 
aiam  and  sodium,  is  by  dissolving  tlie  carbonate  of  these  alkalies  in  hydrob 
fluoric  acid,  and  evaporating  the  solution  to  perfect  dryness.  The  insoluble 
fluorides  are  eaaily  formed  by  precipitation  from  the  scJnble  flooridBaii 
They  are  witfaoot  exception  decomposed  by  concentrated  sulphuric  acid 
with  the  aid  of  heat;  and  the  hydrofluoric  acid,  in  escaping,  may  eaaily  be 
detected  by  its  action  on  giuB, 

Sulphur,  like  the  preceding  elementary  substances,  haa  a  strong  tendency 
to  unite  with  metals,  and  the  combination  may  be  effected  in  aeveral  wayv: 

1.  By  heatmg  the  metal  directly  with  sulphur.  The  metal,  in  the  fbrro  of 
powder  or  filings,  is  mixed  with  a  due  proportion  of  sulphur,  and  the  nvz- 
tors  heated  in  an  earthen  crucible,  which  ia  covered  tu  prevent  the  aocese 
of  air;  or  if  the  metal  can  suatain  a  red  heat  without  fhaing,  the  vapour  of 
sulphur  may  be  paaaed  over  it  while  heated  to  redneaa  in  a  tube  of  peroelain. 
The  act  of  oombinatioiit  which  frequently  ensues  below  the  tcmperatnre  of 
ignition,  is  attended  by  free  disengagement  of  heat,  which  in  aeveral  in- 
stances is  so  great,  that  the  whole  mass  becomes  Inminoos,  and  shines  with 
a  vivid  light  This  appearance  of  oombustion,  which  occurs  quite  indepeii. 
dently  of  the  presence  of  oxygen,  ia  exemplified  by  the  aulphurets  of  pota*> 
dum,  aodium,  copper,  iron,  lead,  and  bismuth. 

9L  By  igniting  a  mixture  of  a  metallie  oxide  and  sulphur. 

3.  By  depriving  the  sulphate  c»f  an  oxide  of  ita  oxygen  by  means  of  heat 
and  combustible  matter.  Charcoal  or  hydrogen  gaa  may  be  employed  ibr 
the  purpose,  as  will  be  described  immediately* 

4.  Bt  hydroaolphuric  acid,  or  a  soluble  metallic  aolphuret.  Nearly  all  the 
aaHa  of  the  second  clato  of  metala  are  decompoaed  when  a  current  of  hydro- 
aulphoric  acid  gaa  ia  conducted  into  their  aolutions.  The  salta  of  uranium, 
iron,  manganese,  cobalt,  and  nickel  are  exceptiona ;  but  tbeae  are  precipi. 
tated  by  sulphuret  of  potassium. 

The  snlphureii  are  opaque  brittle  aolida,  many  of  which,  such  aa  the  aul* 
phureta  of  lead,  antimony,  and  iron,  have  a  metallic  loatre.  They  ere  all 
fuaiUe  by  heat,  and  commonly  aasume  a  crystalline  texture  in  cooling. 
Moot  of  them  are  fixed  in  the  fire;  but  the  aulphurets  of  mercury  and 
arsenic  are  remarkable  for  their  volatility.  All  the  sulphurets,  excepting 
those  of  the  firat  claas  of  metals,  are  insoluble  in  water. 

Moat  of  the  protosulpburets  aupport  an  intense  heat  without  deoomposi- 
tion ;  but,  in  general,  thoae  which  contain  mote  than  one  equivalent  of  sul- 
phur, lose  part  of  it  when  strongly  heated.  They  are  all  decomposed  without 
exception  by  exposure  to  the  combined  agency  of  air  or  oxygen  gaa  and 
heat ;  and  the  products  depend  entirely  on  tho  degree  of  heat  and  the  na« 
tare  of  the  metal.  The  sulphuret  is  more  or  less  converted  into  the  sulphate 
of  an  oxide,  provided  the  aulphate  ia  able  to  aupport  the  temperature  em- 
ployed in  the  operation.  If  tliia  is  not  the  case,  the  sulphur  is  evolved  under 
the  ferm  of  sulphurous  acid,  and  a  metallic  oxide  is  leU ;  or  if  the  oxide  iU 
•eif  le  decomposed  by  heat,  the  pure  metal  remains.  The  action  of  heat  and 
air  in  decomposing  metallic  sulphurets  is  the  basis  of  several  metallurgio 
processes.  A  few  sulphurets  are  decompoaed  by  the  action  of  hydrogen  gae 
at  a  red  heat,  the  pure  metal  being  set  free  and  hydrosulphnric  acid  evolved. 
Rose  finds  that  the  only  sulphurets  which  admit  of  being  easily  reduced  to 
the  netallio  state  in  thia  way  are  thoae  of  antimony,  bismuth,  and  ailver. 
The  sulphuret  of  tin  is  decomposed  with  difficulty,  And  requires  a  very  high 
temperature.  All  the  other  sulphurets  which  he  subjected  to  this  treatment 
were  either  deprived  of  a  part  only  of  their  sulphur,  puch  as  bisulphuret  of 
iron,  or  were  not  atUcked  at  all,  aa  happened  with  the  sulphureto  of  xine, 
lead,  and  copper.  (Poggendorfifs  Aanakn,  iv.  109.) 
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have  two  or  three  degreei  of  oxidation.  Metda  diflfor  remarkabl j  in  tlieir 
relatiTe  forces  of  attraction  for  ozycen.  Potassium  and  sodiom,  for  example, 
are  oxidifeed  by  mere  eiposure  to  the  air ;  and  thepr  -decompose  water  at  all 
temperatures,  the  instant  they  oome  in  contact  with  it  Iron  and  copper 
may  be  preserved  in  dry  air  without  change,  nor  can  they  decompose  water 
at  common  temperatures ;  but  they  are  both  slowly  oxidized  by  exposure  to 
a  moist  atmosphere,  and  combine  rapidly  with  oxygen  when  heated  to^  red- 
ness in  the  open  air.  Iron  has  a  stronger  affinity  for  oxygen  than  copper ; 
for  the  former  decomposes  water  at  a  red  heat,  whereas  the  latter  cannot 
produce  that  effect  Mercury  is  less  inclined  than  copper  to  unite  with  oxy. 
gen.  Thus  it  may  be  exposed  without  change  to  the  influence  of  a  moist 
atmosphere.  At  a  temperature  of  650^  or  700°  it  is  oxidized ;  but  at  a  red 
heat  it  is  reduced  to  the  metallic  state,  while  oxide  of  copper  can  sustain  the 
strongest  heat  of  a  blast  furnace  without  losing  its  oxygen.  The  affinity  of 
gold  for  oxygen  is  still  weaker  than  that  of  mercury;  for  it  will  bear  the 
roost  intense  heat  of  our  furnaces  without  oxidation. 

Metallic  oxides  suffer  reduetiony  or  may  be  reduced  to  the  metallic  state 
in  several  ways : 

I.  By  heat* alone.  By  this  method  the  oxides  of  gold,  silver,  mercury,  and 
platinum  may  be  decomposed. 

S2.  By  the  united  agency  of  heat  and  combustible  matter.  Thos,  by  trans- 
mittTng  a  current  ofnydrogen  gas  over  the  oxides  of  copper  or  iron  heated 
to  redness  in  a  tube  of  porcelain,  water  is  generated,  and  the  metals  are  ob. 
tained  in  a  pure  form.  Carbonaceous  matters  are  likewise  used  for  the  pur. 
pose  with  great  success.  Potassa  and  Roda,  for  example,  may  be  decompoeed 
oy  exposing  them  to  a  white  heat  afler  being  intimately  mixed  with  char- 
coal in  fine  powder.  A  similar  process  is  employed  in  metallurpj^  for  ex- 
tracting  metals  from  their  ores,  the  inflammable  materials  being  wood, 
charcoal,  coke,  or  coal.  In  the  more  delicate  operations  of  the  laM>ratory, 
charcoal  and  black  Jlux  are  preferred. 

3.  B^  the  galvanic  battery.  This  is  a  still  more  powerful  agent  than  the 
precedmg ;  since  some  oxides,  such  as  baryta  and  strontia,  which  resist  the 
united  influence  of  heat  and  charcoal,  are  reduced  by  the  agency  of  gal- 
vanism. 

4  By  the  action  of  deoxidizing  agents  on  metallic  solutions.  Pboephoroos 
acid,  for  example,  when  added  to  a  liquid  containing  oxide  of  mercury,  de- 
prives the  oxide  of  its  ozvgen,  metallic  mercury  subsides,  and  phosphoriii 
acid  is  generated.  In  like  manner,  one  metal  may  be  precipitated  by 
another,  provided  the  affinity  of  the  latter  for  oxygen  exceeds  tiiat  of  tile 
former.  Thus,  when  mercury  is  added  to  a  solution  of  nitrate  of  the  oxide  of 
silver,  metallic  silver  is  thrown  down,  and  oxide  of  mercury  is  dissolved  by  the 
nitric  acid.  On  placing  metallic  copper  in  the  liquid,  pure  mercury  subsides, 
and  a  nitrate  of  tlie  oxide  of  copper  is  formed ;  and  from  this  solution  metal- 
lic copper  may  be  precipitated  by  means  of  iron. 

Metals,  like  the  simple  non-raetallic  bodies,  may  give  rise  to  oxides  or 
acids  by  combining  with  oxygen.  The  former  are  the  most  fi^oent  pro- 
ducts. Many  metals  which  are  not  acidified  by  oxygen  may  be  formed 
into  oxides ;  whereas  one  metal  only,  arsenic,  is  capable  of  forming  an  acid 
and  not  an  oxide.  All  the  other  metals  which  are  convertible  into  acids  bv 
oxygen,  such  as  chromium,  tungsten,  and  molybdenum,  are  also  suscepti- 
ble of  yielding  one  or  more  oxides.  In  these  instances,  the  acids  always 
contain  a  largur  quantity  of  oxygen  than  the  oxides  of  the  same  metal. 

Many  of  the  metallic  oxides  have  the  property  of  combining  with  acids. 
In  some  instances  all  the  oxides  of  a  metal  are  capable  of  forming  salts 
with  acids,  as  is  exemplified  by  the  oxides  of  iron ;  but,  generally,  the 
protoxide  is  the  sole  alkaline  or  salifiable  bate.  Most  of  the  metallic  oxides 
are  insoluble  in  water;  but  all  those  that  are  soluble  have  the  property  of 
giving  a  brown  stain  to  yellow  turmeric  paper,  and  of  restoring  the  blue 
colour  of  reddened  litmas. 
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Oxides  Boroetimes  anite  with  each  other,  and  form  definite  compoonda. 
The  roost  abundant  ore  of  chromium,  comm<»l^  called  chroma  te  of  iron,  is 
•n  instance  of  this  kind ;  and  the  red  and  sesqoiozide  of  manganese,  and  the 
red  oxide  of  lead  appear  to  belong  to  the  same  class  of  bodies. 

Chlorine  has  a  powerful  affinity  for  metallic  substances.  It  combines 
readily  with  most  metals  at  common  temperatures,  and  the  action  is  in  many 
instances  so  violent  as  to  be  accompanied  with  the  evolution  of  light  For 
example,  when  powdered  zinc,  arsenic,  or  antimony  is  thrown  into  a  jar  of 
chlorine  gas,  the  metal  is  instantly  inflamed.  The  attraction  of  chlorine  fast 
metals  even  surpasses  that  of  oxy^fen.  Thus,  when  chlorine  is  brought  into 
contact  at  a  red  heat  with  pure  lime,  magnesia,  baryta,  strontia,  potassa,  or 
soda,  oxygen  is  emitted,  and  a  chloride  of  the  metal  is  generated,  the  ele- 
ments of  which  are  so  strongly  united  that  no  temperature  hitherto  tried 
can  separate  them.  All  other  metallic  oxides  are,  with  few  exceptions, 
acted  on  in  the  same  manner  by  chlorine,  and  in  some  cases  the  chaoge 
takes  place  below  the  temperature  of  ignition. 

Most  of  the  metallic  chlorides  are  solid  at  common  temperatures.  They 
•re  fusible  by  heat,  assume  a  crystalline  texture  in  cooling,  and  under 
&voarabIe  circumstances  crystallize  with  regularity.  Several  of  them,  such  as 
the  chlorides  of  tin,  arsenic,  antimony,  and  mercury,  are  volatile,  and  may 
be  sublimed  without  change.  Tliey  are  for  the  most  part  colourless,  do  not 
posscM  the  metallic  lustre,  and  have  the  aspect  of  a  salt  Two  of  the  chlo- 
rides are  insoluble  in  water,  namely,  chloride  of  silver  and  protochloride  of 
mercury;  several,  such  as  the  chlorides  of  antimony,  arsenic,  and  titanium, 
■re  decomposed  by  that  liquid ;  but  most  of  them  are  more  or  less  soluble. 

Some  of  the  metallic  chlorides,  those  especially  of  gold  and  platinum,  are 
decomposable  by  heat  All  the  chlorides  of  the  common  raetab  are  decom- 
posed at  a  red  heat  by  hydrogen  gas,  hydrochloric  acid  being  disengaged 
while  the  metal  is  set  free.  Pure  charcoal  does  not  effect  their  decomposi- 
tion;  but  if  moisture  be  present  at  the  same  time,  hydrochioiic  and  carbonic 
add  gases  are  formed,  and  the  metal  remains.  They  resist  the  action  of 
anhydrous  sulphuric  acid ;  but  all  the  chlorides,  excepting  those  of  silver 
and  mercury,  are  readily  decomposed  by  hydratod  sulphuric  scid,  with 
disengagement  of  hydrochloric  acid  gas.  The  change  is  accompanied  with 
decomposition  of  water,  the  hydrogen  of  which  combines  with  chlorine, 
and  its  oxygen  with  the  metal.  All  chlorides,  when  in  solution,  may  be 
recoenized  by  yielding,  with  nitrate  of  oxide  of  silver,  a  white  precipitate, 
whidi  is  chloride  of  silver. 

Metallic  chlorides  may  in  most  cases  be  formed  by  direct  action  of  chlo- 
rine on  the  pure  metals.  They  are  also  frequently  procured  by  dissolving 
metallic  oxides  in  hydrochloric  acid,  evaporating  to  dryness,  and  applying 
heat  so  Jon|^  as  sny  water  is  expelled.  Metallic  chlorides  are  oflen  deposit- 
ed from  such  solutions  by  crystallization. 

Chlorine  manifests  a  feeble  affinity  for  metallic  oxides.  No  combination 
of  the  kind  occurs  at  a  red  heat,  and  no  chloride  of  a  metallic  oxide  can  be 
heated  to  redness  without  decomposition.  Such  compounds  can  only  be 
formed  at  low  temperatures ;  and  they  are  possessed  of  little  permanency. 
Chlorine  may  combine  under  favourable  circumstances  with  the  alkalies  and 
alkaline  earths ;  and  M.  Grouvelle  has  succeeded  in  making  it  unite  with 
the  oxides  of  zinc,  copper,  and  iron.  (An.  4e  Ch.  et  de  Ph.  xvii.)  Of  these 
chlorides,  that  of  potassa  may  be  taken  as  an  example.  If  chlorine  is  cob- 
ducted  into  a  dilute  and  cold  solution  of  pure  potassa,  the  chloride  of  that 
alkali  will  be  produced ;  but  the  affinity  which  gives  rise  to  its  formation  is 
not  sufficient  for  rendering  it  permanent  It  is  destroyed  by  roost  sub- 
stances  that  act  on  either  of  its  constituents.  The  addition  of  an  acid 
produces  this  effect  by  combining  with  the  alkali,  and  hence  the  chlorine  is 
separated  by  the  carbonic  acid  of  the  atmosphere.  Animal  or  vegetable 
colouring  matters  are  fatal  to  the  compound  by  giving  chlorine  an  opportu- 
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nitf  to  eaert  ito  bleaching  power,  and,  indeed,  the  oolow  ie  remeved  by  the 
chloride  of  potuaa  almost  as  readily  as  by  a  aolution  of  chlorine  in  paie 
water.  Wben  its  aolution  is  boiled,  or  even  ooncentrated  to  a  certain  point, 
chloride  of  potaaaium  and  chlorate  of  potaaaa  are  generated.  (Page  211.) 

Beneliua  has  publiahod  some  ingenious  remarks  in  order  to  prove  that 
chlorine  does  not  unite  with  met4riic  oxides,  and  that  the  bleaching  oom- 
potmds,  supposed  to  be  examples  of  such  a  mode  of  combination,  are  miz- 
tares  of  a  metallic  j^loride  and  a  chloril«  of  an  oxide.  The  aopposed  chlo- 
rite,  wlien  heated,  passes  into  a  chlorate  and  chloride;  but  if  colouring  mat- 
ter or  an  oxidable  substance  be  present,  the  chlorous  acid  yields  its  oxygen, 
end  a  metallic  chloride  results.  The  bleaching  power  of  the  compound  is  q£ 
course  attributed  to  the  oxygen  which  is  set  at  liberty.  This  point  is  power- 
fully  argued  by  Berzelius,  and  supported  on  well-contrived  experiments;  baft 
nnoo  no  decisive  proof  of  the  existence  of  such  a  compound  as  chlorooa 
acid  has  as  yet  been  given,  there  appears  to  be  no  sufficient  reason  for 
rejecting  the  explanation  generally  adopted  by  chembts.  (An.  de  Ch.  et  do 
Ph.zxxviiL208.) 

Iodine  has  a  stron?  attraction  for  metals;  and  m<iBt  of  the  compoonda 
which  it  forms  with  them  sustain  a  red  heat  in  dose  vessels  without  deeom- 

Ewition.  But  in  the  degree  of  its  affinity  for  metallic  substances  it  ie 
ferior  to  chlorine  and  oxygen.  We  have  seen  that  chlorine  has  a  stron^r 
affinity  than  oxygen  for  metals,  since  it  decomposes  nearly  all  oxides  at  high 
temperatures;  and  it  separates  iodine  also  from  metals  und^  the  same  circam- 
stances.  If  the  vapour  of  iodine  is  brought  into  contact  with  potassa,  soda, 
protoxide  of  lead,  or  oxide  of  bismuth,  heated  to  redness,  oxygen  gas  is 
evolved,  and  the  metals  of  those  oxides  will  unite  with  iodine.  But  iodine, 
so  ftr  as  is  known,  cannot  separate  oxygen  from  any  other  metal ;  nay,  all 
the  iodides,  except  those  just  mention^,  are  decomposed  hy  exposure  to 
oxygen  ^as  at  the  temperature  of  ignition.  All  the  iodides  are  decomposed 
by  chlorine,  bromine,  and  concentrated  sulphuric  and  nitric  acids;  and  the 
iodine  which  is  set  free  may  be  recognixed  either  by  the  colour  of  its  vapour, 
or  by  its  action  on  starch.  (Page  227.)  The  metallic  iodides  are  generated 
under  circumstances  analogous  to  those  above  mentioned  Sar  procuring  thd 
chlorides. 

When  the  vapour  of  iodine  is  conducted  over  red-hot  lime,  baryta,  or 
fltrontia,  ojj^en  is  not  disengaged,  but  an'iodide  of  those  oxides,  according  to 
Gay.Lossac,  is  generated.  The  iodides  of  these  oxides  are,  therelbre,  more 
permanent  than  the  analogous  compounds  with  chlorine.  Iodine  docs  not  com- 
inne  with  any  other  oxide  under  the  same  circumstances;  and  indeed  all 
other  such  iodides,  very  few  of  which  exist,  are,  like  the  chlorides  of  oxides, 
possessed  of  little  permanency,  and  are  dceoro posed  by  a  red  heat 

The  action  of  iodine  on  metallic  oxides,  when  dissolved  or  suspended  ia 
water,  is  precisely  analogous  to  that  of  chlorine.  On  adding  iodine  to  a 
solution  of  the  pure  alkaliGs  or  alkaline  earths,  an  iodide  and  iodate  are 
generated. 

Bromine,  in  its  affinity  for  metallic  substances,  is  intermediate  between 
chlorine  and  iodine;  for  while  chlorine  disengages  bromine  from  its  combi- 
nation with  metals,  metallic  iodides  are  decomposed  by  bromine.  The  same 
phenomena  attend  the  union  of  bromine  wilh  metals,  as  accompany  the 
fiirmation  of  metallic  chlorides.  Thus,  antimony  and  tin  take  fire  by  con- 
tact with  bromine,  and  its  action  with  potassinm  is  attended  with  a  flash 
of  light  and  intense  heat  These  compounds  have  as  yet  been  but  partiaUy 
examined.  They  may  be  formed  by  the  action  of  bromine  on  the  pore 
metals,  and  oflen  by  dissolving  metallic  oxides  in  hydrobromic  acid,  and 
evaporating  the  solution  to  dryness.  Bromine  unites  with  potassa,  soda, 
and  some  other  oxides,  constituting  bleaching  compounds  similar  to  the 
chlorides  above  described.  Bromide  of  lime  is  obuined  by  the  action  of 
bromine  on  milk  of  lime,  a  yellowish  solution  being  Ibrmed  with  water, 
which  bleaches  powerfully. 
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Ai  flnoriiie  has  not  hitherto  heen  obtained  in  m  separate  state,  the  nalore 
of  its  aelMin  on  the  melaJs  is  onliDown ;  but  the  chief  difficalty  of  procnriny 
it  in  an  insakted  form  appears  to  arise  from  its  eztremelj  power^l  affinity 
ibr  metallic  sobstances,  in  oooseqnenee  of  which,  at  tlic  moment  of  beooB. 
in|f  free,  it  attacks  the  ▼esaeia  and  instruments  employed  in  its  preparation. 
The  best  mode  of  preparing  the  soloUe  fluorides,  sach  as  those  of  pota^ 
siom  and  sodium,  is  by  dissolTin^  the  carbonate  of  these  allcalies  in  hydrob 
floorie  acid,  and  evaporating  the  solution  to  perfect  dryness.  The  insoluble 
fluorides  are  eaaily  formed  by  precipitation  from  the  soluble  flooridea. 
They  are  without  exception  decomposed  by  concentrated  sulphuric  add 
with  the  aid  of  heat;  and  the  hydrofluoric  acid,  in  escaping,  may  easily  be 
detected  by  its  action  on  glaaa. 

Sulphur,  like  the  preceding  elementary  substances,  haa  a  strong  tendency 
to  unite  with  metals,  and  the  combination  may  be  effected  in  several  way»: 

1.  By  heating  the  metal  directly  with  sulphur.  The  metal,  in  the  form  of 
powder  or  filings,  is  mixed  with  a  doe  proportion  of  sulphur,  and  the  nvz- 
tore  heated  in  an  earthen  emciUe,  which  ia  covered  to  prevent  the  aocese 
of  air;  or  if  the  metal  can  sustain  a  red  heat  without  fusing,  the  vapour  of 
sulphur  may  be  passed  over  it  while  heated  to  redneas  in  a  tube  of  peroelain. 
Hie  act  of  eombinatiooY  which  frequently  enaues  below  the  tcmperatnie  of 
ignition,  is  attended  by  free  disengagement  of  heat,  which  in  aeyeral  in- 
stancea  is  so  great,  that  the  whole  mass  becomes  luminous,  and  shines  with 
a  vivid  light  This  appearance  of  oombnation,  which  ocenrs  quite  indepcn- 
dently  of  the  presence  of  oxygen,  is  exemplified  by  the  sulphurets  of  pota*> 
aittm,  sodium,  copper,  iron,  lead,  and  bismuth. 

9L  By  igniting  a  mixture  of  a  metallie  oxide  and  sulphur. 

9L  By  ctepriving  the  sulphate  of  an  oxide  of  ita  oxygen  by  means  of  heat 
and  eombustible  matter.  Charcoal  or  hydrogen  gas  may  be  employed  ibr 
the  purpose,  as  will  be  described  immediately. 

4.  Bj  hydroaolphuric  acid,  or  a  soluble  metallic  sulphuret.  Nearly  all  the 
aalts  of  the  second  elate  of  metals  are  decomposed  when  a  current  of  hydro- 
sulphuric  acid  gas  is  conducted  into  their  solutions.  The  raits  of  uranium, 
iron,  manganese,  cobalt,  and  nickel  are  exceptiona ;  but  these  are  precipi* 
tated  by  sulphuret  of  potassium. 

The  snlphoreUi  are  opaque  brittle  aolids,  many  of  which,  such  aa  the  suL 
phurels  of  lead,  antimony,  and  irxm,  have  a  metallic  lustre.  They  are-  all 
fusible  by  heat,  and  commonly  aasume  a  crystalline  texture  in  cooling. 
Moat  of  them  are  fixed  in  the  fire ;  but  the  sulphurets  of  mercury  ami 
arsenic  are  remarkable  for  their  volatility.  All  the  sulphurets,  excepting 
those  of  the  first  class  of  metals,  are  insoluble  in  water. 

Most  of  the  protoeulpburets  support  sn  mtense  heat  without  deoomposl^ 
tion ;  but,  in  general,  those  which  contain  move  than  one  equivalent  of  sul* 
phur,  lose  part  of  it  when  strongly  heated.  They  are  all  decomposed  without 
exception  by  exposure  to  the  combined  agency  of  air  or  oxygen  gaa  and 
heat;  and  the  products  depend  entirely  on  the  degree  of  heat  and  the  na« 
mre  of  the  metal.  The  sulphuret  is  more  or  less  converted  into  the  sulphate 
of  an  oxide,  provided  the  sulphate  is  able  to  support  the  temperature  em. 
ployed  in  the  operation.  If  tliia  is  not  the  case,  the  sulphur  is  evolved  under 
the  ftrm  of  sulphurous  acid,  and  a  metallic  oxide  is  lefk ;  or  if  the  oxide  it* 
aelf  is  decompoaed  by  heat,  the  pure  metal  remains.  The  action  of  heat  and 
air  in  decomposing  metallic  sulphurets  is  thp  basis  of  several  metallurgic 
processes.  A  few  sulphurets  are  deoomposed  by  the  action  of  hydrogen  gas 
at  a  red  heat,  the  pure  metal  being  set  free  and  hydroeulphoric  acid  evolm. 
Rose  iiiids  that  the  only  sulphurets  which  admit  of  being  easily  reduced  to 
ike  Jnetallic  state  in  thia  way  are  those  of  antimony,  bismuth,  and  silver. 
"Hie  sulphuret  of  tin  is  decomposed  with  difiiculty,  And  requires  a  very  high 
temperature.  All  the  other  sulphurets  which  he  subjected  to  this  treatment 
were  either  deprived  of  a  part  only  of  their  sulphur,  Fueh  as  bisulphur^  of 
iron,  or  were  not  attacked  at  all,  aa  happened  with  the  sulphurets  of  xine, 
Wad,  and  copper.  (Poggendorfifa  AasakD,  W.  109.) 
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Bfany  of  the  metaOic  sulpharets  were  formerly  thought  to  be  compoonds 
of  sulphur  and  a  metallic  oxide;  an  error  first  pointed  out  by  Proust,  who 
demonstrated  that  protosulphuret  of  iron,  as  well  as  the  bisulphuret,  are 
compounds  of  sulphur  and  metallic  iron  without  any  oxygen.  (Journsl  de 
Physique,  liii.)  He  proved  the  same  of  the  sulphurets  of  oUier  metals,  such 
as  mercury  and  copper.  He  was  of  opinion,  however,  that  in  some  instances 
sulphur  does  unite  with  a  metallic  oxide.  Thus,  when  sulphur  and  per. 
oxide  of  tin  are  heated  together,  sulphurous  acid  is  disengaged,  and  the  re- 
sidue, according  to  Proust,  is  a  sulphuret  of  the  protoxide,  but  in  this  he 
was  in  error. 

In  1817  Vauquelin  extended  these  views  to  the  compounds  formed  by 
heating  an  alkali  or  an  alkaline  earth  with  sulphur,  which  were  previously 
regarded  as  sulphurets  of  a  metallic  oxide.  He  explained  that  the  elements 
of  the  alkali  unite  with  separate  portions  of  sulphur,  forming  a  metallic  sul- 
phuret  and  sulphuric  acid,  the  latter  of  which  unites  with  undecoroposed 
alkali.  Thus,  in  preparing  the  so-called  liver  of  tulpkur,  made  by  fusing 
carbonate  of  potassa  with  sulphur,  one  portion  of  the  alkali  is  completely 
decomposed,  its  elements  unite  separately  with  sulphur,  i^iving  rise  io  suL 
phuret  of  potassium  and  sulphuric  acid,  the  latter  of  which  combines  with 
undecom posed  potassa.  These  views  were  at  the  same  time  supported  by 
Gay-Lussac.  (An.  de  Ch.  et  de  Ph.  vi.) 

One  of  the  chief  arguments  adduced  by  Vauquelin  in  support  of  his 
opinion  was  drawn  from  the  action  of  charcoal  on  sulphate  of  potassa.  ' 
When  a  mixture  of  this  salt  with  powdered  charcoal  is  ignited  without  ex- 
posure to  the  air,  carbonic  oxide  and  carbonic  acid  gtaea  are  formed,  and  a 
sulphuret  is  left,  analogous  both  in  appearance  and  properties  to  that  which 
may  be  made  by  igniting  carbonate  of  potassa  directly  with  sulphur.  They 
are  both  essentially  the  same  substance,  and  Vauquelin  conceived  from  the 
strong  attraction  of  carbon  for  oxygen,  that  both  the  sulphuric  acid  and  po- 
tassa would  be  decomposed  by  charcoal  at  a  high  temperature ;  and  that, 
consequently,  the  product  must  be  a  sulphuret  of  potassium. 

Berthier  has  proved  that  these  changes  do  actually  occur.  (An.  de  Ch.  et 
de  Ph.  xxii.)  He  put  a  known  weight  of  sulphate  of  baryta  into  a  crucible 
lined  with  a  mixture  of  clay  and  charcoal,  defended  it  from  contact  with 
the  air,  and  exposed  it  to  a  white  heat  for  the  space  of  two  hours.  By  this 
treatment  it  Buffered  complete  decomposition,  and  it  was  found  that  in  pass- 
ing  into  a  sulphuret,  it  had  suffered  a  loss  in  weight  precisely  equal  to  the 
quantity  of  oxygen  originally  contained  in  the  acid  and  earth.  This  circum- 
stance,  coupled  with  the  fact  that  there  had  been  no  loss  of  sulphur,  is  de- 
cisive evidence  that  the  baryta  as  well  as  the  acid  had  lost  its  oxygen,  and 
that  a  sulphuret  of  barium  had  been  formed.  He  obtained  the  same  results 
also  with  the  sulphates  of  strontia,  lime,  potassa,  and  soda ;  but  from  the 
light  fusibility  of  the  sulphurets  of  potassium  and  sodium,  their  loss  of 
weight  coald  not  be  determined  with  such  precision  as  in  the  other  in- 
stances. 

The  experiments  of  Bcrzelius,  performed  about  the  same  time,  are  ex- 
ceedingly elegant,  and  still  more  satisfactory  than  the  foregoing.  (An.  de 
Ch.  et  de  Ph.  xx.)  He  transmitted  a  current  of  dry  hydrogen  gas  over  a 
known  quantity  of  sulphate  of  potassa,  heated  to  redness.  It  was  expected 
from  the  strong  affinity  of  hydrogen  for  oxygen,  that  the  sulphate  would  be 
decomposed ;  and,  accordingly,  a  considerable  quantity  of  water  was  form- 
ed, which  was  carefully  collected  and  weighed.  The  loss  of  weight  which 
the  salt  had  experienced  was  precisely  equivalent  to  the  oxygen  of  the  acid 
and  alkali ;  and  the  oxygen  of  the  water  was  exactly  equal  to  Ihe  loss  in 
weight.  A  similar  result  was  obtained  with  the  sulphates  of  soda,  lMjryta« 
strontia,  and  lime. 

It  is  demonstrated,  therefore,  that  the  metallic  bases  of  the  alkalies  and 
alkaline  earths  agree  with  the  common  metals  in  their  disposition  to  unite 
with  sulphur.  It  is  now  certain  that,  whether  a  sulphate  be  decomposed  by 
hydrogen  or  charcoal,  or  sulphur  ignited  with  an  alkali  or  alkaline  earth,  a 
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UHAallxc  suSphnret  is  always  the  product  Direct  combination  brtween  mil- 
ptmr  and  a  metallic  oxide  is  a  very  rare  occurrence,  nor  has  the  existence  of 
snch  a  compound  been  clearly  established.  GayXussac  indeed  states  that, 
when  an  alkali  or  an  alkaline  earth  is  heated  with  sulphur  in  such  a  man- 
ner  that  the  temperature  is  never  so  high  as  il  low  red  heat,  the  product  is 
really  the  sulphuret  of  an  oxide.  But  the  facts  adduced  in  favour  of  this 
opinion  are  not  altogether  satisfactory,  so  that  the  real  nature  of  the  pro- 
'duct  must  be  decided  by  future  observation. 

Several  of  the  metallic  sulphureta  occur  abundantly  in  natnre.  Those  that 
are  most  frequently  met  with  are  the  sulphurets  of  lead,  antimony,  copper, 
iron,  zinc,  molybdenum,  and  silver. 

The  metallic  seleniurets  have  so  close  a  resemblenpe  in  their  chemical 
relations  to  the  sulphurets,  that  it  is  unnecessary  to  give  a  separate  descrip. 
tion  of  them.  They  may  be  prepared  either  by  bringing  selenium  in  con- 
tact with  the  metals  at  a  high  temperature,  or  by  the  action  of  hydroselenie 
acid  on  metallic  solutions. 

Cyanogen,' as  mentioned  at  page  265,  has  en  affinity  for  metallic  sub- 
stances. Nearly  all  the  cyanurets  of  the  second  class  of  metals  are  insolu- 
ble in  water,  and  may  be  obtained  by  precipitation  with  cyanoret  of  potas- 
sium. Most  of  them  are  decomposed  by  a  red  heat  even  without  exposure 
to  the  air. 

Cyanogen  unites  also  with  some  of  the  metallic  oxides.  When  hydro- 
cyanic acid  vapour  is  transmitted  over  pure  baryta  contained  in  a  porcelain 
tabe,  and  heated  till  it  begins  to  he  luminous,  hydrogen  gas  is  evolved,  and 
cyanuret  of  baryta,  according  to  Gay-Lussac,  is  generated.  The  same 
chemist  succeed<Kl  in  forming  the  cyanurets  of  potassa  and  soda  by  a  simi- 
lar process.  These  compounds  exist  only  in  tlie  dry  state.  A  change  is 
produced  in  them  by  the  action  of  water,  the  nature  of  which  has  already 
been  explained.   (Page  270.) 

RespectinjEr  the  preceding  compounds  there  remains  one  subject,  the  con- 
sideration of  which,  as  applying  equally  to  all,  has  been  purposely  delayed. 
The  non-metallic  ingredient  of  each  of  these  compounds  is  the  radical  of  a 
hydracid;  that  is,  has  the  property  of  forming  with  hydrogen  an  acid, 
which,  like  other  acids,  is  unable  to  unite  with  metals,  but  appears  to  com- 
bine readily  with  many  metallic  oxides.  Owing  to  this  circumstance,  a 
difficulty  arises  in  explaining  the  action  of  such  substances  on  water. 
Thus,  when  chloride  of  potassium  is  put  into  water,  it  may  dissolve  without 
Buffering  any  other  chemical  change,  and  the  liquid  accordingly  contain 
chloride  of  potassium  in  solution.  But  it  is  also  possible  that  the  elements 
of  this  0ompound  may  react  on  those  of  water,  its  potassium  uniting  with 
oxygen,  and  its  chlorine  with  hydrogen ;  and  as  the  resulting  potassa  and 
hydrochloric  acid  have  a  strong  affinity  for  each  other,  the  solution  would  of 
course  contain  hydrochlorate  of  potassa.  A  similar  uncertainty  attends  the 
action  of  water  on  other  metallic  chlorides,  and  on  the  compounds  of  metals 
with  iodine,  bromine,  sulphur,  and  similar  substances;  so  that  when  iodide, 
sulphnret,  and  cyanuret  of  potassium  are  put  into  water,  it  may  be  doubted 
whether  they  dissolve  as  such,  or  whether  they  may  not  be  converted,  by 
decomposition  of  water,  into  hydriodatc,  hydrosulphate,  and  hydrocyanate 
of  potassa.  This  question  would  at  once  be  decided,  could  it  be  ascertained 
whether  water  is  or  is  not  decomposed  during  the  process  of  solution ;  but 
this  is  the  precise  point  of  difficulty,  since,  ^om  the  operation  of  the  laws 
of  chemical  union,  no  disengagement  of  gas  does  or  can  take  place,  by 
which  the  occurrence  of  such  a  change  may  be  indicated.  Chemists,  ac- 
cordingly,  being  guided  by  probabilities,  are  divided  in  opinion,  and  I  shall, 
therefore,  give  a  brief  statement  of  both  views,  with  the  arguments  in  favour 
of  each. 

According  to  one  view,  then,  chloride  of  potassium  and  all  similar  cpm- 
poonds  dissolve  in  water  without  undergoin^f  any  other  change,  and  are  de- 
posited in  their  original  slate  by  crystallization.  When  any  hydracid,  such 
m  hydrochloric  or  hydriodie  acid,  is  mixed  with  potassa  or  any  similar 
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metallic  oxide,  the  acid  and  salifiable  base  do  not  unite;  but  the  oxygen  of 
the  oxide  combiDes  with  tlie  hydroffen  of  the  acid,  and  the  metal  itself  with 
the  radical  of  the  hydracid.  This  kind  of  double  decomposition  unquestion^ 
ablj  takes  place  in  some  instances,  as  when  hydrosulphuric  acid  acta  upon 
acetate  of  oxide  of  lead,  the  insoluble  sulphuret  of  lead  bein^  actually  pre- 
cipitated ;  but  it  is  also  thought  to  occur  even  when  the  transparency  of  the 
solution  is  undisturbed.  It  is  argued,  accordingly,  that  hydrochlorate  of 
potassa,  and  the  salts  of  the  hydracida  in  general  have  no  existence.  Thus, 
when  nitrate  of  tiie  oxide  of  silver  is  added  to  a  solution  of  chloride  or 
cyanuret  of  potassium,  metallic  silver  is  said  to  unite  with  chlorine  or  cy- 
anogen, while  the  oxygen  of  the  o.xidc  of  silver  combines  with  potassium ; 
so  Uiat  nitrate  of  potassa  and  chloride  or  cyanuret  of  silver  are  generated. 
On  adding  sulphuric  acid  to  a  solution  of  chloride  of  potassium,  hvdrochlo* 
ric  acid  and  potassa,  which  did  not  previously  exist,  are  instantly  tormed  in 
consequence  of  water  being  decomposed,  and  yielding  its  hydrogen  to  chlo> 
rine,  and  its  oxygen  to  potassium ;  exactly  as  happens  when  concentrated 
sulphuric  acid  is  brought  into  contact  with  solid  chloride  of  potassium.  It 
is  further  believed  that  the  crystallized  hydrochlorate  of  lime,  baryta,  and 
strontia,  which  contain  water  or  its  elements,  are  metallic  chlorides  com- 
bined  with  water  of  crystallization ;  and  the  same  view  is  applied  to  all 
analogous  compounds. 

According  to  the  otiier  doctrine,  chloride  of  potassium  is  converted  into 
hydrochlorate  of  potassa  in  the  act  of  dissolving;  and  when  the  solution  is 
evaporated,  the  elements  existing  in  the  salt  reunite  at  the  moment  of  crys- 
tallization,  and  crystals  of  chloride  of  potassium  are  deposited.  The  same 
explanatiou  applies  in  all  cases,  when  the  salt  of  a  hydracid  crystallizes 
without  retaining  the  elements  of  water.  Of  those  compounds  which  in 
crystallizing  retain  water  or  its  elements  in  combination,  two  opinions  may 
be  formed.  Thus  crystallized  hydrochlorate  of  baryta,  which  consists  of 
one  equivalent  of  chlorine,  one  of  barium,  two  of  oxygen,  and  two  of  hydro- 
gen, may  be  regarded  as  a  compound  either  of  hydrochlorate  of  baryta 
with  one  equivalent  of  water  of  crystallization,  or  of  chloride  of  barium 
with  two  equivalents  of  water.  When  exposed  to  heat,  two  equivalents  of 
water  are  expelled,  and  chloride  of  barium  is  left.  When  nitrate  of  the 
oxide  of  silver  is  mired  in  solution  with  hydroclilorate  of  potassa,  the  oxy- 
gen of  tJie  oxide  of  silver  unites  with  the  hydrogen  of  the  hydrochloric 
acid,  chloride  of  silver  is  precipitated,  and  nitrate  of  potassa  remains  in  the 
liquid.  On  adding  sulphuric  acid  to  a  hydrochlorate,  hydrochloric  acid  is 
simply  displaced,  just  as  when  carbonic  acid  in  marble  is  separated  from 
lime  by  the  action  of  nitric  acid. 

On  comparing  these  opinions  it  is  manifest  that  both  are  consistent  with 
well-known  affinities.  When  a  metallic  chloride  is  dissolved  in  water,  tlic 
attraction  of  chlorine  for  the  metal,  and  that  of  oxygen  for  hydrogen,  tend 
to  prevent  chemical  change ;  but  the  affinities  of  the  metal  for  oxygen,  of 
chlorine  for  hydrogen,  and  of  hydrochloric  acid  for  metallic  oxides,  co-ope* 
rate  in  determining  the  decomposition  of  water,  and  the  production  of  a 
hydrochlorate.  In  favour  of  the  latter  view,  the  following  considerations 
may  be  adduced : — 1.  The  solution  of  some  compounds,  such  as  sulphuret 
and  cyanuret  of  potassium,  actually  emit  an  odour  of  hydrosulphuric  and 
hydrocyanic  acid.  2.  Other  compounds,  such  as  the  chlorides  of  copper, 
aobalt,  and  nickel,  instantly  acquire,  when  put  into  water,  the  colour  pecu- 
liar to  the  salts  of  the  oxides  of  those  metals.  3.  The  solution  of  protochlo- 
ride  of  iron,  like  the  protosulphate,  absorbs  oxygen  from  the  atmasphere; 
an  effect  which  seems  to  indicate  the  presence  of  the  protoxide  of  iron  in 
tlie  liquid.  4.  In  some  instances  there  is  direct  proof  of  decomposition  of 
water.  Thus  when  sulphuret  of  aluminium  is  put  into  that  fluid,  alumina 
is  generated,  and  hydrosulphuric  acid  gas  disengaged  with  effervescence. 
InUke  manner  chloride  and  sulphuret  of  silicium  are  converted  by  water 
into  silica,  and  hydrochloric  and  hydrosulphuric  acid.  In  these  cases  the 
urant  of  affinity  between  the  new  compounds  causes  their  separation^  aodt 


thus  affords  direct  proof  that  water  is  decomposed.  Bat  the  affinities 
which  produce  this  chan^  do  not  appear  so  likely  to  be  effective,  as  those 
which  are  in  operation  when  chloride  of  potassium  is  put  into  water )  espe^ 
eially  when  it  is  considered  that  the  attraction  of  chlorine  for  hydrogen, 
and  potassium  fi»r  oxygen>  is  aided  by  that^f  the  resulting  acid  and  oxide 
for  each  other. 

These  arguments  may  be  successively  answered  in  the  following  man- 
ner : — 1.  That  solutions  of  cyanuret  and  sulphuret  of  potassium  smell  of 
hydrocyanic  and  hydroeulphuric  acids,  because  the  carbonic  acid  of  the  at* 
Biosphere  gradually  decomposes  them.  3.  That  metals  may  yield  with 
chlorine  eorapounoB  of  the  same  colour  as  the  oxides  of  the  same  metals. 
Thus  the  terchloride  and  terfluoride  of  chromium  have  a  red  colour  closely 
resembling  that  of  chromic  acid.  3.  Protochloride  of  iron  may  attract 
oxygen  from  the  air  because  of  its  known  tendency  to  pass  into  the  state  of 
a  sesqaichloride,  a  portion  of  iron  being  at  the  same  time  conterted  into 
peroxide.  4.  That  while  certain  chlorides  do  really  decompose  water,  it 
must  be  conceded  that  others  dissolve  directly  without  change.  Hie  hichlo^ 
ride  of  platinum  and  terchloride  of  gold  are  soluble  in  ether,  forming  solu- 
tions which  must  be  regarded  as  chlorides  and  ncA  hydrochlorates,  since 
pure  ether  is  anhydrous;  and  When  aqueous  soAiAions  of*^ these  chlorides  aro 
agitated  with  ether,  ethereal  solutions  t>f  platinum  and  gold  are  formed,  ex- 
actly similar  to  those  made  with  ether  idone.  It  can  scarcely  be  doubted, 
then,  that  these  chlorides  exist  as  such  in  water.  In  favour  of  the  same 
view  it  may  with  truth  ho  alleged,  that  the  chlorides  of  potasnum  and 
sodium  dissolve  in  and  crystallize  out  of  water  without  evincing  the  least 
sign  of  any  other  change  than  mere  solution  and  mere  crystallization. 
Again,  crystals  of  the  so-called  hydrochlorate  of  baryta  become  chloride  of 
barium  with  loss  of  water  by  mere  exposure  to  a  dry  air ;  a  cause  appa^ 
rently  inadequate  to  determine  the  hydrogen  of  the  acid  to  unite  with  the 
x>xygen  of  the  oxide,  but  sufficient  to  explam  the  phenomena  if  the  crystals 
were  chloride  of  barium  with  water  of  crystallization. 

On  weighing  these  and  other  considerations  of  a  like  kind,  it  appears  un- 
deniable  mat  some  metallic  chlorides,  iodides,  cyanurets,  and  similar  com- 

runds  dissolve  as  such  in  water;  that  all  do  so,  is  a  position  which  cannot, 
think,  be  maintained;  and,  therefore,  the  existence  of  such  compounds  as 
hydracjds  united  with  metallic  oxides  can  scaercely  be  denied.  At  the  same 
time  It  is  necessary,  to  avoid  a  perpetually  recurring  two-fold  explanation, 
to  adhere  oonsislently  to  one  view ;  and  the  reader  may  have  observed  that 
I  have,  in  this  edition,  uniformly  gone  on  the  supposition  that  chlorides,  and 
the  same  class  of  bodies,  dissolve  as  such  in  water.  The  considerations 
which  have  led  to  this  preference  are  principally  drawn  from  the  history  of 
the  sulphur-salts. 

Chemists  are  aequainted  with  several  metallic  phosphurets;  and  it  is  pro- 
bable  that  phosphorus,  like  sulphur,  is  capable  of  uniting  with  all  the  metals. 
Little  attention,  however,  has  hitherto  been  devoted  to  these  compounds; 
and  for  the  greater  part  of  our  knowledge  concerning  them  we  are  indebted 
to  the  researches  of  Pelletier  and  Rose.  (An.  de  Ch.  i.  and  xiii.;  and  Pog. 
Annalen,  vi.  205.) 

The  metallic  phosphurets  may  be  prepared  in  several  ways.  The  mos 
direct  method  is  by  bringing  phosphorus  in  contact  with  metals  at  a  high 
temperature,  or  by  igniting  metals  in  contact  with  phosphoric  acid  and 
charcoal.  Several  of  the  phosphurets  may  be  formed  by  transmitting  a 
current  of  phosphuretted  hydrogen  gas  over  metallic  oxides  heated  to  red- 
ness  in  a  porcelain  tube,  when  water  is  generated,  and  a  phosphuret  of  the 
metal  remains  By  similar  treatment  the  chlorides  and  sulphurets  of  manj 
metals  may  be  decomposed,  and  phosphurets  formed,  provided  the  metal  is 
capable  of  retaining  phosphorus  at  a  red  heat  According  to  Roee,  the 
phosphurets  of  copper,  nickel,  cobalt,  and  iron  are  the  only  ones  which 
•dmit  of  being  advantageously  prepared  by  this  method.  When  chlorides 
tfe  employed,  hydrochloric  add,  and  with  sulphurets  hydroBolphorlc  add 
gas,  is  of  course  generated* 
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Phosphorae  is  raid  to  unite  with  motallic  oxides.  For  ezampre,  pfiosphit- 
ret  of  lime  is  said  to  be  formed  by  conducting  the  vapour  of  pAtospboros 
over  that  earth  at  a  low  red  heat;  but  it  is  probable  that  in  this  instance,  as 
with  a  mixture  of  sulphur  and  an  alkali,  part  of  the  metallic  oxide  m 
decomposed,  and  that  the  product  contains  phosphuret  of  calcium  and 
phosphate  of  lime. 

The  only  metallic  carburets  of  importance  are  Aose  of  iron,  which  wul 
be  described  in  the  section  on  that  metal. 

Hydrogen  unites  with  few  metals.  The  only  metallic  hydrogurets,  or 
bydurets  known  are  those  of  zinc,  potassium,  arsenic,  and  tellurium*  No 
definite  compound  of  nitrogen  and  a  metal  has  hitherto  been  discovered. 

The  discoveries  of  modern  chemistry  have  materially  added  to  the  num* 
her  of  the  metals,  especially  by  associating  with  them  a  class  of  bodies 
which  was  formerly  believed  to  be  of  a  nature  entirely  different.  The 
metallic  bases  of  the  alkalies  and  earths,  previous  to  the  year  1807,  were 
altogether  unknown ;  and  before  that  date  the  Ust  of  meUls,  with  few  exoep- 
tions,  included  those  only  which  are  commonly  employed  in  the  arts,  and 
which  are  hence  often  called  the  common  metals.  In  consequence  of  this 
increase  in  number,  it  is  found  convenient,  for  the  purpose  of  description,  to 
arrange  them  in  separate  groups;  and  as  the  alkalies  and  earths  differ  in 
several  respects  from  the  oxides  of  other  metals,  it  will  be  convenient  ta- 
describe  them  separately.  I  have  accordingly  divided  the  metals  into  the^ 
two  following  classes : — 

Class  I.    Metals  which  by  oxidation  yield  alkalies  or  earths. 

Class  II.    Metals,  the  oxides  of  which  are  neither  alkalies  nor  earths.. 

Class  I.  This  class  includes  thirteen  metals,  which  may  properly  be 
arranged  in  three  orders. 

Order  1.  Metallic  bases  of  the  alkalies.  They  are  three  in  number; 
namely. 

Potassium,  Sodium,  Lithium. 

These  metals  have  such  a  powerful  attraction  for  oxygen,  that  thej 
decompose  cold  water  and  even  ice  at  the  moment  of  contact,  and  are 
oxidized  with  disengagement  of  hydrogen  ^as.  The  resulting  oxides  are 
distinguished  b^  their  causticity  and  solubihty  in  water,  and  by  possessin|^ 
alkaline  properties  in  an  eminent  degree.  They  arc  called  alkalies,  and 
their  metallic  bases  are  sometimes  termed  alkaline  or  alialigencus  metals. 

Order  2.  Metallic  bases  of  the  alkaline  earths.  These  are  four  in 
number;  namely. 

Barium,  Strontium,  Calcium,  Magnesium, 

These  metals,  excepting  magnesium,  also  decompose  water  rapidly  at 
common  temperatures.  The  resulting  oxides  are  called  alkaliiu  earths; 
because,  while  in  their  appearance  they  resemble  the  eartlis,  they  are  similar 
to  the  alkalies  in  having  a  strong  alkaline  reaction  with  test  paper,  and  in 
neutralizing  acids.  The  three  first  are  strongly  caustic,  and  baryta  and 
strontia  are  soluble  in  water  to  a  considerable  extent 

Order  3.    Metallic  bases  of  the  earths.    These  are  six  in  number ;  namely, 

Aluminium,  Yttrium,  Zirconium, 

Glucinium,  Thorium,  Silicium. 

The  oxides  of  these  metals  are  well  known  as  the  pure  earths.  They  are 
white  and  of  an  earthy  appearance,,  in  tlieir  ordinary  state  are  quite  insoln* 
ble  in  water,  and  do  not  affect  tho  colour  of  turmeric  or  litmus  paper.  As 
salifiable  bases  they  are  inferior  to  the  alkaline  earths.  Silica  is  even  con- 
sidered by  several  chemists  as  an  acid,  and  its  chemical  relations  appear  to 
justify  the  opinion.  For  reasons  to  be  afterwards  mentioned,  the  (propriety 
of  placing  silicium  among  the  metals  is  exceedingly  douhtfuL 
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C1.A88  II.  The  number  of  the  metals  included  in  this  oiaM  amounts  to 
twentj.nine.  They  are  all  capable  of  uniting  with  ozjgen,  and  generally  in 
iDore  than  one  proportion.  Their  protoxides  have  an  earthy  appearance, 
bat  with  few  exceptions  are  coloured.  They  are  insoluble  in  water,  and  in 
general  do  not  affect  the  colour  of  test  paper.  Most  of  them  act  as  salifiable 
bases  in  uniting  with  acids,  and  Ibrmidff  salts)  but  in  this  respect  they  are 
much  inferior  to  the  alkalies  and  alkaline  earths,  by  which  they  may  be 
ae|i)|rated  from  their  combinations.  Several  of  these  metals  are  capable  of 
^.oiing-  with  oxygen  compounds,  which  possess  the  character  of  acids.  The 
m^^ils  in  which  this  property  has  been  noticed  are  manganese,  arsenic, 
*  chrooaium,  vanadium,  molybdenum,  tungsten,  columbium,  antimony,  tita- 
nium,  tellurium,  and  gold. 

The  metals  belonging  to  the  second  class  may  be  conveniently  arranged 
in  the  three  following  orders  :->- 

Order  1.  Metals  which  decompose  water  at  a  red  heat  They  are  seven 
in  number;  namely. 

Manganese,  Cadmiumi  Cobalt, 

Iron,  Tin,  NickeL 

Zinc, 

Order  3.  Metals  which  do  not  decompose  Water  at  any  temperature,  and 
the  oxides  of  which  are  not  reduced  to  the  metallic  stato  by  the.  sets  action 
of  heat.    Of  these  there  are  fourteen  in  number;  namely. 

Arsenic,  Columbium,  Titanium, 

Chromium,  Antimony,  Tellurium, 

Vanadium,  Uranium,  Copper, 

Molybdenum,  Cerium,  Lead. 

Tungsten,  Bismuth, 

Order  3.  Metals,  the  otides  of  which  are  decomposed  by  a  red  hvai* 
These  are 

Mercury,  Platinum,  Osmium, 

Silver,  Palladium,  Iridium. 

Gold,  Rhodium, 
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CLASS  I. 


BTETALS  WHICH  BY  OXIDATION  YIELD  ALKALIES  OK* 
EARTHS. 


ORDER  L 

METALLIC  BASES  OF  THE  ALKAUES. 


SECTION   I. 
POTASSIUM. 


PoTASSfiTH,  or  kdium,  was  discoTcred  in  the  year  1607  by  Sir  H.  Davy, . 
and  the  circumstances  which  led  to  the  discovery  have  already  been  de- 
scribed. Hydrate  of  potassa,  slightly  tnoistened  for  the  purpose  of  increas- 
rng  its  conducting  power,  was  made  to  comUiunicatfe  with  the  opposite  poles 
of  a  galvanic  battery  of  200  double  plates ;  when  the  oxygen  both  of  the 
water  and  the  potassa  passed  over  to  the  positive  pole,  while  the  hydrogen 
of  the  former,  and  the  potassium  of  the  latter,  made  their  appearance  at  the 
negative  pole.  By  this  process  potassium  is  obtained  in  small  quantity  only ; 
but  Gay-Lussac  and  Thenard  invented  a  method  by  which  a  more  abun- 
dant supply  may  be  procured.  (Recberches  Physico-Chimiques,  voL  i.) 
Their  process  consists  in  bringing  fused  hydrate  of  potassa  in  contact  with 
turnings  of  iron  heated  to  whiteness  in  a  gun-barrel.  The  iron,  under  tliese 
eircumstances,  deprives  the  water  and  potassa  of  oxygen,  hydrogen  gas  com- 
bined with  a  little  potassium  is  evoivedr  and  pure  potassium  sublimes,  and 
may  be  collected  in  a  cool  part  of  the  apparatus. 

Potassium  may  also  bo  prepared,  as  first  noticed  by  M.  Curaiidan,  by 
mixing  dry  carbonate  of  potassa  with  half  its  weight  of  powdered  charcoal, 
and  exposing  the  mixture,  contained  in  a  gun -barrel  or  spheroidal  iron  bot- 
tle, to  a  strong  heat.  An  improvement  on  botli  processes  has  been  made  by 
M.  Brunner,  who  decomposes  potassa  by  means  of  iron  and  charcoal.  From 
eight  ounces  of  fused  carbonate  of  potassa,  six  ounces  of  iron  filings,  and 
two  ounces  of  charcoal  mixed  intimately  and  heated  in  an  iron  bottle,  he 
obtained  140  grains  of  potassium.  (Quarterly  Journal,  xv.  379.)  Berzclius 
has  observed  mat  the  potassium  thus  made,  though  fit  for  all  the  usual  pur- 
poses to  which  it  is  applied,  contains  a  minute  quantity  of  carbon ;  and, 
therefore,  if  required  to  be  quite  pure,  must  be  rendered  so  by  distillation  in 
a  retort  of  iron  or  green  glass.  A  modification  of  this  process  has  been 
since  described  by  Wohler,  who  efTects  the  decomposition  of  the  potassa 
solely  by  means  of  charcoal.  The  material  employed  for  the  purpose  is  car- 
bonate of  potassa,  prepared  by  heating  cream  of  tartar  to  redness  in  a  oo-- 
Tored  cruciUe.  (PoggendorfiTs  Annalen,  iv.  33.) 

Potassium  is  solid  at  the  ordinary  temperature  of  the  atmosphere.  At  70^ 
it  is  somewhat  fluid,  though  its  fluidity  is  not  perfect  till  it  is  heated  to  150^. 
At  50^  it  is  soft  and  malleable,  and  yields  like  wax  to  the  pressure  of  the 
fingers ;  but  it  becomes  brittle  when  cooled  to  32^.  It  sublimes  at  a  low  red 
heat,  without  undergoing  any  change,  provided  atmospherio  air  be  com*- 
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pletely  exdaded.  ha  texture  i^  crystaffipe^  as  may  be  teen  by  breaking  it 
BcroM  whiie  brittle.  In  coloar  and  lustre  h  b  precisely  similar  to  mercury. 
At  60^  its  density  is  0.865r>so  that  it  is  oonsiderably  lighter  than  water.  It 
18  quite  opaque,  and  is  a  good  conductor  of  beat  and  electricity. 

The  most  prominent  chemical  property  of  potassium  is  •  its  affinity  for 
oxygen  gas.  It  oxidizes  rapidly  in  the  air,  or  by  contact  with  fluids  which 
oontain  oxygen.  On  this  account  it  most  be  preserved  either  in  glass  tubes 
hermetically  sealed,  or  under  the  sur&oe  of  liquids,  such  as  naphtha,  of 
which  oxygen  is  not  an  element*  If  heated  in  the  open  air,  it  takes  fire, 
and  burns  with  a  purple  flame  and  great  evolution  of  heat  It  decomposee- 
water  on  the  instant  of  touching  it,  and  so  much  heat  is  disengaged,  that 
the  potassium  is  inflamed,  and  burns  vividly  while  swimming  upon  its  sur- 
face. The  hjrdrogen  unites  with  a  little  potassium  at  the  moment  of  se para* 
tion ;  and  this  compound  takes  fire  as  it  escapes,  and  thus  augments  the 
brilliancy  of  the  combustion.  When  potassium  is  plunged  under  water,  vio> 
lent  reaction  ensues,  but  without  light,  and  pure  hydrogen  gas  is  evolved. 

The  combining  weiebt  or  equivalent  of  potassium  is  easily  deducible 
from  the  composition  of  potassa  and  chloride  of  potassium,  which  are  ad- 
mitted to  consist  of  single  equivalents  of  their  elements.  Gay-Lussac  and 
Thenard,  and  Davy  inferred  the  composition  of  potassa  from  the  hydrogen 
gas  evolved,  when  a  known  weight  of  potassium  is  oxidized  under  water, ^ 
the  volume  of  the  oxygen  which  unites  with  the  metal  being  equal  to  half 
the  volume  of  the  hydrogen.  Berzelius  analyzed  chloride  of  potassium  by 
means  of  nitrate  of  oxide  of  silver,  and  inferred  that  39.15  is  the  equivalent 
of  potassium. 

Potassium.  Equlv.        FormtUie. 
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39.15 
39.15 
39.15 
39.15 
39.15 


1  eq.4- Oxygen    8 

leq.+     do.      24 
1  eq.+Chlor.     3542 
1  eq.-t^odioe  126.3 
1  eq.+Brom.     78.4 
1  eq.+FIoor.     18.68 


Protoxide 

Peroxide 

Chloride 

Iodide 

Bromide 

Fluoride 

Su^      ICompositioDuncerUia. 

Sulphuret  39.15 
Bisulpburet  39.15 
Tersulphuret  39.15 

B^hn^^  i  ComposiUon  and  number  uncertain. 
Cyanurets      39.15    1  eq.+Cyanog.26  39      leq.s 
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1  eq.s  57.83 
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48.3 
64.4 


1  eq.s  55.25 
2eq.r=  71.35 
^eq.»  87.45 

4  eq^l03.55 


K+0  or  K. 
K+30orK. 
K+a  or  KCl. 
K+I  or  KI. 
K+BrorKBr. 
K+F  or  KF. 

K+S  or  If  S. 
K+2S  or  KS«. 
K+3S  or  KS«. 

KH-4S  or  KS*. 


do.      80.5      5  eq.»  119.65    K+5SorKS«. 


65.54 


K-fCyorKCy. 
^39.15    leq.+  5|'0*?58.59    1  cq.=:  97.74    K+CyS». 


*  Mr.  Ddrand,  pharmaceutist  of  Philadelphia,  has  ascertained  that  the  es- 
sential oil  of  copaiba  is  a  good  liquid  for  the  preservation  of  potassium, 
rhave  used  it  myself  for  Ibis  purpose,  and  am  satisfied  that  it  is  superior  to 
the  ordinary  naphtha.  The  brightness  of  the  metal  is  but  slightly  impaired, 
while  in  common  naphtha  it  becomes  covered  with  a  blackish  fihn.  Several 
chemists  have  used  this  oil  on  the  recommendation  of  Mr.  Durand,  and  with 
satisfactory  results. — Ed. 
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Protoxide  of  PotoMium.'— This  compound^  commonly  called  poiaoh  or  po^ 
ta«fa,  and  by  the  Germans  kali  <an  Arabic  word),  is  always  rormed  when 
potasMuiB  is  put  into  water,  or  when  it  is  exposed  at  common  tcmperatares 
to  dry  air  or  oxygen  gas.  By  the  former  method  the  protoxide  is  obtained 
in  combination  with  watery  and  in  the  latter  it  is  anhydrous*  In  perform- 
ing  the  last-mentioned  process,  the  potassium  should  bo  cut  into  yery  thin 
slices;  for  otherwise  the  oxidation  is  incomplete.  The  product,  when  par- 
tially oxidized,  is  regarded  by  fienclius  as  a  distinct  oxide ;  but  most  che- 
mists admit  it  to  be  a  more  mixture  of  potassa  and  potassium. 

Anhydrous  potassa  can  only  be  prepared  by  the  slow  oxidation  of  potas> 
■iuoL,  as  already  mentioned.  In  its  pore  state  it  is  a  white  solid  substance, 
highly  caustici  which  fuses  at  a  temperature  somewhat  above  that  of  red- 
ness,  and  bears  the  strongest  heat  of  a  wind  furnace  without  being  dccom- 
posed  or  volatilized.  It  has  a  powerful  affinity  for  water,  and  intense  heat  is 
disengaged  during  the  act  of  combination.  With  a  certain  portion  of  that 
liquid  it  forms  a  solid  hydrate,  the  elements  of  which  are  united  by  an 
affinity  so  energetic,  that  no  degree  of  heat  hitherto  employed  can  effect 
their  separation.  This  substance  was  long  regarded  as  the  pure  alkali,  bat 
it  is  in  reality  a  hydrate  ofpotaooa.  It  is  composed  of  47.15  parts  or  one  eq. 
of  potassa,  and  9  parts  or  one  eq.  of  water;  and  its  formuk  is  (K4.O)  -f. 
(H4-0),orK+H. 

Hydrate  of  potassa  is  solid  at  common  temperatures.  It  fuses  at  a  heat 
rather  below  redness,  and  assumes  a  somewhat  crystalline  texture  in  cool- 
ing. It  is  highly  deliquescent,  and  requires  about  half  its  weight  of  water 
for  solution.  It  is  soluble,  likewise,  in  alcohol.  It  destroys  all  animal  textures, 
and  on  this  account  is  employed  in  surgery  as  a  caustic.  It  was  formerly 
called  lapis  causticus^  but  it  is  now  termed  potassa  and  potassa  fusa  by  the 
Colleges  of  Edinburgh  and  London.  This  preparation  is  made  by  evapo. 
rating  the  aqueous  solution  of  potassa  in  a  silver  or  clean  iron  capsule  to 
the  consistence  of  oil,  and  then  pouring  it  into  moulds.  In  this  state  it  is 
impure,  containing  oxide  of  iron,  together  with  chloride  of  potassiumt  and 
carbonate  and  sulphate  of  potassa.  It  is  purified  from  tliese  substances  by 
solution  in  alcohol,  and  evaporation  to  the  same  extent  as  before  in  a  silver 
vessel.  The  operation  should  be  performed  expeditiously,  in  order  to  pre- 
vent, as  far  as  possible,  the  absorption  of  carbonic  acid.  When  common 
caustic  potassa  of  the  druggists  is  dissolved  in  water,  a  number  of  smaU 
bubbles  of  gas  are  disengaged,  which  is  pure  oxygen.  Mr.  Graham  finds  its 
quantity  to  be  variable  in  different  specimens,  and  to  depend  apparently  on 
the  impurity  of  the  specimen. 

The  aqueous  solution  of  potassa,  aqua  potasstB  of  the  Pharmacopceia,  is 
prepared  by  decomposing  carbonate  of  potassa  by  lime.  To  effect  this  object 
completely,  it  is  advisable  to  employ  equal  parts  of  quicklime  and  carbonate 
of  potassa.  The  lime,  as  soon  as  it  is  slaked,  is  added  to  the  carbonate,  dis- 
solved  in  six  or  ten  times  its  weight  of  hot  water,  and  the  mixture  is  boiled 
briskly  in  a  clean  iron  vessel  for  about  ten  minutes.  The  liquid,  afler  sub- 
siding, is  filtered  through  a  funnel,  the  throat  of  which  is  obstructed  by  a 
piece  of  clean  linen.  This  process  is  founded  on  the  fact  that  lime  de- 
prives carbonate  of  potassa  of  its  acid,  forming  an  insoluble  carbonate  of 
lime,  and  setting  the  pure  alkali  at  liberty.  If  the  decomposition  is  complete, 
the  filtered  solution  should  not  effervesce  when  neutralized  with  an  acid. 
Liebig  finds  that  a  strong  solution  of  caustic  potassa  actually  deprives  car- 
bonate of  lime  of  its  acid,  and  that,  from  this  circumstance,  carbonate  of 
potassa  cannot  be  rendered  quite  caustic  by  lime,  unless  diluted  with  about 
ten  times  its  weight  of  water. 

As  pure  potassa  absorbs  carbonic  acid  rapidly  when  fheely  exposed  to  the 
atmosphere,  it  is  desirable  to  filter  its  solution  in  vessels  containing  as  small 
a  quantity  of  air  as  possible.  This  is  easily  effected  by  means  of^the  filter- 
ing  apparatus  devised  by  Mr.  Donovan.    It  consists  of  two  vessels  ▲  and  Xk, 
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of  equal  capicity,  tnd  oonneeted  with  eaeh  other  as 
repraeeoted  in  the  annexed  wood-cut  The  neck  6 
of  the  upper  yeeeel  contains  a  tight  cork,  perforated 
to  admit  one  end  of  the  glass  tube  c,  and  the  lower 
extremitj  of  the  same  vessel  terminates  in  a  funnel 
pipe,  which  fits  mto  one  of  the  necks  of  the  under 
vessel  n  by  grinding,  luting,  or  a  tight  eork.  The 
▼easel  o  is  furnished  with  another  neck  e,  which 
receives  the  lower  end  of  the  tube  c,  the  junction 
being  secured  by  means  of  a  perforated  cork,  or 
hiting.  The  throat  of  the  funnel  pipe  is  obstructed  by 
a  piece  of  coarse  linen  loosely  rolled  up,  and  not 
pressed  down  into  the  pipe  itself.  The  solution  is 
then  poured  in  through  the  mouth  at  b,  the  cork 
and  tube  having  been  removed ;  and  the  first  drop- 
vmgSj.  which  are  turbid,  are  not  received  in  the 
lower  vesseL  The  parts  of  the  apparatus  are  next 
joined  together,  and  the  filtration  may  proceed  at 
the  slowest  rate,  without  exposure  to  more  air  than 
was  contained  in  the  vessels  at  the  beginning  of 
the  process.  This  apparatus  should  be  made  of 
gieen  in  preierence  to  white  glass;  as  the  pore 
alkalies  act  on  the  former  much  less  than  on  the 
latter.  (Annals  of  Philosophy,  xxvi.  115.) 

The  mode  b^  which  this  apparatus  acts  scarcely 
needs  explanation.  In  order  that  the  liquid  should 
descend  fi-eely,  two  conditions  are  required :  — ^first, 
that  the  air  above  the  liquid  should  have  tlie  same  elastic  foroe,  and  there» 
fore  exert  the  same  pressure;  as  that  below ;  and,  secondly,  as  one  meant 
of  seeuring  the  first  condition,  that  the  air  should  have  free  egress  firom 
the  lower  vessel.  Both  objects,  it  is  manifest,  are  accomplished  m  th« 
filtering  apparatus  of  Mr.  Donovan  ;  sfaice  for  every  drop  of  liquid  which 
descends  firom  the  upper  to  the  lower  vessel,  a  corresponding  portion  of  air 
posses  along  the  tube  e  from  the  lower  vessel  to  the  upper. 

Solution  of  potassa  is  highly  caostic,  and  its  taste  intensely  acrid.  It 
poeooflscn  alkaline  properties  in  an  eminent  degree,  converting  the  vegetable 
blue  colours  to  green,  and  neutralizing  the  strongest  acids.  It  absorbs  car- 
bonic acid  gas  rapidly,  and  is  consequently  employed  for  withdrawing  that 
substance  from  gaseous  mixtures.  For  the  same  reason  it  should  be  pre- 
served  in  weIl«Iosed  bottles,  that  it  may  not  absorb  carbonio  aeid  from  tho 
atmosphere. 

Potassa  is  employed  as  a  reagent  in  detecting  the  presence  of  bodies,  and 
in  separating  them  from  each  other.  The  solid  hydrate,  owing  to  its  strong 
aS&nity  for  water,  is  used  for  depriving  gases  of  liygrometrio  moisture,,  and 
is  admirably  fitted  for  forming  frigorific  mixtures,  (rage  39.) 

Potassa  may  be  distinguished  from  all  other  substances  by  the  following' 
characters.  1.  If  tartaric  aeid  be  added  in  excess  to  a  salt  of  potassa,  dis- 
solved in  cold  water,  and  the  solution  be  stirred  with  a  glass  rod,  a  white 
precipitate,  bitartrate  of  potassa,.  soon  appears,  which  forms  peculiar  whits 
streaks  upon  the  glass  by  the  pressure  of  the  rod  in  stirring.  2..  It  is  pre- 
cipitated by  perchloric  acid  in  the  cold,  the  perehlorate  of  potassa  having 
nearly  the  same  degree  of  solubility  as  the  bitartrate.  3.  A  solution  of  chlo- 
ride of  platinum  causes  a  yellow  precipitate,  the  double  chloride  of  platinum 
and  potassium.  A  drop  or  two  of  hydrochloric  acid  should  be  added  at  the 
■ame  time  as  the  test,  the  mixture  be  evaporated  to  dryness  at  212°,  and  a 
little  cold  water  be  afterwards  added,  when  the  double  chloride  is  lefl  in 
the  form  of  small  shining  yellow  crystals.  ChbriUe  of  platinum  dissolved 
in  alcohol  often  gives  an  immediate  precipitate,  which  falls  of  a  pale  yeUow 
colour.  4.  The  alcoholic  solution  of  carbazotic  acid  throws  down  potassa 
In  yellow  crystals  of  corbazotate  of  potassa,  which  is  very  sparingly  sduhle. 


5.  It  fields  a  light  stelatinooa  precipitate,  the  doable  fluoride  of  potaniam 
and  siliciam,  with  uueated  hydroflaoric  acid.  Of  these  tests  carbuotic  acid 
is  the  most  delicate  in  a  solution  of  pure  potassa;  but  when  the  alkali  is 
combined  with  a  strong  acid,  the  chloride  of  platinum  is  preferable. 

The  following  test  has  been  recommended  by  M.  Harfcort  fur  distinguish- 
ing between  potassa  and  soda  in  minerals.    Oxide  of  nickel,  when  fused  by 
the  blowpipe  flame  with  borax,  gives  a  brown  glass ;  and  this  glass,  if  meit^ 
«d  with  a  mineral  containing  potassa,  becomes  blue,  an  effect  which  is  not 
produced  by  the  presence  of  soda. 

Peroxide, — When  potassium  bums  in  the  open  air  or  in  oxygen  gaa,  it  is 
Converted  into  an  orange>coloared  substance,  which  is  peroxide  of  potas- 
sium. It  may  likewise  be  formed  by  conducting  oxygen  gas  over  potassa 
at  a  red  heat;  and  it  is  produced  in  small  quantity  when  potassa  is  heated 
in  the  open  air.  It  is  the  residue  of  the  decomposition  of  nitre  by  beat  in 
metallic  vessels,  provided  the  temperature  be  kept  up  for  a  suflicient  time.* 
When  the  peroxide  is  put  into  water,  it  is  resolved  into  oxygen  and  potassa, 
the  former  of  which  escapes  with  effervescence,  and  the  latter  is  dissolved. 

Chioride  of  Potossium.— ^Potassium  takes  fire  spontaneously  in  an  atmo- 
sphere of  chlorine,  and  bums  with  greater  brilliancy  than  in  oxygen  gas. 
This  chloride  is  generated  with  evmution  of  hydrogen  when  potassium  is 
heated  in  hydrochloric  acid  gas  j  and  it  is  the  residue  after  the  decomposi* 
tlon  of  chlorate  of  potassa  by  heat  It  is  formed  when  potassa  is  dissolved 
in  a  solution  of  hydrochloric  acid^  and  is  deposited  by  slow  evaporation  in 
anhydrous  colourless  cubic  crystals.  It  has  a  saline  and  rather  bitter  taste, 
is  insoluble  in  alcohol,  and  requires  ibr  solution  3  parts  of  water  at  6U^,  and 
still  less  of  hot  water. 

Iodide  of  Potosstumw— This  compound  is  formed  with  evolution  of  heat 
and  light,  when  potassium  is  heated  in  contact  with  iodine :  it  is  the  sole 
residue  after  deoomposinff  iodate  of  potassa  by  heat ;  and  by  neutralizing 
potassa  with  hydriodic  acid  it  is  obtained  in  solution.  The  simplest  process 
for  preparing  it  in  quantity  is  to  add  iodine  to  a  hot  solution  of  pure  potassa 
until  the  idkali  is  neutralized,  when  iodide  of  potassium  and  iodate  of 
potassa  are  generated,  evaporate  to  dryness,  and  expose  the  dry  mass  in  a 
platinum  crucible  to  a  gentle  red  heat  in  order  to  decompose  the  iodate. 
The  fused  mass  is  then  dissolved  out  by  water  and  crystallized.  Another 
process  is  to  digest  iodine,  with  zinc  or  iron  filings  in  water,  and  then 
decompose  the  resulting  iodide  of  zinc  or  iron  by  a  quantity  of  potassa  just 
sufficient  to  precipitate  the  oxide. 

Iodide  of  potassium  fuses  readily  when  heated,  and  rises  in  vapour  at  a 
heat  below  fiill  redness,  especially  in  an  open  vessel.  It  is  very  soluble  in 
water,  requiring  only  two-thirds  of  its  weight  at  60^  for  solution,  and  in  a 
moist  atmosphere  deliquences.  It  disfiolves  also  in  strong  alcohol,  even  in 
the  cold,  and  the  solution,  when  evaporated,  yields  colourless  cubic  crystals 
of  iodide  of  potassi  um. 

The  commercial  iodide  is  firequently  impure,  often  containing  chloride  of 

*  This  fact  was  ascertained  by  Dr.  Bridges  of  Philadelphia,  in  tlie  spring 
of  1827,  while  investigating  the  nature  of  the  gas  given  off,  on  the  addition 
of  water,  from  the  residue  of  nitre,  after  exposure  in  an  iron  bottle  to  a  red 
heat.  This  gas  proved  to  consist  of  oxygen  nearly  pure,  and  the  residue 
was  converted  into  a  solution  of  hydrate  of  potassa.  These  results  evident- 
ly prove,  that  the  residue  in  question  consists  of  peroxide  of  potassium.  Dr. 
Bridges  suggests  that  the  employment  of  this  residue  might  prove  conve* 
nient  to  the  chemist  for  obtaining  oxygen  extemporaneously ;  as  it  would  be 
necessary  only  to  add  water  in  order  to  c^tain  the  gas.^ — North  American 
Medical  and  Surgic&l  Jounudr^,  241. 

About  the  same  time  that  Dr.  Bridges  made  the  above  observations, 
similar  ones  were  made  by  Mr.  Phillips  in  London. — AnnaU  of  Philo9opkv^ 
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pcylBflsiam  or  sodiam,  and  sulphate  or  carbonate  of  potama,  the  laat  some* 
times  in  a  very  large  quantity.  It  is  well  to  purchase  it  in  crystals,  which 
oo^ht  not  to  deliquesce  in  a  moderately  dry  air,  but  when  in  powder  are 
completely  soluble  in  the  stronfjrest  alcohol. 

Iodine  is  freely  soluble  in  water  which  contains  iodide  of  potassium,  a 
brown  solution  resulting,  which  has  been  thooght  to  arise  from  potassium 
uniting  with  two  or  more  equivalents  of  iodine.  No  solid  compound  of  the 
kind,  however,  has  been  obtained. 

Bromide  of  Potasnum. — ^This  compound  is  formed  by  processes  similar 
to  that  for  preparing  the  iodide,  and  is  analogous  to  it  in  most  of  its  proper- 
ties. It  is  very  soluble  in  water,  and  crystallizes  by  evaporation  in  anhy. 
drons  cubic  crystals,  which  fuse  readily,  and  decrepitate  when  heated  like 
sea-salt    It  is  but  slightly  soluble  in  alcohol. 

^  Fluoride  of  Pota$sium, — ^This  compound  is  best  formed  by  nearly  satura- 
ting^ hydrofluoric  acid  with  carbonate  of  potassa,  evaporating  to  drjmess  in 
platinum,  and  igniting  to  expel  any  excess  of  acid.  The  resulting  fluoride 
has  a  sharp  saline  taste,  is  alkaline  to  test  paper,  deliquesces  in  the  air,  and 
dissolves  freely  in  water.  On  evaporating  its  solution  at  a  temperature  of 
100^  it  may  be  obtained  in  cubes  or  rectangular  four-sided  prisms,  which 
deliquesce  rapidly.  The  solution  acts  on  glass  in  which  it  is  kept  or 
evaporated.  Heated  with  silicic  acid,  it  forms  a  fusible  limpid  glass,  which 
when  cold  is  opaque  and  deliquescent.  Water  dissolve  fluoride  of  potas- 
aium,  and  the  silicic  acid  is  lefL 

Hydrogen  and  Potassium. — ^These  substances  unite  in  two  proportions, 
forming  in  one  case  a  solid  and  in  the  other  a  gaseous  compound.  The 
latter  is  produced  when  hydrate  of  potassa  is  decomposed  by  iron  at  a  white 
heat;  and  it  appears  also  to  be  generated  when  potassium  burns  on  the  sur- 
fiioe  of  water.  It  inflames  spontaneously  in  air  or  oxygen  gas ;  but.  on 
standing  for  some  hours  over  mercury,  the  greater  part,  if  not  the  whole  of 
the  potassium,  is  deposited. 

The  solid  hydoret  of  potasiium  was  made  by  Gay-Lussac  and  Thenard, 
by  heating  potassium  in  hydrogen  gas.  It  is  a  gray  solid  substance,  which 
is  readily  decomposed  by  heat  or  contact  with  water.  It  does  not  inflame 
spontaneously  in  oxygen  gas. 

Carburet  of  Potassium^ — This  compound  has  not  been  obtained  in  a  pure 
state;  but  it  is  thought  to  form  part  of  the  residue  in  the  preparation  of 
potassium  from  charcoal  (page  394);  for  on  pouring  that  matter  into  water, 
effervescence  ensues  owing  to  the  escape  of  carburetted  hydrogen  gas,  and 
carbonate  of  potassa  is  found  in  solution. 

Sulphurets  of  Potassium, — Potassium  unites  readily  with  sulphur  by  the 
aid  of  gentle  heat,  emitting  so  much  heat  that  the  mass  becomes  incan- 
descent. The  nature  of  the  product  depends  on  the  proportions  which  are 
employed.  The  protosulphuret  is  readily  prepared  by  decomposing  sul- 
phate  of  potassa  by  charcoal  or  hydrogen  gas  at  a  red  heat  (page  288).  It 
may  be  prepared  in  the  moist  way  by  a  process  which  will  be  mentioned  in 
describing  the  sulphur-salts.  • 

The  protosulphuret  of  potassium  fuses  below  a  red  heat,  and  acquires  on 
cooling  a  crystalline  texture.  It  has  a  red  colour,  its  taste  is  at  first  strong, 
ly  alkaline  and  then  sulphurous,  has  an  alkaline  reaction  with  test  paper, 
deliquesces  on  exposure  to  the  air,  and  is  soluble  in  water  and  alcohol. 
Most  of  the  acids  decompose  it  witli  evolution  of  hydrosulphuric  acid  gas, 
and  without  any  deposits  of  sulphur.  It  takes  fire  when  heated  before  the 
blowpipe,  and  quickly  acquires  a  coating  of  sulphate  of  potassa,  which 
stops  the  combustion;  but  when  mixed  in  fine  division  with  charcoal,  it 
kindles  spontaneously,  forming  a  good  pyrophorus. 

The  hisulphuret  is  formed  by  exposing  a  saturated  solution  in  alcohol  of 
hydrosulphate  of  sulphurct  of  potassium  (KS^-  HS),  until  a  pellicle  begins 
to  form  upon  its  surface,  and  then  evaporating  to  dryness  without  further 
exposure.  The  first  change  consists  in  oxygen  of  t!ie  air  uniting  with  hy- 
drogen of  hydrosulphuric  acid,  the  sulphur  of  which  unites  with  potassium. 
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Then  the  formaftioii  of  hypoenlpharoiu  acid  beffiiie;  and  as  tin  fayposnlphils 
of  potaMa  is  ioBoluble  in  alcohol,  it  gives  a  pellicle  on  its  eurfroo. 

The  ttrtu2ji&tiret  is  prepared  pare  by  transmitling  the  Tapoar  of  biaulphn- 
ret  of  carbon  over  carbonate  of  potawa  at  a  red  Iwat,  as  lon^  as  carbonic 
acid  or  carbonic  oxide  gases  are  disen^ged.  It  is  also  foroMd  when  car- 
bonate  of  potassa  is  heated  to  low  redness  with  half  its  weight  of  sulphur, 
ontil  the  mass  appears  in  tranquil  fusion :  the  oxygen  of  3-4ths  of  the  po* 
tassa  unites  with  sulphur  to  form  sulphuric  acid,  which  exactly  suffices  to 
neutralize  l-4th  of  the  alkali,  and  all  the  carbonic  acid  is  evolved  as  gas^ — 
Thos 

4  eq.  potassa  and  10  eq.  sulphur  S  3  eq.  tennilphuret  &  1  eq.  sulphate. 
4CK+0)  lOS  S       3(K+3S)         (K+0)+cS+30> 

This  is  known  under  the  name  of  liver  of  9ulphur  (p.  S88). 

The  quadro$tUphuret  is  prepared  by  transmitting  the  vapour  of  bisnlpliQ- 
ret  of  carbon  over  sulphate  of  potassa  at  a  red  heat,  until  carbonic  acid  gaa 
ceases  to  be  disengaged;  or  by  conducting  the  same  process  with  the  ter- 
sulphuret  prepared  by  the  second  method,  until  its  sulphuric  acid  and  potassm 
are  decomposed. 

The  auintowlphuret  is  formed  by  fusing  carbonate  of  potassa  with  ilB 
own  weight  of  sulphur,  the  residue  containing  sulphste  of  potassa  as  in  pre- 
paring the  tersulphuret  Each  equivalent  of  potassium  is  united  with  five 
of  sulphur,  being  the  highest  degree  of  sulphuration  which  can  be  formed 
by  fusion. 

These  four  last  sulphurets  are  deliquescent  in  the  air,  have  a  sulphuroos 
odour,  and  are  soluble  in  water ;  and  those  who  consider  them  to  decompose 
water  in  dissolving,  suppose  the  formation  of  corresponding  compounds  of 
hydrogen  and  sulphur.  On  decomposing  the  solutions  with  hydrochloric  or 
sulphuric  acid,  the  changes  ensue  which  have  already  been  explained  (page 
960).  As  the  solution  of  the  quintosulphuret  dissolves  sulphur,  a  still  higher 
degree  of  sulphuration  must  probably  exist. 

Phosphurets  of  Potosstum. — ^When  potassium  is  heated  in  phosphuretted 
hydrogen  gas,  it  takes  fire,  phosphuret  of  potassium  is  formed,  and  hydrogen 
set  free;  and  combination  is  also  effected  by  gently  heating  phosphorus 
with  potassium.  The  number  and  proportion  of  these  compounds  have  not 
yet  been  determined.  They  decompose  water  with  formation  of  phosphu- 
retted hydrogen,  potassa,  and  some  acid  of  phosphorus. 

SeUniurett  of  Poiaasium, — These  elements  unite  when  fused  together, 
sometimes  with  explosive  violence,  forming  a  crystalline  fusible  compound 
of  an  iron-gray  colour  and  metallic  lustre.  It  dissolves  completely  in  water, 
yielding  a  deep  red  solution,  very  similar  in  tasS;  and  odour  to  solutions  of 
sulphuret  of  potassium.  On  adding  an  acid,  hydroselenic  acid  gas  is 
evolved,  and  selenium  deposited,  ^lution  of  potassa  dissolves  selenium, 
and  gives  rise  to  a  seleniuret  of  potassium  and  selenite  of  potassa;  and  the 
same  compounds  are  formed  when  selenium  is  heated  with  carbonate  of 
potassa. 

Cyanuret  of  PoUuiium. — ^This  substance  is  always  produced  when  animal 
matters  are  decomposed  by  heat  along  with  potassa ;  but  the  best  mode  of 
preparing  it,  is  to  heat  anhydrous  ferrocyanuret  of  potassium  to  redness  in 
an  iron  bottle,  furnished  with  a  tube  Tor  the  escape  of  gas,  as  long  as  any 
gas  is  disengaged.  The  cyanuret  of  iron  is  thus  resolved  into  a  carburet  of 
iron  and  nitrogen,  and  the  former  remains  mixed  with  cyanuret  of  potas- 
sium: the  latter  should  be  dissolved  in  the  smallest  possible  quantity  of  cold 
water,  and  the  solution,  afler  subsiding  in  a  corked  bottle,  be  rapidly  filtered, 
and  brought  to  dryness  in  vacuo  by  means  of  sulphuric  acid. 

Cyanuret  of  potassium  is  very  fusible,  bears  a  strong  heat  without  de- 
composition,  provided  air  and  water  are  excluded,  ond  may  be  preserved  in 
a  well-stoppered  bottle  without  change.  It  often  crystallizes  afler  fusion  in 
colourless  cubes.  Exposed  to  the  air  it  gradually  becomes  moist,  and 
smells  strongly  of  hydk)cyanio  acid.    Its  taste  is  pungent  and  alkaline^ 
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loUowed  by  the  flavour  of  hj^drocyanic  acid,  and  it  haf  an  alkaline  reaetion. 
It  is  poiMMious,  acting  on  animals  in  the  flame  manner  as  hydrocyanic  add. 
In  water  it  is  very  soloble,  and  also  diseolvet,  though  less  readily,  in  alco- 
hcl  Its  solution  is  decomposed  by  acids,  potassa  and  hydrocyanic  acid 
being  generated,  a  change  which  is  caused  even  by  the  carbonic  acid  of  the 
air.  On  heating  its  solution  a  complex  change  ensues,  during  which,  from 
reaction  between  the  elements  of  water  and  cyanogen,  carbonic  acid,  hydro- 
cyanic acid,  and  ammonia  are  generated. 

The  impurities  which  cyanuret  of  potassium  is  apt  to  contain,  are  ferro- 
cyanuret  of  potassium  and  carbonate  of  potassa.  The  former  may  be  de-. 
tected  by  its  forming  Prussian  blue  with  sulphate  of  peroxide  of  iron,  an 
e^ct  which  pure  cyanuret  of  potassium  does  not  occasion ;  and  it  may  be 
got  rid  of  by  renewed  exposure  to  heat  Carbonate  of  potassa  is  present  if 
a  solution  of  the  cyanuret  gives  a  precipitate  of  carbonate  of  lime  in  a 
solnlion  of  chloride  of  calcium ;  and  the  cyanuret  is  purified  by  solution  in 
boiling  alcohol,  out  of  which  it  separates  by  evaporation. 

Sulpkocyanuret  of  Paiagtiunu — ^To  prepare  this  compound  take  anhydrous 
ierrocyanuret  of  potassium  in  powder,  mix  it  with  an  equal  weight  of  sul- 
phur,  and  heat  the  mixture  in  a  porcelain  vessel  to  a  strong  heat,  somewhat 
short  of  redness.  The  mixture  speedily  fuses,  takes  fire,  and  burns  briskly 
for  a  few  minutes,  during  which  it  should  be  well  stirred.  In  this  process 
sulphur  unites  with  S-3rds  of  the  cyanogen,  forming  bisulphuret  of  cyano- 
gen; l^rd  of  the  cyanogen  is  decomposed,  yielding  bisulphuret  of  carbon 
and  nitrogen,  which  escape ;  and  the  iron  combines  with  sulphur.  On  add- 
ing water  and  filtering,  a  colourless  solution  is  obtained,  and  on  the  filter 
remains  sulphnret  of  iron  of  a  green  colour.  It  often  happens  that  the 
MJntion  after  a  few  hours  becomes  red,  owing  apparently  to  the  presence  of 
■iilpiiocyannret  of  iron,  the  metal  of  which  is  oxidized  by  the  oxygen  of  the 
air:  in  that  case  a  i^uantity  of  carbonate  of  potassa  should  bo  added,  whi^ 
jvt  fluflloes  to  precipitate  the  iron,  and  the  solution  be  again  filtered.  The 
seoond  process  may  be  prevented,  and  the  product  increased,  by  mixing 
with  the  ferroeyanuret  of  potassium  about  l-5th  of  its  weight  of  pure  car- 
bonate of  potassa  befere  fusion  with  sulphur. 

Sttlphoeyanuret  of  potassium  is  very  -fusible,  and  in  close  vessels  bears  a 
strong  heat  without  decomposition.  It  has  a  cool  saline  taste,  similar  to 
that  Sf  nitre,  deliquesces  in  tlie  air,  is  very  soluble  in  water,  and  is  likewise 
dissolyed  by  alcohol  A  hoi  concentrated  solution  depositee  confused  oris, 
matie  crystals  as  it  cods.  It  is  quite  neutral  to  test  paper,  and  may  be  kept 
even  in  water  without  change. 


SECTION  II. 

SODIUM. 

SoDiOM,  the  nairium  of  the  Germans,  was  discovered  in  1807^  a  few  dsvs 
after  the  discovery  of  potassium.  1^  first  portions  of  it  were  obtained  by 
means  of  galvanism ;  hot  it  may  bo  procured  in  much  larger  quantity  by 
chemical  prooeeses,  preoisely  similar  to  thoee  described  in  the  last  section. 
^  Sodium  has  a  strong  metallic  lustre,  and  in  colour  is  very  analogous  to 
diver.  It  is  so  soft  at  common  temperatures,  that  it  may  be  formed  into 
kaves  by  the  pressure  of  the  fingers.  It  fiises  at  SOO^,  and  rises  in  vapour 
at  a  red  heat    Ito  specific  gravity  is  0.973. 

Sodiam  soon  tamiehes  on  exposure  to  the  air,  though  less  rapidly  than 
potasdum.  lake  that  metal  it  is  instantly  oxidized  by  water,  hydrogen  gas 
in  temporary  union  with  a  little  sodium  bdng  disengaged.  When  thrown 
on  odd  water,  it  swims  on  ita  surfeoe  and  is  rapidly  oxidized,  though  in 
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general  without  inflaminur ;  but  with  hot  water  it  icintillates,  or  even  takes 
fire.  Dr.  Ducatel  finds  Uiat  the  heat  rites  high  enough  for  inflammatioii 
with  cold  water,  if  the  sodium  be  confined  to  one  spot,  and  the  water  rest 
on  a  non-conducting  substance,  such  as  charcoal.  (Silliman's  Journal,  xzr. 
90.)  In  each  case,  soda  is  generated,  and  tlie  water  acquires  an  alkaline  re- 
action. 

The  composition  of  soda  was  determined  bj  the  same  methods  as  that  of 
potossa,  and  agreeably  to  the  observations  of  Berzelius  33.3  may  be  taken 
as  the  equivalent  of  sodium.  The  composition  of  the  compounds  of  sodium 
described  in  this  section  is  as  follows ; — 


Sodium. 
Protoxide  23.3  1 
Peroxide  46.6  2 
Chloride  23.3  1 
Iodide  23.3  1 
Bromide  23.3  1 
Fluoride  23.3  1 
Sulphuret  23.3  1 
Cyanuret  23.3  1 
Sulphocy.>23^1 

anuret   C 
Chloride  of  soda. 


eq.+Oxygen        8       1 
eq.+     do.  24        3 

eq.4-Chlorine  35.42  1 
eq.-fIodine  126.3  1 
cq.-(- Bromine  78.4  1 
eq.4.Fluorine  18.68  1 
eq.-|-8ulphur  16.1  1 
eqU-Cyanogcn  26.39  1 
\  Cyanogen  26.39 
**>•+  )  Sulphur  325 
Composition  uncertain. 


Equiv. 

eq.»  31.3 
eq.s=  70.6 
eq.=  58.72 
eq.=149.6 
eq.=  10l.7 
eq.»  41J9B 
eq.s  39.4 
eq.s  49.69 
>  58.59  le^ 


Formulee. 
Na-f  O  or  Na. 
2Na+30  or  1^ 
Na+a  or  NaCJ. 
Na+I  or  Nal. 
Na+Bror  NaBr. 
Na+F  or  NaF. 
Na+Sl  or  NaS. 
Na-fCy  or  NaCy. 
^^  >  Na+(Cy+2§) 
81.89$  orNa+CyS». 


Soda, — The  protoxide  of  sodium,  commonly  called  soda,  and  by  the  Ger- 

lans  natron^  is  formed  by  the  oxidation  of  sodium  in  air  and  water,  as  po- 

tassa  is  from  potassium.  In  its  anhydrous  state  it  is  a  gray  solid,  difficult  of 


mans  natron,  is  formed  by  the  oxidation  of  sodium  in  air  and  water,  as  po- 
tassa  is  from  potassium.  In  its  anhydrous  state  it  is  a  gray  solid,  difficult  of 
fusion,  and  very  similar  in  all  its  characters  to  potassa.  With  water  it  forms 


a  solid  hydrate,  easily  fusible  by  heat,  which  is  very  oaustic,  soluble  in  wa- 
ter and  alcohol,  has  powerful  alkaline  properties,  and  in  all  its  chemical  re- 
lations is  exceedingly  analogous  to  potassa.  It  is  prepared  from  the  solutioD 
of  pure  soda,  exactly  in  the  same  manner  as  the  corresponding  preparation 
of  potassa.  The  solid  hydrate  is  composed  of  31.3  parts  or  one  equivalent  of 
■oda,  and  9  parts  or  one  equivalent  of  water. 

Soda  is  readily  distinguished  from  other  alkaline  bases  by  the  fbllowinr 
characters.  1.  It  yields  with  sulphuric  acid  a  salt,  which  by  its  taste  ana 
form  is  easily  recognized  as  Glauber's  salt,  or  sulphate  of  soda.  2.  All  its 
salts  are  soluble  in  water,  and  are  not  precipitated  by  any  reagent.  3.  On 
exposing  its  salts  by  means  of  platinum  wire  to  the  blowpipe  flame,  they 
communicate  to  it  a  rich  ToUow  colour. 

Peroxide  of  Sodium^ — ^This  compound  is  formed  when  sodium  is  heated 
to  redness  in  an  excess  of  oxygen  gas.  It  has  an  orange  odour,  has  neither 
acid  nor  alkaline  properties,  and  is  resolved  by  water  into  soda  and  oxygen. 

Chloride  of  Soaium* — ^This  compound  may  bo  formed  directly  by  burn- 
ing sodium  m  chlorine,  by  heating  sodium  in  hydrochloric  acid  gas,  and  by 
neutralizing  soda  with  hydrochloric  acid.  It  exists  as  a  mineral  under  tlie 
name  of  rock  oalt,  is  the  chief  ingredient  of  sea- water,  and  is  contained  in 
many  saline  springs.  fVom  these  sources  are  derived  the  different  varieties 
of  common  salt,  such  as  rock,  bay,  fishery,  and  stoved  salt,  which  diftr  fitmi 
each  other  only  in  degrees  of  purity  and  mode  of  preparation. 

The  common  varieties  of  salt,  of  which  rock  and  bay  salt  are  the  purest, 
always  contain  small  quantities  of  sulphate  of  magnesia  and  Ume,  and  chlo- 
ride of  magnesium.  These  earths  may  be  precipitated  as  carbonates  by  boil- 
ing a  solution  of  salt  for  a  few  minutes  with  a  slight  excess  of  carbonate  of 
soda,  filtering  the  liquid,  and  neutralizing  with  hydrochloric  acid.  On  eva- 
porating this  solution  rapidly,  chloride  of  sodium  crystallizes  in  hollow  fbor- 
sided  pyramids ;  but  it  oocura  in  regular  cubic  crystals  when  the  solution  is 
allowed  to  evaporate  spontaneously.  These  crystals  contain  no  wafer  of 
crystallization,  but  decrepitate  remarkably  when  heated,  owing  to  the  expan- 
sion of  water  mechanically  confined  witmn  them. 
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Pure  chloride  of  sodium  has  an  agreeably  saline  taste.  It  fuses  at  a  red 
heat,  and  Itecomes  a  trausparent  brittle  mass  on  cooling.  It  deliquesces 
slighUj  in  a  moist  atmosphere,  but  undergoes  no  change  when  the  air  is 
dry.  In  pure  alcohol  it  is  insoluble.  It  requires  twice  and  a  half  its  weight 
of  water  at  60°  for  solution,  and  its  solubility  is  not  increased  by  boat  Hy* 
drous  sulphuric  acid  decomposes  it  with  evolution  of  hydrochloric  acid  gas, 
and  formation  of  sulphate  of  soda. 

The  uses  of  chloride  of  sodium  are  well  known.  Besides  its  employment 
in  seasoning  food,  and  in  preserving  meat  from  putrefaction,  a  property 
which  when  pure  it  possesses  in  a  high  degree,  it  is  used  for  various  pur- 
poses in  the  arts,  esjwcially  in  the  formation  of  hydrochloric  acid  and  chlo- 
ride of  lime. 

Iodide  of  Sodium* — It  is  obtained  pure  by  processes  similar  to  those  for 
preparing  iodide  of  potassium;  but  it  is  contained  in  sea-water,  in  many 
salt  springs,  and  in  the  residual  liquor  from  kelp  (poge  2S8.)  It  is  a  neutral 
compound  deliquescent  in  the  air,  soluble  in  water  and  alcohol,  fuses  rea- 
dily by  heat,  and  is  volatile,  though  in  a  less  degree  than  iodide  of  potas- 
sium. Evaporated  at  123^  it  crystallizes  from  its  aqueous  solution  in  cubes, 
which  Berzelius  found  to  contain  20.23  per  cent,  of  water. 

Bromide  if  Sodium. — ^This  compound  is  very  analogous  to  sea-salt,  and 
is  associated  with  it  in  sea-water  and  most  salt  springrs.  At  86^  it  crystal- 
lizes from  its  aqueous  solution  in  anhydrous  cubes ;  but  at  lower  tempera- 
tures it  separates  in  hexagonal  tables,  which  Mitscherlich  found  to  contain 
9&37  per  cent  of  water,  or  four  equivalents  to  one  eq.  of  the  bromide. 

Fluoride  <f  Sodium^ — ^This  compound  is  formed  by  neutralizing  bydro- 
flooric  acid  W  soda,  and  by  igniting  the  double  fluoride  of  sodium  and  sili- 
citim,  when  the  fluoride  of  silicium  is  expelled.  When  obtained  by  the  se- 
ooDd  process,  it  crystallizes  from  its  aqueous  solution  in  rhomboidal  crystals, 
but  is  obtained  in  cubes,  its  proper  form,  by  a  second  crystallization :  when 
carbonate  of  soda  is  present  it  crystallizes  in  octohedrons. 

Fluoride  of  sodium  in  crystals  is  anhydrous,  is  almost  insoluble  in  alcohol, 
and  requires  25  times  its  weight  both  o£  hot  and  cold  water  for  solution.  It 
attacks  glass  vesseb  when  evaporated  in  them,  and  by  fusion  unites  with 
■ilicic  acid,  forming  a  glass  which  is  more  fusible  than  the  pure  fluoride ; 
but  water  dissolves  out  the  fluoride,  and  leaves  the  silicic  acid. 

Sklpkmret  of  Sodium, — ^The  protosulphnret  is  obtained  by  processes  simi- 
lar to  those  for  protosulphnret  of  potassium,  to  which  in  its  taste  and  chemi- 
cal relations  it  is  ver^  similar.  A  concentrated  solution  of  it  yields  hydrated, 
square,  four-sided  prisms,  which,  when  heated,  fuse  in  their  water  of  crys- 
tallization, and  then  leave  a  white  anhydrous  mass.  It  deliquesces  in  the  air, 
is  very  soluble  in  water,  and  is  also  dissolved,  though  in  a  smaller  degree, 
by  aloohoL  In  solution  it  absorbs  oxygen  very  rapidly  firom  the  air,  and 
passes  into  hypoeulphate  of  soda. 

Sodium  unites  with  sulphur  in  other  proportions ;  but  the  resulting  com- 
pounds have  not  been  studied. 

According  to  Gmelin  of  Tubingen,  sulphnret  of  sodium  is  the  colouring 
principle  of  lapis  lamdi,  to  which  the  colour  of  ultra-marine  is  owing ;  and 
ne  has  sucoeeoed  in  preparing  artificial  ultra-marine  by  heating  sulphuret  of 
sodium  with  a  mixture  of  silicic  acid  and  alumina.  (An.  de  Ch.  et  de  Ph. 
zzxvii.  409.) 

Chloride  of  Soda, — ^This  compound  has  lately  acquired  the  attention  of 
scientific  men  under  the  name  of  Labarraque's  dioinfeeting  toda  liquid^ 
which  vras  announced  by  M.  liabarraque  as  a  compound  of  chlorine  and 
soda,  analogous  to  the  welUknown  bleaching  powder,  chloride  of  lime.  The 
nature  of  this  liquid  has  been  since  investigated  by  Mr.  Phillips  and  Mr. 
Faraday,  especially  bv  the  latter ;  and  it  appears  fVom  the  experiments  of 
this  chemist,  that  while  chloride  of  soda  is  the  active  ingredient,  its  proper- 
ties  are  considerably  modified  by  the  presence  of  carbonate  of  soda.  (Quar- 
terlr  Journal  of  Science,  N.  S.  ii.  §4.) 

Pure  chloride  of  soda  is  easily  prepared  by  transmitting  to  saturation  a 
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current  of  chlorine  gu  into  a  cold  and  rather  dUute  volulion  of  caostic  soda. 
G>mnion  carbonate  of  soda  may  be  substituted  for^the  pare  alkali ;  but  con- 
atderahle  excess  of  chlorine  must  then  be  eni ployed  in  order  to  displace  the 
whole  of  the  carbonic  acid.  It  may  also  be  formed  easilyt  cheaply,  and  of 
uniform  strength,  by  decomposing  chloride  of  lime  with  carbonate  of  soda, 
as  proposed  by  M.  Payen.  (Quart  Journal  of  Science,  N.  S.  L  236.)  How* 
e?er  prepared,  its  propeKies  are  the  same.  As  its  constituents  are  retained 
m  combination  by  a  feeble  affinity,  the  compound  is  easily  destroyed.  It 
emiti  the  odour  of  chlorine,  and  possesses  the  bleaching  properties  of  that 
substance  in  a  very  high  degree.  When  kept  in  open  vessels,  it  is  slowly  de- 
composed by  the  carbmiic  acid  of  the  atmosphere  with  evolution  of  chlortne ; 
and  the  change  is  more  rapid  in  air  charged  with  putrid  effluvia,  because  the 
carbonic  acid  produced  during  putrefiiction  promotes  the  decompoeitioa  of 
the  chloride.  On  this,  as  was  proved  by  M.  Gaultier  de  Chaubry,  depends 
the  efficacy  of  an  alkaline  chloride  in  purifying  air  loaded  with  putrescent 
_  exhalations.  When  the  solution  is  heated  to  the  boiling  point,  or  ooncen- 
traled  t^  means  of  heat,  the  chloride  undergoes  a  change  previously  ex- 
irfained  (page  211),  and  is  converted  into  chlorate  of  soda  and  chloride  of  so- 
dium. 

Chloride  of  soda  may  be  employed  in  bleaching,  and  for  all  purposes  to 
which  chlorine  gas  or  its  solution  was  formerly  applied.  It  is  now  much 
used  in  removing  the  offensive  odour  arising  from  drains,  sewers,  or  all 
kinds  of  animal  matter  in  a  state  of  putrefaction.  Bodies  disinterred  for  the 
purpose  of  judicial  inquiry,  or  parts  of  the  bod^  advanced  in  putrefaction, 
may  by  its  means  be  rendered  fit  for  examination ;  and  it  is  employed  in 
surgical  practice  for  destroying  the  fetor  of  malignant  ulcers.  Clothes  worn 
by  persons  during  pestilential  diseases  are  disinfected  by  being  washed  with 
this  compound. 

It  is  also  used  in  fumigating  the  chambers  of  the  sick;  for  the  disenga^ 
ment  of  chlorine  is  so  gradual,  that  it  does  not  prove  injurious  or  annoying 
to  the  patient  In  all  these  instances  chlorine  appears  actually  to  decom- 
pose noxious  exhalations  by  uniting  with  the  elements  of  which  they  conflistv 
snd  especially  with  hydrogen. 

In  preparing  the  disinfecting  liquid  of  Labarraque,  it  is  necessary  to  be 
exact  in  the  proportion  of  the  ingredients  employed.  The  quantities  used 
by  Mr.  Faraday,  founded  on  the  directions  of  Labarraque,  are  the  following. 
He  dissolved  SoOO  grains  of  crystallized  carbonate  of  soda  in  1J28  pints  of 
water,  and  through  the  solution,  contained  in  WouIfe*s  apparatus,  was  trans- 
mitted the  chlorine  evolved  from  a  mixture  of  967  grains  of  sea-salt  and 
,11 5Q  grains  of  peroxide  of  manganese,  when  acted  on  by  967  grains  of  sal- 
phone  acid,  diluted  with  750  grains  of  water.  In  order  to  remove  any  ae- 
oompanying  hydrochloric  acid  gas,  the  chlorine  before  reaching  the  soda 
was  conducted  through  pure  water,  by  which  means  nearly  a  thiH  part  was 
dissolved,  but  the  remaining  two-thirds  were  fully  sufficient  tar  the  purpose. 
The  gas  was  readily  absorbed  by  the  solution,  and  from  the  beginning  to 
the  end  of  the  process,  not  a  particle  of  carbonic  acid  gas  was  evolved; 
whereas,  by  employing  an  excess  of  chlorine,  the  carbonic  acid  may  be  en- 
tirely expelled. 

The  solution  thus  prepared  has  all  the  characters  of  Labarraque^s  soda 
liquid.  Its  colour  is  pale  yellow,  and  it  has  but  a  slight  odour  of  chlorine. 
Its  taste  is  at  first  sharp,  saline,  and  scarcely  at  all  alkaline;  but  it  produces 
a  persisting  biting  effect  upon  the  tongue.  It  first  reddens  and  then  de- 
stroys  the  colour  of  turmeric  paper.  When  boiled  it  does  not  give  out  chlo. 
rine,  nor  is  its  bleaching  power  perceptibly  impair^;  and  if  carefully  eva. 
porated,  it  yields  a  mass  of  damp  crystals,  which,  when  re-dissolved,  bleach 
almost  as  powerfully  as  the  original  liquid.  When  rapidly  evaporated  to 
dryness,  the  residue  contains  scarcely  any  chlorate  of  soda  or  diloride  of 
sodium;  but  it  has  nevertheless  lost  more  than  half  of  its  bleaching  powerj 
and,  therefore,  chlorine  must  have  been  evolved  during  the  evaporation. 
The  sduUon  deteriorates  gradually  by  keeping,  chloric  acid  sUd  cblortde  of 
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sodium  hemg  generated.    When  allowed  to  evaporate  spontaneoiuly,  chlo- 
rine gas  is  grradually  evoked,  and  crystals  of  carbonate  of  soda  remain. 

In  some  respects  the  nature  of  this  liquid  is  still  obscure ;  but  from  the 
preceding  fiicts,  drawn  from  the  essay  of  Mr.  Faradaj,  two  points  seem  to 
be  established.  First,  that  the  liquid  contains  chlonne,  carbonic  acid,  and 
soda.  Secondly,  that  the  chlorine  is  not  simply  combined.either  with  water 
or  soda;  £>r  by  boiling,  the  gas  is  neither  expelled  as  it  would  be  from  an 
aqueous  solution,  nor  does  the  liquid  yield  chloric  add  and  chloride  of  so- 
dium as  when  pure  chloride  of  soda  is  heated.  It  may  perhaps  be  regard, 
ed  as  a  compound  of  chloride  and  bicarbonate  of  soda.  Its  production  may 
be  conceived  by  supposing,  that  when  chlorine  is  introduced  in  due  quantity 
into  a  solution  of  carbonate  of  soda,  it  combines  with  half  of  the  alkali, 
while  the  remainder,  with  all  the  carbonic  acid,  constitutes  bicarbonate  of 
soda.  Should  this  salt  unite,  though  by  a  feeble  affinity,  with  chloride  of 
soda,  both  may  thence  derive  a  degree  of  permanence  which  neither  singly 
poosesses.  During  spontaneous  evaporation,  the  tendency  of  the  common 
carbonate  to  crystallixe  may  occasion  its  reproduction,  and  the  disengage, 
ment  of  chlorine.    Those  remarks,  however,  are  merely  speculative. 


SECTION  III. 

LITHIUM. 

"Davy  succeeded  by  means  of  gslvanism  in  obtaining  from  lithia  a  white- 
coloured  metal  like  sodium ;  but  it  was  oxidized,  and  thus  reconverted  into 
lithia,  with  such  rapidity  that  its  properties  could  not  be  farther  examined. 
Its  equivalent,  inferred  from  the  composition  of  sulphate  of  lithia  by  Stro- 
meyer  and  Thomson,  is  10;  but  the  accuracy  of  this  estimate  is  rendered 
doubtful  by  the  experiments  of  M.  Herrman,  according  to  which  6  is  a 
nearer  estimate.  The  compounds  of  lithium  described  m  this  section  are 
thus  constituted : — 

Lithium.  Equiv.       Formulie. 

Lithia                 10  1  eq.+Oxygen    .  8  1  eq.8aail8         L+O  or  L. 

Chloride    .        10  1  eq.+Chlorine  .  35.42  1  cq.a=45.42    L+ClorLCl.- 

Fluoride    .        10   1  eq.  + Fluorine  .  18.68  1  eq.as28.68    L+ForLF. 

lAtJUs.— This,  the  only  known  oxide  of  lithium,  was  discovered  in  1818 
by  M.  Arfwedson  (An.  deCh.  et  de  Ph.  x.)  in  a  mineral  called  pttalUe;  and 
iti  presence  has  since  been  detected  in  spodumene,  lepidolite,  and  in  several 
varieties  of  mica.  Berzelius  has  found  it  also  in  the  waters  of  Carlsbad  in 
Bohemia.  From  the  circumstance  of  its  having  been  first  obtained  from  an 
earthy  mineral,  Arfwedson  gave  it  the  name  of  litMon,  (from  hidmc,  lapu 
deuM^)  a  term  since  changed  in  this  country  to  Uthia.  It  has  hitherto  been 
procured  in  small  quantity  only,  because  spodumene  and  peUlite  are  rare, 
and  do  not  contain  more  than  6  or  8  per  cent  of  the  alkali.  It  is  combined 
in  these  two  minerals  with  silicic  acid  and  alumina ;  whereas  potassa  is  like- 
wise present  in  lepidolite  and  lithion-mica,  and,  therefore,  lithia  should  be 
prepared  solely  from  the  former. 

The  best  process  for  preparing  lithia  is  that  which  was  suggested  by 
Berzelius.  One  part  of  petalite  or  spodumene,  in  fine  powder,  is  mixed  in- 
timately with  two  parts  of  floor  spar,  and  the  mixture  is  heated  with  three 
or  four  times  its  weiffht  of  sulphuric  acid,  as  long  as  any  acid  vapours  are 
disengaged.  The  silicic  acid  of  the  mineral  is  attacked  by  hydrofluoric 
acid,  and  dissipated  in  the  form  of  fluosilicic  gas,  while  the  alumina  and 
lithia  unite  with  sulphuric  acid.    Afler  dissolving  these  salts  in  water,  the 
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led  with  pore  i  .        . 

filtered  and  evaporated  to  drynee»,  and  the  dry  mass  heated  to  redneas  to 
expel  the  aulphate  of  ammonia.    The  residue  ia  pure  sulphate  of  lithia.* 

Lithia,  in  its  alkalinity,  in  forming  a  hydrate  with  water,  and  in  its 
chemical  relations,  ia  closely  allied  to  potasaa  and  soda.  It  is  distinguished 
from  them  by  ita  greater  neutralizing  jpower,  by  forming  sparingly  solobie 
compounds  with  carbonic  and  phosphoric  acids,  and  by  its  salts,  when  heat- 
ed on  platinum  wire  belbre  the  blowpipe,  tinging  the  flame  of  a  red  cokror. 
Also,  wh«i  fused  on  pUtinom  Ibil,  it  attacks  that  metal  and  leaves  a  duQ 
yellow  trace  round  tl^  spot  where  it  lay.  It  is  distinguished  from  baryta, 
strontia,  and  lime,  by  forming  sduble  salts  with  sulphuric  and  oxalic  acids, 
and  from  magnesia  by  ita  carbonate,  though  sparingly  soluble  in  water, 
forming  with  it  a  solution  which  has  an  alkadine  reaction. 

CUoride  of  LUkiuaL — It  is  readily  obtained  by  dissolving  lithia  or  ita 
carbonate  in  hydrochloric  acid.  Like  the  chlorides  of  sodium  and  potas- 
sium, it  yields  by  evaporation  in  a  warm  place  coknirlees,  anhydrous,  cubic 
OYStals,  which  differ  from  those  chlorides  in  being  very  deliquescent,  dis- 
solving freely  in  alcohol  as  well  as  water,  and  in  its  alcoholic  solution  bom- 
inffwith  a  red  flame. 

The*  iodide  and  bromide  of  lithium  have  not  been  examined. 

Fluoride  of  LUkium, — This  is  a  fusible  compound,  prepared  b^  dissolving 
tithia  in  h  vdrofluoric  acid,  and  possesses  about  the  same  solubihty  in  water 
•s  the  carbonate. 


CLASS  I. 

ORDER  II. 
METAI.LIC  BASES  OF  THE  ALKALINE  EARTHS. 

SECTION  IV. 

BARIUM. 

Dayt  discovered  ftsrtttfii,  the  metallic  base  of  baryta,  in  the  year  1808,  by 
a  process  suggested  by  Beraelius  and  Pontin.  It  consists  in  forming  car- 
bonate  of  baryta  into  a  paste  with  water,  placing  a  globule  of  mercury  in  a 
little  hollow  made  in  ita  surface,  and  laying  the  paste  on  a  platinum  tray 
which  communicated  with  the  positive  pole  of  a  galvanic  battery  of  lOO 
double  pktes,  while  the  negative  wire  was  in  contact  with  the  mercury. 
The  baryta  wasldecomposed,  and  ita  barium  combined  with  mercury.  This 
amalgam  was  then  heated  in  a  vessel  free  from  air,  by  which  means  the 
mercury  was  expelled,  and  barium  obtained  in  a  pure  form. 

Barium,  thus  procured,  is  of  a  dark  gray  colour,  with  a  lustre  inferior  to 
cast  iron.  It  is  fiir  denser  than  water,  for  it  sinks  rapidly  in  strong  sulphu- 
ric acid.  It  attracts  oxygen  with  avidity  from  the  air,  and  in  doing  so 
yields  a  white  powder,  which  is  baryta.  It  effervesces  strongly,  from  the 
escape  of  hydrogen  gas,  when  thrown  into  water,  and  a  solution  of  baryta 
is  produced.  It  has  hitherto  been  obtained  in  very  minute  quantities,  and 
consequently  ita  properties  have  not  been  determined  with  precision. 

*  The  sulphate  of  lithia  may  be  decomposed  by  acetate  of  baryta,  and 
the  acetate  of  lithia  thus  obtained,  by  exposure  to  a  red  heat,  is  converted 
hito  the  carbonate.  The  carbonate  may  then  be  brought  to  the  state  of  a 
caustic  hydrate  by  the  action  of  Ume  in  the  usual  manner* — Ed, 
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The  eqoivaleiit  of  bajriom,  dedaoed  from  an  analjsu  of  the  chloride  bj 
Berzelias  and  myself,  u  €8.7.  The  compoeition  of  its  componnds  described 
in  this  section  is  as  follows  :— 


Bariam. 
Protoude   68.7     1  eq.+Oxygen  8 


Peroxide 

Chloride 

Iodide 

Bromide 

Fluoride 

Solphuret 

Cyumtet 


6a7 

68.7 
6a7 
68.7 
68.7 
68.7 
68.7 


1  eq.+ Ditto       16 
leq4-Chlorin.  35.43 
1  oq,4.IodJne  126.3 

1  cq.-f-B'^"^^"®'^^^ 
1  eq4-Flo'rine  18.68 
1  eq.4-Sulphnr  16.1 
1  eq.  ^.Cyano^.  26.39 


leq.: 
2eq.= 
leq.: 
leq.. 
leq. 
leq.: 
leq. 
leq.: 


Equiv. 
s  76.7 
=  84.7 
=104.12 
=195 
=147.1 
=  87.38 
=  84.8 
95.09 


SuiphcK^.eaT  W.+ j^if  ^:3:i=mi» 


Formule. 
Ba+O  or  6a. 

Ba+20or  lia. 
Ba+Cl  or  Bad 
Ba+I  or  Bal. 
Ba+Br  or  BaBr. 
Ba+F  or  BaF. 
Ba+Sor  BaS. 
Ba4-(C«N)orBaCr. 
S  Bi?+(CiN+2S.) 
)      orBa+CyS«. 

Pntaande  of  Barntm, — BaryUB^  or  Baryta^  so  called  from  the  great  den- 
nty  of  its  compoonds,  (from  i8«{vr,  heaTj,)  was  discoTered  in  the  year  1774 
by  Scheele.  It  is  the  sole  production  of  the  oxidation  of  barium  in  air  and 
water.  It  may  be  prepared  by  decomposing  nitrate  of  baryta  at  a  red  heat ; 
or  by  exposing  carbonate  of  bar^rta  contained  in  a  Uack-lead  crucible  to  an 
intense  white  heat,  a  process  which  succeeds  much  better  when  the  carbon- 
ate is  intimately  mixed  with  charcoal.  Baryta  is  a  my  powder,  the  specific 
gravity  of  which  is  aboot  4  It  requires  a  very  high  temperature  for  fusion. 
It  has  a  sharp  caustic  alkaline  taste,  converts  ve^^etable  blue  colours  to  green, 
and  neutralizes  the  strongest  acids.  Its  alkalinity,  therefore,  is  equally  dis> 
tinet  as  that  ot  potassa  or  soda ;  but  it  is  much  less  caustic  and  less  soluble 
in  water  than  those  alkaUee.  In  pure  alcohol  it  is  insoluble.  It  has  an  ex. 
ceedingly  strong  affinity  for  water.  When  mixed  with  that  liquid  it  slakes 
in  the  same  manner  as  quicklime,  but  with  the  evolution  of  a  more  intense 
heat,  which,  according  to  Dobereiner.  sometimes  amounts  to  luminousness. 
The  result  is  a  white  bulky  hydrate,  fusible  at  a  red  heat,  and  which  beam 
the  highest  temperature  of  a  smith's  forge  without  parting  with  its  water. 
It  is  composed  of  76.7  parts  or  one  equivalent  of  baryta,  and  9  parts  or  one 
equivalent  of  water. 

Hydrate  of  baryta  dissolves  in  three  times  its  weight  of  boiling  water,  and 
m  twenty  parts  of  water  at  the  temperature  of  60°  F.  (Davy.)  A  saturated 
solution  of  baryta  in  boiling  water  deposites,  in  cooling,  transparent,  flattened 
prismatic  crystals,  which  are  composed,  according  to  Dr.  Dalton,  of  76.7 
parts  or  one  equivalent  of  baryta,  and  180  parts  or  twenty  equivalents  of 
water. 

The  aqueous  solution  of  baryta  is  an  excellent  test  of  the  presence  of  ear- 
booie  acid  in  the  atmosphere  or  in  other  gaseous  mixtures.  The  carbonio 
acid  unites  with  the  baryta,  and  a  white  insoluble  precipitate,  carbonate  of 
baryta,  subsides. 

Baryta  is  distinguished  from  all  other  substances  by  the  foDowin^  cha* 
racters.  1.  By  dissolving  in  water  and  forming  an  alkaline  solution.  3.  By 
all  its  soluble  salts  being  precipitated  as  white  carbonate  of  baryta  by  aka- 
line  carbonates,  and  as  sulphate  of  bar3rta,  which  is  insoluble  both  in  acid 
and  alkaline  solutions,  by  sulphuric  acid  or  any  soluble  sulphate.  3.  By  the 
characters  of  chloride  of  barium,  formed  by  the  action  of  hydrochk>ric  acid 
on  baryta. 

The  readiest  method  of  preparing  the  soluble  salts  of  baryta  is  by  dissolv* 
ing  the  carbonate  in^  dilute  acid.  All  of  its  soluble  salts  are  poisonous ;  and 
the  carbonate,  from  being  dissolved  by  the  juices  of  the  stomach,  likewise 
acts  as  a  poison. 

The  sulphate,  from  its  insolubility,  is  inert. 

Psroxule  ^Berttcm^— This  oxide,  which  is  used  by  Tbenard  in  preparing 
peroxide  of  hydrogen,  may  be  formed  by  conducting  dry  oxygen  gas  over 
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pure  baryta  at  a  low  red  heat  A  still  eaaier  proeeia,  lately  given  by  WoUcr 
and  Liebig,  is  to  heat  pure  baryta  to  low  redness  in  a  platiniun  crucible,  and 
then  gradually  to  add  chlorate  of  potaasa  in  the  ratio  of  about  one  part  of 
the  latter  to  four  of  the  former.  The  oxygen  of  the  chlorate  goes  over  to 
the  baryta,  and  chloride  of  potassium  is  generated.  Cold  water  afterwards 
removes  tb6  chloride,  and  the  peroxide  of  barium  is  left  as  a  hydrate  with 
six  equivalents  of  water,  its  formula  being  Ba-f  6Aq. 

Chhride  of  Bsrtum. — It  is  generated  when  chlorine  gas  is  conducted  over 
baryta  at  a  red  heat,  oxygen  gas  being  disengaged ;  but  it  is  most  conve- 
niently prepared  by  dissolving  carbonate  of  baryta  in  hydrochloric  a<ad  di- 
luted  with  about  three  times  its  weight  of  water,  or  by  decomposing  a  solu- 
tion of  sulphuret  of  barium  with  hydrochloric  acid.  On  concentrating  its 
solution,  the  chloride  crystallizes  on  cooling  in  flat  four-sided  tables  bevelled 
at  the  edges,  very  like  crystals  of  heavy  spar.  These  crystals  consist  of 
104.12  parts  or  one  eq.  of  chloride  of  baridm,  and  18  parts  or  two  eq.  of 
water,  its  formula  being  BaC1.4.2Aq.  They  do  not  change  in  ordinary 
states  of  the  air  ;  but  in  a  •  very  dry  atmosphere  at  60^  they  lose  all  their 
water,  and  recdver  it  sgsin  in  a  moist  air.  They  are  still  more  rapidly 
rendered  anhydrous  at  212°,  and  fusion  ensues  at  a  full  red  heat  They 
are  insoluble  in  strong  alcohol :  100  parts  of  water  dissolve  43*5  at  60^,  and 
78  at  222°,  which  is  ue  boiling  point  of  the  solution. 

Jhdide  of  Barium, — ^This  compound  may  be  formed  in  the  same  way  as 
iodide  of  potassium.  It  is  very  soluble  in  water,  and  crystallizes  in  small 
odourless  needles,  which  deliquesce  slightly.  On  exposure  to  the  air  a  por- 
tion  of  carbonate  of  baryta  is  formed  and  iodine  set  fVee,  which  probably 
forms  a  periodide  of  barium. 

Bromide  of  Barium4 — It  was  prepared  by  M.  Henry,  jun^  who  has  exam- 
ined it,  by  boiling  protobroroide  of  iron  with  moist  carbonate  of  baryta  in 
excess,  evaporating  the  filtered  solution,  and  heating  the  residue  to  redness. 
The  product  crystallizes  by  careful  evaporation  in  white  rhombic  prisms, 
which  have  a  bitter  taste,  are  slightly  deliquescent,  and  are  soluble  in  water 
and  alcohol. 

FUuride  of  Barmrn. — On  digesting  recently  precipitated  and  moist  car- 
bonate  of  baryta  in  hydrofluoric  acid,  carbonic  acid  is  expelled,  and  fluoride 
of  barium  collects  in  the  form  of  a  white  powder,  which  bears  a  red  heat 
without  decomposition.  It  is  sparingly  soluble  in  water,  and  by  evaporation 
separates  in  crystalline  grains.    It  is  soluble  in  nitric  and  hydrochloric 


Sulphurei  of  Barium, — ^This  compound  may  be  formed  by  transmitting 
dry  hydroeulphuric  acid  gas  over  pure  baryta  at  a  red  heat ;  and  bv  the  ac- 
tion  of  hydrogen  gas  or  charcoal  on  sulphate  of  barjrta  (page  238.)  The 
eifsiest  process  is  to  mix  sulphate  of  baryta  in  fine  powder  into  a  paste  with 
an  equal  volume  of  flour,  place  it  in  a  Hessian  crucible  on  which  a  cover  is 
luted,  and  expose  it  to  a  white  heat  for  an  hour  or  two,  raising  the  tempera- 
ture slowly.  On  pouring  hot  water  on  the  ijoroitcd  mass,  the  sulphuret  of 
barium  is  dissolved,  and  may  be  separated  from  undecomposed  sulphate 
and  excess  of  charcoal  b^  filtration. 

Protosulpburet  of  barium  is  very  soluble  in  hot  water,  and  the  solution  if 
saturated  deposites  colourless  crystals  on  cooling,  which  are  sulphuret  of 
barium  with  water  of  crystallization.  The  solution  has  a  sulphurous  odour, 
and  absorbs  oxygen  and  carbonic  acid  from  tlie  air,  yielding  carbonate 
and  hyposulphite  of  baryta.  Boiled  with  sulphur  it  yields  a  yellow  solution, 
and  contains  a  persulphuret  of  barium. 

Sulphuret  of  barium  supplies  a  ready  mode  of  obtaining  pure  baryta  and 
ite  salts,  when  the  carbonate  cannot  be  obtained.  Thus  ita  solution,  boiled 
with  black  oxide  of  copper  until  it  ceases  to  precipitate  a  salt  of  lead  black, 
yields  pure  baryta,  which  should  be  filtered  while  hot  to  separate  the  sul- 
phuret of  copper :  it  is  apt  to  retain  traces  of  oxide  of  copper.  With  a  solu- 
tion of  carbonate  of  potessa,  carbonate  of  baryta  falls,  and  sulphuret  of  potaa- 
stum  remains  in  solution ;  and  with  hydrochloric<  acid  it  interchanges  ele- 
ments, by  which  hydrosulphuric  acid  and  chloride  of  barium  are  formed. 
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Cfanuret  of  Barmm.— It  u  formed  by  the  action  of  hydrocyanic  acid  oo 
baryta,  or  by  beating'  ferrocyanuret  of  barium  aa  in  preparing  cyannret  of 
potassium  (page  300).  It  is  but  slightly  soluble  in  water,  has  an  alkatiiia 
Reaction,  and  is  decomposed  by  Uio  carbraiic  acid  of  the  air. 

SuipkBeyanuret  tf  Bmrium  is  obtained  in  the  same  way  as  the  sidphocya- 
nuret  of  potassium.  It  is  Tcry  soluble  in  water,  crystalliaes  in  hriUiaiit 
needles,  and  is  slightly  deliquescent 


SECTION  V. 

STRONTIUM. 

Dayy  discovered  the  metallic  base  <yf  strontia,  called  Btrtmthtmy  by  a  pro* 
cess  analogous  to  that  described  in  tlie  last  section.  All  that  is  known  re- 
specting ita  properties  is,  that  it  is  a  heavy  metal,  similar  in  appearance  to 
barium,  that  it  decomposes  water  with  evolution  of  hydrogen  gas,  and  on* 
dixes  quickly  in  the  air,  being  converted  in  both  cases  into  strontia^  which  is 
the  protoxide  of  the  metal 

The  equivalent  of  strontium,  deduced  from  the  experimenta  of  Stromeyer, 
is  43.8.  The  composition  of  ita  several  oompoonds  described  in  this  seotioa 
is  as  ftUows : — 

Strontium.  Equiv.  Formule. 

1  eq4-Qxygen      8  1  eq.=:  51.8    Sr+O  or  Sr. 

leq.+    do.  16  8eq«59.$    Sr+20or&.    ^ 

1  eq.+CfaIorine  35.43  1  eq«s  79^  Sr+Cl  or  SrCL 

leq.+Iodine    126.3  1  eq.»  170.1    Sr+IorSrI. 

1  eq.+Fluorine  laOS  1  eq.»  62.48  8r-4«For  Si^. 

1  eq.+Sulphur  16a  1  eq.a  S^3    Sr+S  or  SrS. 

Preioxide  of  Strontium, — From  the  close  resemblance  between  baryta 
and  strontia,  these  substances  were  once  supposed  to  be  identical.  Ut. 
Crawford,  however,  and  M.  Sulzer  noticed  a  difference  between  them ;  but 
the  existence  of  strontia  was  first  established  with  certainty  in  the  year 
1799  by  Dr.  Hope,*  and  the  discovery  was  made  about  the  same  time  by 
KIaproth.f  It  was  originally  extracted  from  strontianite,  native  carbonate 
of  strontia,  a  mineral  found  at  Strontian  in  Scotland;  and  hence  the  origin 
of  the  term  stroniUes  or  wtrtmtia,  bv  which  the  earth  itself  is  designated. 

Pure  strontia  may  be  prepared  n-om  nitrate  and  carbonate  of  strontia,  in 
the  same  manner  as  baryta.  It  resembles  this  earth  in  appearance,  in 
infosibility,  and  in  possessing  distinct  alkaline  properties.  It  slakes  when 
mixed  with  water,  causing  intense  heat,  and  forming  a  white  solid  hydrate, 
which  consisto  of  51.8  parte  or  one  equivalent  of  strontia,  and  9  parte  or  one 
equivalent  of  water.  Hydrate  of  strontia  fuses  readily  at  a  red  heat,  but 
sustains  the  strongest  heat  of  a  wind  furnace  without  decomposition.  It  is 
insoluble  in  alcohol.  Boiling  water  dissolves  it  freely,  and  a  hot  saturated 
solution,  on  cooling,  depoMtes  transparent  crystals  in  the  form  of  thin 
quadrangular  tables,  which  consist  of  one  eq.  of  strontia  and  twelve  eq. 
of  water.  They  are  converted  by  heat  into  the  protohydrate.  *Thev  require 
fifly  times  their  weight  of  water  al  60°  for  solution,  and  twice  their  weight 
atSlSoR  (Dalton.) 

The  solution  of  strontia  hss  a  caustic  taste  and  alkaline  reaction.  Like 
the  solution  of  baryta  it  is  a  delicate  test  of  the  presence  of  carbonic  acid  in 
air  or  other  gaseous  mixtures,  fbrming  with  it  the  insoluble  carbonate  of 
strontia. 

*  Edin.  Philos.  Trans,  iv.  3.  t  KUproth's  Contributions,  I 
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The  salts  of  strontia  are  best  prepared  from  the  native  carbonate.  Like 
those  of  baryta,  they  are  procipitated  by  alkaline  carbonates,  and  by  sul- 
phuric acid  or  soluble  solphates.  But  sulphate  of  strontia  is  less  insoluble 
than  sulphate  of  baryta :  on  adding  sulphate  of  soda  in  excess  to  a  barytic 
eolation,  baryta  cannot  afterwards  be  found  in  the  liquid  by  any  precipitant; 
but  when  strontia  is  thus  treated,  so  much  sulphate  of  strontia  remains  in 
solution,  that  the  filtered  liquid  yields  a  white  precipitate  with  carbonate  of 
soda.  The  salts  of  strontia  are  nut  poisonous ;  and  most  of  them,  when 
heated  on  platinum  wire  before  the  blowpipe,  communicate  to  the  flame  a 
red  tint 

Peroxide  ef  Stnmtium  is  prepared  in  the  same  way  as  peroxide  of  bariom, 
and  like  it,  is  resolved  by  dilute  acids  into  baryta  and  oxygen,  the  latter  of 
which  forms  peroxide  of  hydro^n  with  the  water. 

Chloride  ef  Strontium, — ^This  compound  is  formed  by  processes  simUar 
to  those  for  preparing-  chloride  of  barium,  and  crystallizes  from  its  solution 
in  colourless  prismatic  crystals,  which  deliquesce  in  a  moist  atmosphere, 
require  only  twice  their  weight  of  water  at  60°  for  solution,  and  still  less  of 
bouing  water,  and  are  soluble  in  alcohol.  The  aloohcdic  sc^ution,  when  set 
on  fire,  bums  with  a  red  flame.  These  characters  afford  a  certain  mode  of 
distinguishing  strontia  from  baryta.  The  crystab  consist  of  79J23  parts  or 
one  eq.  of  chloride  of  strontium,  and  81  parts  or  nine  eq.  of  water,  which 
are  expelled  by  heat  The  anhydrous  chloride  fuses  at  a  red  heat,  and 
yields  a  white  crystalline  brittle  mass  on  cooling. 

Iodide  of  Strontium  may  be  prepared  in  the  same  manner  as  that  of 
barium.  It  is  very  soluble  in  water,  and  fuses  without  decomposiUon  in 
close  vessels ;  but  when  heated  to  redness  in  the  open  air,  iodine  escapes, 
and  strontia  is  generated. 

Fluoride  of  Strontium  is  obtained  in  the  same  way  as  fluoride  of  bariom, 
and  Is  a  white  powder  of  sparing  solubility. 

Protoeulphuret  of  Strontium  is  similar  in  its  properties  and  mode  of 
preparation  to  sulphnret  of  barium,  and  may  be  applied  to  similar  uses. 
Strontium  also  combines  with  more  than  one  equivalent  of  sulphufi  but 
these  oompoonds  have  not  been  examined. 


SECTION  VI. 

CALCIUM. 

The  existence  of  calcium,  the  metallic  base  of  lime,  was  demonstrated  by 
Sir  H.  Davy  by  a  process  similar  to  that  described  in  the  section  on  barium. 
It  is  of  a  whiter  colour  than  barium  or  strontium,  and  is  converted  into 
lime  by  being  oxidized.     Its  other  properties  are  unknown. 

According  to  the  analysis  of  chloride  of  calcium  by  Berzelius,  the  equiva- 
lent of  calcmm  is  20.5.  Its  compounds  described  in  this  section  are  com- 
posed as  follows : — 

Calcium.  Equiv.  Formole. 

Protoxide  .  30.5  1  eq.+Oxygen  8  1  eq.s  28.5  Ca+0  or  Ca. 
Peroxide  .  30.5  1  eq.+  do.  16  Seq.=  36.5  Ca-f20or&. 
Chloride  .    20  5  I  eq.+Chlorine  35.42  1  eq.s  55.92  Cr+CI  or  CaCl. 

Iodide     .        .    20.5  leq.+Iodine    136.3    leq.»  146.8     Ca+I  or  CaL 
Bromide         «    20.5  1  eq.+ Bromine  78.4    leq.s=  98.9    Ca+Br  orCaBr. 
Fluoride         .    20.5  1  eq.-f  Fluorine  ia68  leq.a  39.18  Ca+For  CaF. 
Sulphuret       .    30.5  1  eq.+Sulphur  16.1     1  eq.»  36.6     Ca+S  or  CaS. 
Bisulphuret    .    30i»  1 9q.+     do.       32.2    2eq.«  53.7    Ca+2SorCaS9. 
Quintosulphuret  20.5  1  oq.-f     do.       80.5    5eq.sl01        Ca4-5S  or  CaSs. 
Phosphuret         30.5  1  eq.+Phosph.   15.7    leq.«  36.2     Ca+F  or  CaP. 

Sn^g  *  i  Lime  28.5  1  eq.+Chlorine  35.42  1  eq.=  63.92  Ci+Cl  or  tkCL 
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Protoxide  €f  CnZetum.^— This  compoand,  comiDonly  known  by  the  name 
of  lime  and  quieklime,  is  obtained  by  ezpoeinj|r  carbonate  of  lime  to  a  atronff 
red  heat,  so  as  to  expel  its  carbonic  acid.  If  lime  of  great  purity  is  reqaired^ 
it  should  be  prepared'  from  pure  carbonate  of  lime,  sueh  as  Iceland  spar 
or  Carrara  marble ;  but  in  burning  lime  in  lime-kilns  for  making  mortar, 
common  limestone  is  employed.  The  expulsion  of  carbonic  acid  is  fiicill^ 
tated  by  mixin^r  the  carbonate  with  combustible  substances,  in  which  case 
carbonic  oxide  is  generated.  (Page  190.) 

Lime  is  a  brittle  white  earthy  solid,  the  specific  gravity  of  which  is  about 
2.3.  It  phosphoresces  powerfully  .when  heated  to  fbll  redness,  a  property 
which  it  possesses  in  common  with  strontia  and  baryta.  It  is  one  of  the 
moet  infusible  bodies  known ;  fusing  with  difficulty,  even  by  the  heat  of  the 
eocy.hydrogen  blowpipe.  It  has  a  powerful  affinity  for  water,  and  the  com- 
binalion  is  attended  with  great  increase  of  temperature,  and  formation  of  a 
white  bulky  hydrate,  which  is  composed  of  28.5  parts  or  one  equivalent  of 
lime,  and  9  parts  or  one  equivalent  of  water.  The  process  of  slaking  lime 
consists  in  forming  this  hydrate,  and  the  hydrate  itself  is  called  slak^  lime. 
It  differs  from  the  hydrates  of  strontia  and  baryta  in  parting  with  its  water 
at  a  red  heat 

Hydrate  of  lime  is  dissolved  very  sparin^rly  by  water,  and  it  is  a  singular 
fiu*t,  first  noticed  I  believe  by  Dalton,  that  it  is  more  soluble  in  cold  than  in 
hot  water.    Thus  he  found  that  one  grain  of  lime  requires  for  solution  , 


778  grains  of  water 

, 

.    at    60°  F. 

972             do. 

, 

130 

1270             do. 

, 

212 

And,  consequently,  on  heating  a  solution  of  lime,  or  Kme.iDoler,  which  has 
been  prepared  in  the  cold,  deposition  of  lime  ensues.  This  fact  was  deter- 
mined experimentally  by  Mr.  Phillips,  who  has  likewise  observed  that  wa^r 
at  32°  is  capable  of  dissolving  twice  as  much  lime  as  at  212^  F.  Owing  to 
this  circumstance,  pure  lime  cannot  be  made  to  crystallize  in  the  same  man- 
ner as  baryta  or  strontia;  but  Gay-Lussac  succeeded  in  obtaining  crystals 
cf  lime  by  evaporatins^  lime-water  under  the  exhausted  receiver  of  an  air- 
pump  by  means  of  sulphuric  acid.  Small  transparent  crystals,  in  the  form 
of  r^ular  hexahedrons,  were  deposited,  which  consist  of  water  and  lime  in 
the  same  proportion  as  in  the  hydrate  above  mentioned. 

Lime-water  is  prepared  by  mixing  hydrate  of  lime  with  water,  agitating 
the  mixture  repeatedly,  and  then  setting  it  aside  in  a  weU-stopped  bottle 
until  the  undissolved  parts  shall  have  subsided.  The  substance  called 
mUk  or  cream  of  lime  is  made  by  mixing  hydrate  of  lime  with  a  sufficient 
quantity  of  water  to  give  it  the  liquid  form ; — it  is  merely  lime-water  in 
which  hydrate  of  lime  is  mechanically  suspended. 

Lime-water  has  a  harsh  acrid  taste,  and  converts  vegetable  blue  colours 
to  green. — It  agrees,  therefbre,  with  baryta  and  strontia  in  possessing  dis- 
tinct alkaline  properties.  £i1te  the  solutions  of  these  earths,  it  has  a  strong 
affinity  fi>r  carbonic  acid,  aiitl' forms  with  it  an  insoluble  carbonate.  On  this 
account  lime-water  should  be  carefully  protected  from  the  air.  For  the  same 
reason,  lime-water  is  rendered  turbid  by  a  solution  of  carbonic  acid ;  but  on 
adding  a  large  quantity  of  the  acid,  the  transparency  of  the  solution  is  com- 
pletely restored,  because  cai^bonate  of  lime  is  soluble  in  an  excess  of  carbonic 
acid.  The  action  of  this  acid  on  the  solutions  of  baryta  and  strontia  is  pre- 
cisely similar. 

Tlic  salts  of  lime,  which  are  easily  prepared*  by  the  action  of  acids  on 
pure  marble,  are  in  many  respects  similarly  afi^ted  by  reagents,  as  those  of 
iNiryta  and  strontia.  They  are  precipitated,  for  example,  by  alkaline  car- 
bonates. Sulphuric  acid  and  soluble  sulphates  likewise  precipitate^  lime 
from  a  moderately  strong  solution.  But  sulphate  of  Kme  has  a  considera- 
ble degree  of  solubility.  Thus,  a  dilute  solution  of  a  salt  of  lime  is  not 
precipitated  at  all  by  sulphuric  acid ;  and  i^en  the  sulphate  of  lime  is  sepa- 
rated, it  may  be  redissolved  by  the  addition  of  nitric  acid. 
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TIm  molt  delusato  tMt  of  the  preienoe  of  lime  U  oxalate  of  ammonia  or 
potaiaa;  for  of  all  the  aalts  of  lime,  the  oxalate  ia  the  most  inaoIaUe  in 
water.  Thia  aenrea  to  diatin|^ish  lime  from  moat  aubatancea,  thooifh  not 
from  baryta  and  atrontia;  becauae  the  oxalatea  of  baryta  and  atrontia,  capo. 
oiaUv  tho  latter,  are  likewiae  aparingly  aolable.  All  theae  oxalatea  diaaalfe 
readily  in  water  acidulated  with  nitric  or  hydrochloric  acid.  It  ia  diatin. 
gniahed  from  baryta  and  atrontia  by  the  met,  that  nitrate  of  lime  yiMt 
priamatic  crvatala  by  evaporation,  ia  del 


^ ^        ,  qoeaoent  in  a  high  dejrree,  and  veiy 

aolttble  in  aioohol ; 'while  the  nitratea  of  barvU  and  atrontia  cryathlliae  m 
regular  octohedrona  or  aegmenta  of  the  octohedron,  undergo  no  change  on 
expoaure  to  the  air,  mcoept  when  it  ia  very  moiat,  and  do  not  diaeolve  in 
pure  alcohol 

The  aalta  of  lime,  when  heated  before  the  blowpipe,  or  when  their  aoln- 
tkma  in  alcohol  are  aet  on  fire,  communicate  to  the  flame  a  doll  hrowniali.red 
odour. 

Penxide  of  Caldum. — ^Thia  oxide  ia  prepared  in  the  aame  way  aa  per* 
oxide  of  barium,  and  ia  umilar  to  it  in  ita  propertiea. 

CUoHde  0/  CoicuMi^-— Thia  compound  exiata  in  aea-waier  and  in  many 
aaline  apringa,  ia  the  reaidue  of  the  proccaa  for  preparing  ammonia,  and  ia 
readily  formed  by  diaaolving  marble  or  chalk  in  hydrochloric  acid.  On  eva- 
poratmg  ita  aolution  to  the  conaiitenoe  of  a  ayrup,  the  chloride  cryatalliaea 
on  eookng  in  irregular,  oolourleaa  priamatic  cryatala,  which  conaiat  of  55J92 
parte  or  one  eq.  ofchloride  of  calcium,  and  54  parte  or  aix  eq.  of  water.  By 
heat  it  loaea  ita  water,  and  at  a  gentle  red  heat  fuaea ;  but  on  expoaure  to  tli» 
air  it  rapidly  recovera  iti  water  of  cr^atallixation  and  then  deliqoeaoea. 
Owing  to  iti  atrong  aflSnity  for  water,  it  ia  much  uaed  for  frigorinc  mi^ 
torea  with  anow ;  but  for  thia  purpoae  the  hydroua  chloride  is  preferable,  aa 
prepared  by  evaporating  ita  aolution  ao  for  that  the  whole  becomea  a  aolid 
maaa  on  removal  from  the  fire,  reducing  it  when  cold  quickly  to  powder, 
and  preaerving  it  in  bottlea  cloaed  with  great  care.  Chloride  of  caleinm  ia 
verr  aoluble  in  alcohol,  and  forma  witli  it  a  definite  compound. 

Miide  of  Caleiiimw-*Thia  compound  may  be  prepared  by  digeating  hy* 
drate  of  lime  with  protiodide  of  iron.  It  ia  deliqueacent  and  very  aoluble  m 
water,  auataina  a  red  heat  unchanged  in  doae  veaaela,  but  when  heated  in 
the  open  air,  ita  iodine  ia  replaced  by  oxygen,  and  lime  remaina.  The  eola- 
tion of  iodide  of  calcium  diaaolvea  a  large  quantity  of  iodine,  and  on  evapo- 
rating the  brown  aolution  in  vacuo  alwve  a  veaael  with  dr^  carbonate  of 
potaaaa,  a  periodide  of  calcium  cryatallizea  in  large  black  priama  of  a  me- 
tallic luatre. 

Bromide  of  CaUmm, — It  waa  prepared  by  M.  Henry  by  digeating  hjrdrate 
of  lime  with  a  aolution  of  protobromide  of  iron,  and  cr  vatalliaea  in  amcolar 
myatala  which  are  very  deliqueacent,  and  extremely  aoluble  in  aioohol  and 
water.  It  ia  very  anab^goua  in  taate  and  propertiea  to  chloride  of  calcium, 
friaea  by  heat,  but  in  open  veaaela  aufiera  partial  decompoaition. 

Fluoride  of  Caleium, — ^Tbia  is  a  natural  product,  which  frequently  ae- 
oompaniea  metallic  ores,  especially  thoae  of  lead  and  tin,  oAen  oocura  in 
cubic  (vyatalB,  and  ia  well  known  under  the  name  ot  fluor  or  DethfMro 
y^T,  The  cryatala  found  in  the  lead  minea  of  Derbyahire  are  remarkable 
for  the  largeneaa  of  their  aize,  the  regularity  of  tlM^  form,  and  the  variety 
and  beauty  of  their  ooloura.  It  may  be  prepared  artificially  by  digeatiug 
moiat,  recently  precipitated,  carbonate  of  hme  in  an  exceaa  of  hydrofluoric 
acid ;  or  by  mixing  a  aolution  of  chloride  of  calcium  with  fluoride  of  po. 
taaalnm  or  aodium.  Ai  prepared  in  the  latter  mode,  it  ia  a  bulky  gelatinona 
maaa,  which  it  ia  ^ory  difficult  to  waab  ;  whereaa  the  former  meUiod  givea 
it  in  the  atate  of  a  granular  white  powder,  which  may  be  waahed  with  eaaew 

Fluoride  of  calcium  fniea  at  a  red  heat  without  fiulher  change.  It  ia 
inaduble  in  water,  aligbtly  aoluble  in  hot  diluted  hydrochloric  acid,  and  ia  de- 
oompooed  by  aulphuric  acid  aided  by  gentle  heat  (page  238).  It  ia  in  a  email 
degree  decompoeed  by  boiling  nitric  acid.  FuMd  with  carbonate  of  po- 
taaaa, carbonate  of  Ume  and  fluoride  of  potaaaium  are  generated. 
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Flaor  tptr  l»  niudi  voted  in  ibrinia|r  vaM0,  as  a  flux  in  mctallargie  pro. 
rnnnrn,  and  in  the  preparation  of  hydroflaoric  acid. 

ProiMulphuret  of  Calcium, — ^Thu  compound  may  be  prepared  by  reduc. 
tion  from  the  sulphate  by  hydrogen  or  charcoal,  and  when  pare  is  white 
with  a  reddish  tint,  and  is  very  sparingly  soluble  in  water.  It  has  the  pro- 
perty, in  common  with  sulphuret  of  barium,  of  being  phosphorescent  after 
exposure  to  light,  and  appears  to  be  the  essential  ingredient  of  Canton*s 
phosphorus  (page  69). 

When  3  parts  of  slaked  lime,  1  of  sulphur,  and  20  of  water,  are  boiled 
together  for  an  hour,  and  the  solution,  without  acparation  from  the  sedi- 
ment, is  set  aside  in  a  corked  flask  for  a  few  days,  a  copions  deposite  of 
orange-coloured  crystals  is  deposited,  which,  when  slowly  formed,  are  flat 
quadrilateral  prisms.  These,  from  the  analysis  of  Herschel,  appear  to  be 
bUndphurel  of  calcium  with  three  eq.  of  water.  They  are  decomposed  by 
exposure  to  Uie  air,  and  are  of  sparing  solubility  in  water. 

When  either  of  the  foregoing  sulphurets  is  boiled  in  water  alon^  with 
sulphur,  a  yellow  solution  is  formed  containing  calcium  combined  with  Ave 
equivalents  of  sulphur. 

Photpkuret  of  Caicium.^'li  is  formed  by  passing  the  vapour  of  phospho- 
rus over  fragments  of  quicklime  at  a  low  red  heat;  when  a  brown  matter* 
is  formed,  consisting  of  phosphate   of  lime  and  phosphuret  of  calcium 
When  put  into  water,  mutual  decomposition  ensues,  and  phoephuretted  hy 
drcM^en,  hypophosphorous  acid,  and  phosphoric  acid  are  generated. 

V/Uoride  of  lAme. — This  compound,  commonly  called  oxymuriate  of  lime, 
or  Heaching  potoder^  is  prepared  by  exposing  thin  strata  of  recently  slaJied 
Ume,  in  fine  powder,  to  an  atmosphere  of  dilorine.  The  gas  is  absorbed 
in  large  quantity,  and  combines  directly  with  the  lime. 

Chloride  of  lime  is  a  dry  white  powder,  which  smells  faintly  of  chlorine, 
and  has  a  strong  taste.  It  dissolves  partially  in  water,  and  the  solution  pos- 
sesses powerful  bleaching  properties,  and  contains  both  chlorine  and  lime  ; 
while  the  undissolved  portion  is  hydrate  of  lime,  retaining  a  small  quantit/ 
of  chlorine.  The  aqueous  solution,  when  exposed  to  the  atmosphere,  is  gra- 
idually  decomposed ;  chlorine  is  set  free,  and  carbonate  of  lime  generated. 
On  boiling  the  liquid,  chloride  of  calcium,  and,  I  presume,  chlorate  of  lime 
are  formed ;  and  by  long  keeping,  the  dry  chloride  appdars  to  undergo  a 
similar  change,  at  feast  chloride  of  calcium  is  produced  in  large  quantity. 
Chloride  of  lime  is  also  decomposed  by  a  strong  heat :  at  first,  chlorine  is 
evolved ;  but  pure  oxygen  is  ailerwards  disengaged,  and  chloride  of  cal- 
cium remains  in  the  retort 

The  composition  of  chlorido  of  lime  was  first  carefully  investigated  by 
Dalton,*  and  it  has  since  been  analyzed  by  Thomson,t  Welter,t  and  XJre.§ 
The  three  first  mentioned  chemists  infer  from  their  researches  that  bleach- 
ing powder  is  a  hydrated  suhcfdoride  or  diehloride  of  lime,  in  which  one 
equivalent  of  chlorine  is  united  with  two  equivalents  of  lime.  They  are 
also  of  opinion,  that  on  mixing  this  diehloride  with  water,  the  chloride  is 
dissolved,  and  one  equivalent  of  lime  sepnrated  as  an  insoluble  powder. 
Dr.  Ure,  on  the  contrary,  denies  that  bleaching  powder  is  a  diehloride,  and 
maintains  that  the  elements  of  this  powder  do  not  constitute  a  regular 
atomic  combination.  He  found  that  the  quantity  of  chlorine  absorbed  by 
hydrate  of  lime  is  variable,  depending  not  only  on  the  pressure  and  degree 
of  exposure,  but  on  the  quantity  of  water  present  From  these  experiments 
it  appears  that  the  commercial  bleaching  powder  is  essentially  a  chloride 
with  single  equivalents  of  its  elements,  but  mixed  with  variable  quantities 
of  hydrate  of  lime. 

Several  methods  have  been  proposed  for  estimating  the  value  of  dificrent 
specimens  of  chloride  of  lime,  rerhaps  the  most  convenient  for  the  artist 
is  that  of  Welter,  which  consists  in  ascertaining  the  power  of  the  bleaching 

*  Annals  of  Philosophy,  i.  15,  and  ii.  6.        t  Ibid.  xv.  401. 
X  An.  de  Ch.  et  de  Ph.  vol.  viii.  §  Quarterly  Journal,  xiii.  1. 
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liquid  to  deprive  a  Bolution  of  indi^  of  kDown  strength  of  its  ooloar ;  end 
directions  have  been  drawn  up  b/  Gay-Lossac  for  enabling  manaftcturerv 
to  employ  this  method  with  accaracy.  (Annals  of  Philosophy,  zxiv.  21&) 
For  analytical  purposes,  the  best  method  is  to  decompose  chloride  of  lime, 
confined  in  a  glass  tube  over  mercury,  by  means  of  hydrochloric  acid. 
Chloride  of  calcium  is  generated,  and  Uie  chlorine  being  set  free,  its  quaii^ 
tity  may  easily  he  measured. 


SECTION  VII. 

MAGNESIUM. 

Thk  galvanic  researches  of  Sir  H.  Davy  demonstrated  the  existence  of* 
magnesium,  though  he  obtained  it  in  a  quantity  too  minute  for  determining^ 
its  properties.  It  was  prepared  by  M.  Bussy  in  the  year  1830  by  the  ac- 
tion of  potassium  on  chloride  of  magnesium.  For  this  purpose  five  or  six 
pieces  of  potassium,  of  the  size  of  peas,  were  introduced  into  a  glass  tube^ 
the  scaled  extremity  of  which  was  bent  into  the  form  of  a  retort,  and  upon 
the  potassium  were  laid  fragments  of  chloride  of  magnesium.  The  latter 
being  then  heated  to  near  its  point  of  fusion,  a  lamp  was  applied  to  the 
potassium,  and  lis  vapour  transmitted  through  the  mass  of  heated  chloride. 
Vivid  incandescence  immediately  took  place,  and  on  putting  the  mass,  afler 
cooling,  into  water,  the  chloride  of  potassium  with  undecomposed  chloride 
of  magnesium  was  dissolved,  and  metallic  magnesium  subsided.  These 
results  have  been  since  confirmed  by  Licbig.  (An.  de  Ch.  et  de  Ph.  zlvi. 
435.) 

Magnesium  has  a  brilliant  metallic  lustre,  and  a  white  colour  like  silver, 
is  very  malleable,  and  fuses  at  a  red  heat  Moist  air  oxidizes  it  superfi. 
cially ;  but  it  undergoes  no  change  in  a  dry  air,  and  may  be  boiled  in  water 
without  oxidation.  Heated  to  redness  in  air  or  oxygen  gas,  it  bums  with 
brilliancy,  yielding  magnesia ;  and  it  inflames  spontaneously  in  chlorine  gas. 
It  is  readily  dissolved  by  dilute  acids  with  disengagement  of  hydrogen,  and 
the  solution  is  found  to  contain  a  pure  salt  of  magnesia. 

The  equivalent  of  magnesium,  inferred  by  Bcrzelius  from  the  quantity  of 
sulphate  obtained  from  a  known  weight  of  pu  e  magnesia,  is  12.7.  Its  com. 
pounds  described  in  this  section  are  composed  as  follows : — 

Magnesium.  Equiv.         Formulfis. 

Protoxide    12.7     1  eq.+Oxygen        8  1  eq.=  20.7  Mg+0  or  Mg. 

Chloride      12.7     leq.+ Chlorine  35.42  1  eq.=  48.12  Mg+ClorMga. 

Iodide  12.7     1  eq.+Iodine     126.3  1  eq.=139  Mg-f-I  or  Mgf. 

Bromide      12.7     1  eq.-f- Bromine  78.4  1  eq.=;  91.1  Mg+BrorMgBr. 

Fluoride      12.7    1  eq.-f- Fluorine  18.68  1  eq.=  31.38  Mg+MiF  o  gF. 

Pmioxide  of  Magnesium, — This,  the  only  known  oxide  of  magnesium, 
commonly  known  by  the  name  of  magnesia,  is  best  obtained  by  exposing 
carbonate  of  majo^nesia  to  a  very  strong  red  heat,  by  which  its  carbonic  acid 
is  expelled.  It  is  a  white  friable  powder,  of  an  earthy  appearance ;  and, 
when  pure,  it  has  neither  taste  nor  odour.  Its  s])ecif]c  gravity  is  about  2.3, 
and  it  is  exceedingly  infusible.  It  has  a  weaker  affinity  Uian  lime  for  water ; 
for  though  it  forms  a  hydrate  when  moistened,  the  combination  is  effected 
witli  hardly  any  disengagement  of  caloric,  and  the  product  is  readily  decom- 
posed by  a  red  heat  There  probably  exist  several  different  compounds  of 
water  and  magnesia,  but  the  native  hydrate  is  the  only  one  known  with  cer- 
tainty. According  to  the  analysis  of  Stromeyer,  this  hydrate  contains  one 
equivalent  of  each  of  its  constituents;  and  the  results  of  the  analysis  of  Ber- 
zelius  and  Dr.  Fyie  accord  very  nearly  with  this  proportion. 
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Magnesia  dinolvee  yery  sparingly  in  water.  According  to  Dr.  Fyie,  it 
requires  5143  times  its  weight  of  water  at  60°,  and  36,000  of  boiling  water 
for  solution.  The  resulting  liquid  does  not  change  the  colour  of  violets ; 
bat  when  pure  magnesia  is  put  upon  moistened  turmeric  paper,  it  causes  a 
brown  stain.  From  this  there  is  no  doubt  that  the  inaction  o€  magnesia 
with  respect  to  vegetable  colours,  when  tried  in  the  ordinary  mode,  is  ttvring 
to  its  insolubility.  It  possesses  the  still  more  essential  character  of  akaMnity, 
that,  namely,  of  forming  neutral  salts  with  acids  in  an  eminent  degree. 
It  absorbs  both  water  and  carbonic  acid  when  exposed  to  the  atmosphere, 
and,  therefore,  should  be  kept  in  well-closed  phials. 

Magnesia  is  characterized  by  the  following  properties.  With  nitric  and 
hydrochloric  acids  it  forms  salts  which  are  w>luble  in  alcohol,  and  exceed- 
ingly deliquescent  The  sulphate  of  magnesia  is  very  soluble  in  water,  a 
circumstance  by  which  it  is  distinguished  from  the  other  alkaline  earths. 
Magnesia  is  preoipitated  from  its  salts  as  a  bulk^  hydrate  by  the  pure  alkap 
lies.  It  is  precipitated  as  carbonate  of  magnesia  by  the  carbonates  of  po- 
tassa  and  soda.;  but  the  bicarbonates  and  the  common  carbonate  of  ammonia 
do  not  precipitate  it  in  the  cold.  If  moderately  diluted,  the  salte  of  magnesia 
are  not  precipitated  by  oxalate  of  ammonia.  By  means  of  this  reagent  mag- 
^lesia  may  be  bolth  distinguished  and  separated  from  lime. 

Chloride. — This  compound  may  be  prepared  by  transmitting  drjr  chlorine 
-gas  over  a  mixture  of  magrnesia  and  charcoal  at  a  red  heat ;  but  Liebig  has 
giyen  an  easier  process,  wnich  oonsiste  in  dissolving  magnesia  in  hydrochlo- 
ric acid,  evaporating  to  dryness,  mixing  the  residue  wiUi  ite  own  weight  of 
faydrocblorato  of  ammonia,  and  projecting  tlie  mixture  in  successive  portions 
into  a  platinum  crucible  at  a  red  best  As  «oob  as  the  ammoniacal  salt  is 
wholly  expelled,  the  fused  chloride  of  magnesium  is  left -in  a  state  of  tranquil 
fiision,  and  on  cooling  becomes  a  transparent  colourless  mass,  which  is  highly 
deliquescent,  and  is  very  soluble  in  alcohol  and  water. 

hdide  cf  Ma^netium  is  obuined  by  dissolving  magnesia  in  hydriodic  acid, 
is  very  soluble  m  water,  and  is  only  known  in  solution. 

JBromide  of  Mafrneoium,  obtained  by  dissolving  magnesia  in  hydrobromie 
acid,  crystallizes  in  small  acicular  prisms,  which  have  a  sharp  taste,  are  de- 
liquescent, and  very  soluble  in  water  and  alcohol  It  is  decomposed  by  a 
strong  heaL 

Fluoride  of  Maffnetinm  is  prepared  by  digesting  magnesia  in  hydrofluoric 
acid  in  excess.  It  is  insoluble  in  water  and  in  excess  of  hydrofluoric  acid« 
and  bears  a  red  heat  without  decomposition. 
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METALLIC  BASES  6F  THE  EARTHS. 

SECTION  VIII. 

ALUMINIUM. 

That  alumina  is  an  oxidized  body  was  proved  by  Sir  H.  Davy,  who  found 
that  potassa  is  generated  when  the  vapour  of  potassium  is  brought  into  con- 
tact with  pore  alumina  heated  to  whiteness;  and  it  was  inferred,  chiefly  by 
analogical  reasoning,  to  be  a  metallic  oxide.  The  propriety  of  this  inference 
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has  been  demonstrated  by  Wohler,  igho  haa  procured  mlumimum^  the  melat- 
lio  bate  of  alumina,  in  a  pure  state.  (Edinburgh  Journal  of  Sclenoe,  No. 
xrii.  178.) 

The  preparation  of  this  metal  depends  on  the  properW  which  potaaahuD 
possesses  of  decomposing  the  chloride  of  aluminium.  Decomposition  is  ef^ 
fected  by  aid  of  a  moderate  increase  of  temperature ;  but  the  action  is  ao 
violent,  and  accompanied  with  such  intense  heat,  that  the  process  cannot  be 
safely  conducted  in  glass  vessels.  Wohler  succeeded  with  a  platinum  cruci- 
ble, retaining  the  cover  in  ils  place  by  a  piece  of  wire.  The  heat  developed 
during  the  action  was  so  great,  that  the  crucible,  though  but  gently  heated 
externally,  suddenly  became  red-hot  The  platinum  is  scarcety  attacked 
during  the  process ;  but  to  prevent  the  possibility  of  error  from  this  souroety 
the  decomposition  was  also  effected  in  a  crucible  of  porcelain.  The  potas- 
sium employed  for  the  purpose  should  be  quite  free  from  carbon,  and  the 
quantity  operated  on  at  one  time  not  exceed  the  size  of  ten  peas.  The  heat 
was  applied  by  means  of  a  spirit-lamp,  and  continued  until  the  action  was 
completed.  The  proportion  of  the  materials  requires  to  be  carefuUy  adjusted  ; 
for  the  potassium  should  be  in  such  quantity  as  to  prevent  any  chloride  of 
aluminium  from  subliming  during  the  process,  but  not  so  much  as  to  yield 
an  alkaline  solution  when  the  prc^uct  is  put  into  water.  The  matter,  con- 
tained in  the  crucible  at  the  close  of  the  operation,  is  in  general  compktely 
fused  and  of  a  dark  gray  colour.  When  fut£e  cM,  the  crucible  is  put  into 
a  large  glass  full  of  water,  in  which  the  salhie  matter  is  dissolved,  with  slight 
disengagement  of  hydrogen  of  an  offensive  odour ;  and  a  gray  powder  sepa- 
rates, which,  on  close  inspection,  especially  in  sunshine,  ia  found  to  consist 
solely  of  minute  scales  of  metal.  These  scales,  afler  being  well  washed  with 
eM  water,  are  pure  aluminium.  The  saline  matter  removed  by  water  ia 
chloride  of  potaasium,  and  a  considerable  quantity  of  chloride  of  alumi- 
nium. 

Aluminium,  as  thus  formed,  is  a  gray  powder,  very  similar  to  that  of  plati- 
num. It  is  generally  in  small  scales  or  spangles  of  a  metallic  lustre;  and  some- 
times  small,  slightly  coherent,  spongy  masses  are  observed,  which  in  some 
places  have  the  lustre  and  white  colour  of  tin.  The  same  appearance  b  ren- 
dered perfectly  dbtinct  by  pressure  on  steel,  or  in  an  agate  mortar ;  so  that 
the  lustre  of  alaminium  is  decidedly  metallic  In  its  fused  state  it  is  a  con- 
ductor of  electricity,  though  it  does  not  possess  this  property  when  in  the 
form  of  powder.  This  remark,  of  a  metal  conducting  the  electric  fluid  id 
one  state  and  not  in  another,  is  very  instructive ;  and  Wohler  observed  an 
instance  of  the  same  kind  in  iron,  which,  in  the  sttite  of  fine  powder,  is  a  non- 
conductor of  electricity. 

Aluminium  requires  for  fusion  a  temperature  higher  than  that  at  which 
cast  iron  is  liquefied.  When  heated  to  redness  in  the  open  air,  it  takes  fire 
and  burns  with  vivid  light,  yieldins^  aluminous  earth  of  a  white  colour  and 
of  considerable  hardness.  Sprinkled  in  powder  in  the  flame  of  a  candle, 
brilliant  sparks  are  emitted,  like  those  given  off  during  the  combustion  of 
iron  in  oxycen  gas.  When  heated  to  redness  in  a  vessel  of  pure  oxygen  gas, 
it  burns  wiui  an  exoeedingly  vivid  liglit,  and  emission  of  intense  heat  The 
resulting  alumina  is  partially  vitrified,  of  a  yellowish  colour,  and  equal  in 
hardness  to  the  native  crystaUlzed  aluminous  earth,  corundum.  Heated  to 
near  redness  in  an  atmosphere  of  chlorine,  il  takes  fire,  and  chloride  of  alu- 
minium is  sublimed. 

.  Aluminium  is  not  oxidized  by  water  at  common  temperatures,  nor  is  its 
lustre  tarnished  by  lying  in  water  during  its  evaporation.  On  heating  the 
water  to  near  its  boiling  point,  oxidation  of  the  metal  commences,  with 
feeble  disengagement  of  hydrogen  gas,  the  evolution  of  which  continues  even 
long  after  cooling,  but  at  lengUi  wholly  ceases.  The  oxidation,  however,  is 
very  slight;  and  oven  afler  continued  ebullition,  the  smattest  particles  of 
aluminium  appear  to  have  suffered  searcely  any  change. 

Aluminium  is  not  attacked  by  concentrated  sulphuric  or  nitric  acid  at 
common  temperatures.    In  the  former^  with  the  aid  of  heat^  it  is  rapidly 
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diMolved  with  disengagemeDt  of  sulphurous  acid  gas.  In  dilute  hydro- 
ichloric  and  sulphuric  acid,  and  also  in  a  dilute  solution  of  potaasa,  it  dis- 
^ves  with  evolution  of  hydro^n  gus.  Ammonia  produces  a  similar  effect, 
and  dissolves  a  ItiTge  quantity  of  alumina.  The  hydrogen  gas  which  makes 
its  appearance  is  of  course  derived  from  water,  the  oxygen  of  which  com- 
bines with  the  metal  so  as  to  constitute  alumina. 

From  the  composition  of  the  sulphates  of  alumina,  ascertained  by  Ber- 
xelius,  Stroraeyer,  and  Phillips,  the  equivalent  of  alumina  may  be  estimated 
either  at  25.7,  or  at  51.4,  twioo  that  number.  Now  chemists  have  no  direct 
means  of  discovering  the  atomic  constitution  of  alumina,  inasmuch  as  alu- 
minium  combines  with  oxygen  and  most  other  elements  in  one  proportion 
only.  Thomson  assumes  alumina  to  consist  of  single  atoms  of  its  elements ; 
but  most  chemists,  seeing  that  alumina  has  little  snalogy  to  protoxides  in 
its  modes  of  combining,  but  that  in  its  form  and  all  its  chemical  relations  it 
closely  resembles  peroxide  of  iron,  have  inferred  that  the  simplest  ^olecule  c(f 
alumiqa  contains  two  atoms  of  aluminium  and  three  atoms  of  oxy^h.  On  this 
supposition  51.4  must  be  the  equivalent  pf  alumina,  and  13.7  thai* i^f  alum i- 
nium.  The  composition  of  its  compounds,  described  in  thi8-seeir6n,'is  the 
following  J — 

2  eq.  Aluminium.  "Equiv.         Forraulto. 

Sesquioxide  27.4+oxygeB       24     3  eq.=  51.4    2Al-f-30or'Al.' 

Sesquichloride       27.4-f chloune   106i26 3 eq.=  133.66  2AI 4- SClor A1«C1» 
Sesquisolphuret     27.44-sulphur      48.3   3  eq.=:  75.7    2A1  +  3S  or  Al'S*. 
Sesquiphosphuret  27.4-f  phosph.      47.1    3eq=  74.5    2Al-f  3P  or  A1«P8. 
Sesquiseleniarct    27.4+ selehium  118.8  3  eq.=  1465    2Al-f.3Se  or  Al  Se5. 

The  composition  of  tbc  four  last  compounds  is  matter  of  linference  from  the 
change  which  they  respectively  undergo  by  the  action  of  water. 

Sesquioxide  of  Aluminium, — This  is  the  only  known  oxide  of  this  metal, 
and  is  commonly  known  under  the  name  of  alumina  or  aluminous  earth.  It 
is  one  of  the  most  abundant  productions  of  nature.  It  is  found  in  every 
region  of  the  globe,  and  in  rocks  of  all  ages,  beiiig  a  constituent  of  Umk 
oldest  primary  mouotains,  of  tlie  secondary  strata,  and  of  the  most  recent 
alluvial  depositions.  The  different  kinds  of  clay  of  which  bricks,  pipes, 
and  earthenware  are  made,  consist  of  hydrate  of  alumina  in  a  greater  or 
less  de^gree  of  purity.  Though  Uiis  earth  commonly  appears  in  rude  amor- 
phous  masses,  it  is  sometimes  found  beautifully  crystallized. — ^The  ruby 
and  the  sapphire,  two  of  the  most  beautiful  gems  with  which  we  are, ac- 
quainted, are  composed  almost  solely  of  alumina. 

Pure  alumina  is  prepared  from  alum,  sulphate  of  alumina  and  potassa. 
This  salt,  as  purchased  in  the  shops,  is  frequently  contaminated  with  per^ 
oxide  of  iron,  and  consequently  unfit  for  many  chemical  purposes ;  but  it 
may  be  separated  from  this  impurity  by  repeated  crystallization.  Its  abo 
sence  is  proved  by  the  alum  being  soluble  without  residue  in  a  solution  of 
pure  potassa;  whereas  when  peroxide  of  iron  is  present,  it  is  either  lefl  un- 
dissolved in  the  6rst  instance*  or  deposited  after  a  few  hours  in  yellowish^ 
brown  flocks.  Any  quantity  of  purified  alum  is  dissolved  in  four  or  five 
times  its  weight  of  boiliog  water,  a  slight  excess  of  carbonate  of  potassa 
added,  and  afler  digesting  for  a  few  minutes,  the  bulky  hydrate  of  alumina 
is  collected  on  a  filter,  and  well  washed  witli'hot  water^  It  is  necessary  in 
this  operation  to  digest  and  employ  an  excess  of  alkali ;  since  otherwise 
the  precipitate  would  retain  some  sulphuric  acid  in  the  form  of  a  sobsuL 
phate.  But  the  alumina,  as  thus  prepared,  is  not  yet  quite  pure;  for  it  re- 
gains some  of  the  alkali  with  such  force,  that  it  -cannot  be  separated  by 
the  action  of  water.  For  this  reason  the  precipitate  must  be  re-dissolved 
in  dilute  hydrochloric  acid,  and  thrown  down  hy  means  of  pure  ammo«> 
4iia,  or  its  carbonate.  This  precipitate,  afler  bemg  well  washed  and  ex- 
posed  to  a  white  heat,  yields  pure  anhydrous  alumina.  Ammonia  can- 
ipot  he  £nipiojed  for  precipitatiujg  aluminooB  earth  .directly  from  slva^ 

57* 
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because  lulidiaie  of  alumina  k  not  oorapletely  deeompond  by  thts  alkdL 
(Berxelius.)  An  oasier  process,  proposed  by  Gay-Lussac,  is  to  expose  sul- 
phate of  alumina  and  ammonia  to  a  strong  heat,  so  as  to  expel  the  am- 
monia and  sulphuric  acid. 

Alumina  has  neither  taste  nor  smell,  and  is  quite  insoluble  in  water.. 
It  is  very  infusible,  though  less  so  than  lime  or  magnesia.  It  has  a  power- 
ful affinity  for  water,  attracting  moisture  from  the  atmosphere  with  avidity ; 
and  for  a  like  reasoDt  it  adheres  tenaciously  to  the  tongue  when  applied  ta 
it.  Mixed  with  a  due  proportbn  of  water,  it  yields  a  soft  cohesive  mass,  siu- 
oeptiblc  of  being  moulded  into  regular  forms,  a  property  upon  which  de- 
pends its  employment  in  the  art  ofpotiery.  When  once  moistened,  it  can- 
not be  rendered  anhydrous,  except  by  exposure  to  a  full  white  heat ;  and 
in  proportion  as  it  parts  with  water,  its  volume  diminishes.  (Page  27.) 

Alvimina,  owing  to  its  insolubility,  does  not  affect  the  blue  colour  of 
pUiUs.  It  appears  to  possess  the  properties  both  of  an  acid  and  of  an  al- 
kali :— !pf  an  acid,  by  uniting  with  alkaline  bascsy  such  as  potassa,  lime, 
and  baryta ; — and  of  an  alkali,  by  forming  salts  with  acids.  In  neither 
case,  however,  are  its  soluble  eompounds  neutral  with  respect  to  test  paper. 

Alumina  most  probably  forms  several  different  hydrates  with  water,  and 
two  have  been  described  by  Dr.  Thomson.  One  of  these,  apparently  com- 
posed of  six  equivalents  of  water  to  one  of  alumina,  so  that  its  formula  is 
Al  4. 6H,  was  procured  by  exposing  precipitated  alumina  for  the  space  of 
two  months  to  a  dry  air,  the  temperature  of  which  did  not  exceed  60^  F. 
The  other  is  a  terhydrate  prepared  by  drying  the  preceding  at  a  heat  of 
about  100^,  and  its  formula  is,  therefore,  A14-3Ii.  The  mineral  called 
Glbbsite  has  a  similar  composition. 

Alumina  is  easily  recognized  by  the  following  characters.  1.  It  is  sepa- 
rated from  acids,  as  a  hydrate,  by  all  the  alkahnc  carbonates,  and  by  pure 
ammonia.  2.  It  is  precipitated  by  pure  potassa  or  soda,  but  the  precipitate 
is  completely  redissolvcd  by  an  excess  of  the  alkali. 

Seaquickloride  of  Aluminium. — Oersted  discovered  this  componnd  by 
transmitting  dry  chlorine  gas  over  a  mixture  of  alumina  and  charcoal 
heated  to  redness.  By  acting  on  this  substance  with  an  amalgam  of  potas- 
sium' and  expelling  the  mercury  by  heat,  he  obtained  metallic  matter, 
which  he  believed  to  be  aluminium;  but  not  having  leisure  to  pursue  the 
inquiry  himself,  he  requested  Wohler  to  investigate  the  subject.  Wohler 
did  not  arrive  at  any  satisfactory  conclusion  by  the  method  suggested  by 
OeraUid ;  but  met  with  complete  success  by  means  of  pure  potassium,  as 
already  described. 

To  procure  chloride  of  aluminium^  Wohler  precipitated  aluminous  ecu'th 
horn  a  hot  solution  of  alum  by  means  of  potaspa,  and  mixed  the  hydrate, 
when  dry,  with  pulverized  charcoal,  sugar,  and  oil,  so  as  to  form  a  thick 
paste,  which  was  heated  in  a  covered  crucible  until  all  the  organic  matter  was 
destroyed.  By  this  means  the  alumina  was  brought  into  a  state  of  intimate 
mixture  with  finely  divided  charcoal,  and  while  yet  hot,  was  introduced  into 
a  tube  of  porcelain,  fixed  in  a  convenient  furnace.  After  expelling  atmo- 
spheric air  fVom  the  interior  of  the  apparatus  by  a  current  of  dry  chlorine 
gas,  the  tube  was  brought  to  a  red  heat.  The  formation  of  chloride  of  alu- 
minium then  commenced,  and  continued,  with  disengagement  of  carbonic 
oxide  gas,  during  an  hour  and  a  half^  when  the  tu^  became  impervious 
from  sublimed  chloride  of  aluminium  collected  within  it  The  process  was 
then  necessarily  discontinued. 

As  thus  formed,  chloride  of  aluminium  is  of  a  pale  greenish-yellow  colour, 
partially  translucent,  and  of  a  highly  crystalline  lamellated  texture,  some- 
what  like  talc,  but  without  regular  crystals.  On  exposure  to  the  air  it  fumes 
slightly,  emits  an  odour  of  hydrochloric  acid  gas,  and,  deliquescing,  yields  a 
clear  liquid.  When  thrown  into  water,  it  is  speedily  Resolved  with  a  hiss- 
ing noise ;  and  so  much  heat  is  evolved,  that  the  water,  if  in  small  quan- 
tity, is  brought  into  a  state  of  brisk  ebullition.    The  solution  is  probably  m 


true  hydroefalorate  of  alumina,  formed  by  decom^ition  of  water.  Accord, 
ing.  to  Oersted  it  ia  volatile  at  a  temperature  a  little  higher  than  312°,  and 
fbsBs  nearly  at  the  same  degree. 

Sesquinuphuret  of  Aluminium, — Sulphur  may  be  distiUed  from  alumi- 
nium without  combining  with  it ;  but  if  a  piece  of  sulphur  is  dropped  on 
aluminium  when  strongly  incandescent,  so  that  it  may  be  enveloped  in  an 
atmosphere  of  the  vapour  of  sulphur,  the  union  is  effected  with  vivid  emis* 
«ion  of  light  Tlie  resulting  sulphuret  is  a  partially  vitrified,  seroi-metallio 
mass,  which  acquires  an  iron-black  metallic  lustre  when  burnished.  Applied 
to  the  tongue  it  excites  a  pricking  warm  taste  of  hydrosxilphurieacid.  When 
pat  into  pure  water,  or  on  exposure  to  the  air,  it  is  resolved,  by  an  inter- 
ehange  of  elements,  into  alumina  and  hydrosulphuric  acid,  the  latter  escap- 
ing as  gas.    It  is  to  be  presumed  that 

1  eq.  sulphuret  and  3  eq.  water  2   1  eq.  alumina  and  3  eq.  hydrosulph.  acid. 
SAJ+3S  3(H+0)     •«     2A+30  3(H+S). 

Wohlcr  finds  that  sulphuret  of  aluminium  cannot  be  generated  by  the  ae» 
tion  of  hydrogen  gas  on  sulphate  of  alumina  at  a  red  heat;  for  in  that  case 
all  the  acid  is  expelled,  without  the  aluminous  earth  being  reduced. 

Seaquiphosphuret  of  Aluminium, — When  aluminium  is  heated  to  redness 
in  contact  with  the  vapour  of  phosphorus,  it  takes  fire  and  emits  a  brilliant 
light  The  product  is  described  by  Wohler  as  a  blackish-gray  pxilverulent 
mass,  which  by  friction  acquires  a  dark  gray  metallic  lustre,  and  in  the  air 
smells  instantly  of  phoflphurelted  hydrogen.  By  the  action  of  water  alumina 
and  phosphurctted  hydrogen  gas  are  generated,  but  the  latter  is  not  sponta. 
neously  inflammable.  The  effervescence  is  less  rapid  than  with  the  sul- 
phuret, but  is  increased  by  heat. 

Seaquiseleniuret  of  Aluminium. — ^This  compound  is  formed,  with  disen- 
gagement of  heat  and  light,  by  heating  to  redness  a  mixture  of  selenium 
and  aluminium.  The  product  is  black  and  pulverulent,  and  assumes  a  dark 
metallic  lustre  when  rubbed.  In  the  air  it  emits  a  strong  odour  of  hydro- 
selenic  acid ;  and  this  gas  is  rapidly  disengaged  by  the  action  of  water* 
which  is  speedily  reddened  by  the  separation  of  selenium. 


SECTION   IX. 

GLUCINIUM,  YTTRIUM,  THORIUM,  AND  ZIRCONIUM. 
GLUCINIUM. 

Glueina,  which  was  discovered  by  Vauqudln  in  the  year  1798,  has  hither- 
to been  found  only  in  three  rare  minerals,  the  cuclase,  beryl,  and  emerald. 
It  is  the  only  oxide  of  a  metal  which  Wohler  succeeded  in  preparing  in  the 
year  1628  by  a  process  exactly  similar  to  that  described  in  the  last  section. 
Chloride  of  glucinium  is  readily  attacked  by  potassium  when  heated  with 
the  flame  of  a  spirit-lamp,  and  the  decomposition  is  attended  with  intense 
heat  Afler  removing  the  resulting  chloride  of  potassium  by  cold  water, 
the  glucinium  appears  in  the  form  of  a  grayish-black  powder,  which  ac- 
quires a  dark  metallic  lustre  by  burnishing.  It  may  be  exposed  to  air  and 
moisture,  or  be  even  boiled  in  water,  witliout  oxidation.  When  heated  in 
the  open  air,  it  takes  fire  and  burns  with  a  most  vivid  light;  and  in  oxygen 
||^  the  combustion  is  attended  with  extraordinary  splendour.  The  product 
.  m  both  cases  is  glucina,  which  is  not  at  all  fused  by  the  intense  heat  that 
accompanied  its  formation.  The  metal  is  readily  oxidized  and  dissolved  in 
sulphuric,  nitric,  or  hydrochloric  acid  with  the  aid  of  heat ;  and  the  same 
ensuea,  with  disengagement  of  hydrogen  gas,  in  solution  of  potassa.    It  is 
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not  aitecked,  howe?«r,  by  pore  ammonia.  When  moderately  heated  in 
chlorine  faa*  it  barns  with  g^reat  splendour,  and  a  crystaliized  chlori<le  sub. 
limes.  Similar  phenomena  ensue  in  the  vapour  ef  bromine  and  iodine;  and 
it  unites  readily  with  sulphur,  selenium,  phosphorus,  and  arsenic  (PhiL 
Ma^r.  and  Annals,  v.  392.) 

According^  to  the  experiments  of  Berzelius,  25.7  ts  the  equivalent  of 
glucina;  and,  therefore,  assuming  it  to  consist  of  single  •equivalents,  a  point 
not  ^et  clearly  ascertained,  the  equivalent  of  glucinium  is  17.7.  Henoe 
glucma  will  be  formed  of  17.7  parts  or  one  eq.  of  glucinium  and  8  parts  or 
one  eq.  of  oxygen. 

Oxide  of  Glucinium  or  Gluoina, — This  oxide  is  commonly  prepared  from 
beryl,  in  which  it  exists  to  the  extent  of  about  14  per  cent,  combined  with 
silicic  acid  and  alumina.  In  order  to  procure  it  in  a  separate  state,  the 
mineral  is  reduced  to  an  exceedingly  fine  powder,  mixed  with  three  times 
its  weight  of  carbontfte  of  potassa,  and  exposed  to  a  strong  red  heat  for  half 
an  hour,  so  that  the  mixture  mgy  be  fused.  The  mass  is  tlien  dissoked  in 
dilute  hydrochloric  acid,  and  the  solution  evaporated  to  perfect  dryness ;  by 
which  means  the  silicic  acid  is  rendered  quite  insoluble.  The  alumina  ami 
glucina  are  then  redissolved  in  water  acidulated  with  hydrochloric  acid, 
and  thrown  down  together  by  pure  ammonia.  The  precipitate,  after  being 
well  washed,  is  macerated  with  a  large  excess  of  carbonate  of  ammonia,  by 
which  glucina  is  dissolved ;  and  on  boiling  the  filtered  liquid,  carbonate  of 
gluoina  subsides.  By  means  of  a  red  heat  its  carbonic  acid  is  entirely  ez- 
pelled. 

Glucina  is  a  white  powder,  which  has  neither  taste  nor  odour,  and  is 
quite  insoluble  in  water.  Its  specific  gravity  is  3.  Vegetable  colours  are 
not  affected  by  it  The  salts  which  it  forms  with  acids  have  a  sweetish 
taste,  a  circumstance  which  distinguishes  glucina  from  other  earths,  and 
fi'om  which  its  name  b  derived.   (From  ykuKuc^  sweet) 

Glucina  may  be  known  chemically  by  the  following  characters.  1.  Pure 
potassa  or  soda  precipitates  glucina  from  its  salts,  but  an  excess  of  the  alkali 
redissoivcs  it  2.  It  is  precipitated  permanently  by  pure  ammonia  as  a 
hydrate,  and  by  fixed  alkaline  carbonates  as  a  carbonate  of  glucina.  3,  It 
is  dissolved  completely  by  a  cold  solution  of  carbonate  of  ammonia,  and  is 
precipitated  from  it  by  boiling.  By  means  of  this  property,  glucina  may  be 
both  distinguished  and  separated  firom  alumina. 

YTTRIUM. 

Yttrium  is  the  metallic  base  of  an  earth  which  was  discovered  in  the 
year  1794  b^  Professor  Gadolin,  in  a  mineral  found  at  Ytterby  in  Sweden, 
from  which  it  received  the  name  of  yttria.  The  metal  itself  was  prepared 
by  Wohler  in  1828  by  a  process  similar  to  that  above  described.  Its  texture, 
by  which  it  is  distinguished  from  glucinium  and  aluminium,  is  scalv,  its 
colour  grayish-black,  and  its  lustre  perfecUy  metallic.  In  coloar  and  lustro 
it  is  inferior  to  aluminium,  bearing  in  these  respects  neatly  tlie  same  rela- 
tion to  that  nietal,  that  ir«»i  does  to  tin.  It  is  a  brittle  metal,  while  alumi. 
nium  is  ductile.  It  is  not  oxidized  either  in  air  or  water ;  but  when  heated 
to  redness,  it  burns  with  splendour  even  in  atmospheric  air,  and  with  &x 
greater  brilliancy  in  oxygen  gas.  The  product,  vttria,  is  white,  and  shows 
unequivocal  marks  of  fusion.  It  dissolves  in  sulphuric  acid,  and  also,  though 
less  readily,  in  solution  of  potassa;  but  it  is  not  attacked  by  ammonia.  It 
combines  with  sulphur,  selenium,  and  phosphorus.  (Phil.  Mag.  and  Annals, 
v.  393.) 

The  salts  of  yttria  have  in  general  a  sweet  taste,  and  the  sulphate,  as  well 
as  many  of  its  salts,  has  an  amethyst  colour.  It  is  precipitated  as  a  hydrate 
by  the  pure  alkalies,  and  H  is  not  redissokcd  by  an  excess  of  the  precipitant; 
but  alkaline  carbonates,  especially  that  of  ammonia,  dissolve  it  in  the  cold, 
though  less  freely  than  glucina,  and  carbonate  of  yttria  is  precipitated  by 
boiling.    Of  all  the  earths  it  bears  the  closest  resemblance  to  glucina;  but 
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it  18  nmdily  distingiiiihed  from  it  by  the  eoloar  of  its  sulphate,  by  its  insohi- 
bilitj  in  pure  potassa,  and  by  yielding-  a  precipitate  with  ferrocyannret  of 
potassium.  (Berzelins.)  The  equivalent  of  yttrium,  as  deduced  by  Berxeliusy 
18  32.3;  and  that  of  yttria,  wliich  is  probably  a  protoxide,  is  40i2. 

THORIUM. 

The  earthy  substance  formerly  called  thorina,  was  found  by  Berzellus  to 
be  phosphate  of  yttria ;  bat  in  lu28  he  discovered  a  new  earth,  so  similar  in 
some  respects  to  what  was  formerly  called  thorina,  that  he  applied  this  term 
to  the  new  substance.  Thorina  was  procured  from  a  rare  l^orwegian  mine- 
ral, now  called  thoriiey  which  was  sent  to  Berzelias  by  M.  Esmarck.  It 
constitutes  57.91  per  cent,  of  the  mineral,  and  occurs  in  the  form  of  a  hy- 
drated  silicate  of  thorina.  In  order  to  prepare  thorina,  the  mineral  is  re- 
duced to  powder,  and  digested  in  hydrochloric  acid;  when  a  gelatinous  mass 
is  formed,  from  which  silicic  acid  is  separated  by  evaporating  to  dryneAs, 
and  dissolviuff  the  soluble  parts  in  dilute  acid.  The  solution  is  then  freed 
from  lead  and  tin,  which  occur  in  thorite  along  with  several  impurities,  by 
faydrosuiphuric  acid,  and  the  earths  are  thrown  down  by  pure  ammonia. 
The  precipitate,  afler  being  well  washed,  is  dissolved  in  dilute  sulphuric 
acid,  and  the  solution  evaporated  at  a  high  temperature  till  only  a  small 
quantity  of  fluid  remains.  During  the  evaporation  the  greater  part  of  the 
thorina  is  deposited  as  a  sulphate ;  and  on  decanting  the  remaining  fluid, 
washing  the  residue,  and  heating  it  to  redness,  pure  thorina  remains.  (An. 
de  Ch.  et  de  Ph.  xUii.  5.) 

The  metallic  base  of  thorina  (thorium)  was  procured  by  the  action  of 
potassium  on  chloride  of  thorium,  decomposition  being  accompanied  with  a 
slight  detonation.  On  washing  the  mass,  thorium  is  lefl  in  the  form  of  a 
heavy  metallic  powder,  of  a  deep  leaden-gray  colour ;  and  when  pressed  la 
an  agate  mortar,  it  acquires  metallic  lustre  and  an  iron-gray  tint  Thorium 
is  not  oxidized  either  by  hot  or  cold  water;  but  when  gently  heated  in  the 
open  air,  it  barns  with  great  brilliancy,  comparable  to  that  of  phosphorus 
burning  in  oxygen.  The  resulting  thorina  is  as  white  as  snow,  and  does 
not  exhibit  the  least  trace  of  fusion.  It  is  not  attacked  by  caustic  alkalies 
at  a  boiline  heat,  is  scarcely  at  all  acted  on  by  nitric  acid,  and  very  slowly 
by  the  sulfuric ;  hut  it  is  readily  dissolved  with  disengagement  of  hydrogen 
gas  by  hydrochloric  acid. 

Thorina,  when  formed  by  the  oxidation  of  thorium,  or  aflcr  being  strongs 
ly  heated,  is  a  white  earthy  substance,  of  specific  gravity  9.402,  and  insolu- 
Ue  in  all  the  acids  except  the  sulphuric ;  and  it  dissolves  even  in  that  with 
difficulty.  It  is  precipitated  from  its  solutions  by  the  caustic  alkalies  as  a 
hydrate,  and  in  this  state  absorbs  carbonic  acid  from  the  atmosphere,  and 
dissolves  readily  in  acids.  All  the  alkaline  carbonates  dissolve  the  hydrate, 
carbonate,  and  sub-salts  of  thorina.  Its  exact  composition  is  not  known ; 
but  sia  equivalent  is  about  67.6. 

Thorina  is  distinguished  from  alumina  and  glucina  by  its  insolubility  in 
pure  potassa;  from  yttria  by  forming  with  sulphate  of  potassa  a  double  salt 
which  is  quite  insoluble  in  a  cold  saturated  solution  of  sulphate  of  potassa ; 
and  firom  zirconia  by  the  circumstance  that  this  earth,  after  being  precipi- 
tated from  a  hot  solution  of  sulphate  of  potassa,  is  almost  insoluble  in  water 
and  the  acids.  Thorina  is  precipitated,  also,  b^  ferrocyanuret  of  potassium, 
which  does  not  separate  zirconia  from  its  solutions.  Berzelius  has  remark- 
ed that  sulphate  of  thorina  is  much  more  soluble  in  cold  than  in  hot  water, 
so  that  a  cold  saturated  solution  becomes  turbid  when  heated,  and  in  cooling 
recovers  its  transparency. 

Chloride  of  thorium  is  readily  prepared  by  carbonizing  an  intimate  mix- 
ture of  thorina  and  sugar  in  a  covered  platinum  crucible,  and  then  exposing 
the  residue  at  a  red  heat  in  a  porcelain  tube  to  a  current  of  dry  chlorine. 
The  chloride,  possessing  but  little  volatility,  collects  in  the  tube  just  beyond 
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the  ignited  ^rt,  in  the  form  of  a  partially  fused,  crystalline,  white  man.    It 
is  soluble  in  water  with  considerable  rise  of  temperature. 

When  thorium  is  heated  in  the  vapour  of  sulphur,  the  phenomena  of  com* 
hustion  ensue  with  the  same  brilliancy  as  in  air,  and  a  solphuret  results.  A 
phosphuret  may  be  formed  by  a  similar  process. 

ZIRCONIUM. 

The  experiments  of  Davy  proved  zirconia  to  be  an  oxidized  body,  and  af- 
forded a  presumption  that  its  base,  zireonium^  is  of  a  metallic  nature ;  but 
Berzelius  first  obtained  the  metal  in  1824,  by  heating,  with  a  spirit-lamp,  a 
mixture  of  potasMUm  and  the  double  fluoride  of  zirconium  and  potassium, 
carefxilly  dried,  in  a  tube  of  glass  or  iron.  The  reduction  takes  place  at  a 
temperature  below  redness,  without  emission  of  light;  and  the  mass  is 
washed  with  boiling  water,  and  afterwards  digested  for  some  time  in  dilute 
hydrochloric  acid.    The  residue  is  pure  zirconium. 

Zirconium,  thus  obtained,  is  in  tne  form  of  a  black  powder,  which  may 
be  boiled  in  water  witliout  being  oxidized,  and  is  attacked  with  difficulty  by 
sulphuric,  hydrochloric,  or  nitro-bydrochloric  acid ;  but  it  is  dissolved  readi- 
ly,  and  with  disengairement  of  hydrogen  gas,  by  hydrofluoric  acid.  Heated 
in  the  open  air,  it  takes  fire  at  a  temperature  far  below  luminousness,  burns 
brightly,  and  is  converted  into  zirconia.  Its  metallic  nature  seems  sume- 
what  questionable.  It  may  indeed  bo  pressed  out  into  thin  shining  scales  of 
a  dark  gray  colour,  and  of  a  lustre  which  may  be  called  metallic ;  but  its 
j)articles  cohere  together  very  feebly,  and  it  has  not  been  procured  in  a  state 
capable  of  conducting  electricity.  These  points,  however,  require  further 
investigation  beibre  a  decisive  opinion  on  the  subject  can  be  adopted.  C^og. 
Annalen,  iv.) 

Oxide  of  Zirconium  was  discovered  in  the  year  1789  by  Klaproth  in  the 
jargon  or  zircon  of  Ceylon,  and  has  since  been  found  in  toe  hyacinth  from 
Expailly  in  France.  It  is  an  earthy  substance,  resembling  alumina  in  ap- 
pearance, of  specific  gravity  4.3,  having  neither  taste  nor  odour,  and  quite 
insoluble  in  water.  It  is  so  hard  that  it  will  scratch  glass.  Its  colour,  when 
pure,  is  white;  but  it  has  frequently  a  tinge  of  yellow,  owing  to  the  presence 
of  iron,  from  which  it  is  separated  with  great  difficulty.  It  phosphoresces 
vividly  when  heated  strongly  before  the  blowpipe.  Its  salts  are  distin- 
guished  from  those  of  alumina  or  ^lucina  by  being  precipitated  by  all  the 
pure  alkalies,  in  an  excess  of  which  it  is  insoluble.  The  alkaline  carbonates 
precipitate  it  as  carbonate  of  zirconia,  and  a  small  portion  of  it  is  rodissolved 
hy  an  excess  of  the  precipitant,  especially  when  a  bicarbonate  is  employed. 
It  differs  from  all  the  earths,  except  thorina,  in  being  precipitated  when  any 
of  its  neutral  salts  are  boiled  with  a  saturated  solution  of  sulphate  of  po- 
tassa,  the  zirconia  subsiding  as  a  subsalt,  and  the  potassa  remaining  in  solu- 
tion as  a-hisulphatc.  Zirconia  is  precipitated  from  its  salts  by  pure  ammo- 
nia as  a  bulky  hydrate,  which  is  readily  soluble  in  acids  ;  but  if  this  hydrate 
IS  ignited,  dried,  or  even  washed  with  boiling  water,  it  afterwards  resists 
the  action  of  the  acids,  and  is  dissolved  by  them  with  great  difficulty. 
Strong  sulphuric  acid  is  then  its  best  solvent.  (Berzelius.)  When  hydrated 
^drconia  is  heated  to  commencing  redness,  it  parts  witli  its  water,  and  soon 
after  emits  a  yery  vivid  glow  for  a  short  time.  This  phenomenon  appears 
to  depend  upon  the  particles  of  the  zirconia  suddenly  approaching  each  other, 
and  thus  acquiring  much  greater  density  than  it  previously  possessed.  Oxide 
of  chromium,  titanic  acid,  and  several  other  compounds,  afford  instances  of 
the  same  appearance ;  and  whenever  it  takes  place,  the  susceptibility  of  the 
substance  to  be  attacked  by  fluid  reagents  is  greatly  diminished.  (Berze- 
lius.) 

The  composition  of  zirconia  has  not  yet  been  satisfactorily  determined* 
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From  some  anaTyies  by  Benelios,  described  in  the  Essay  above  referred  to, 
it  is  probable  that  the  atomic  weight  of  this  earth  is  about  30  or  33.* 

Sulnhuret  of  Zireonium. — This  compound  may  be  prepared,  according  to 
Berzelius,  by  heating  zirconium  with  sulphur  in  an  atmosphere  of  hydrogen 
^ ;  and  the  union  is  effected  with  feeble  emission  of  light  The  product 
IS  pulverulent,  a  non-conductor  of  electricity,  of  a  dark  chestnot-brown  colour, 
and  without  lustre.  It  is  insoluble  in  sulphuric,  nitric,  and  hydrochloric 
acid ;  and  it  is  slowly  attacked  by  nitro-hydrochloric  acid,  even  with  the 
aid  of  heat  It  is  readily  dissolved  by  hydrofluoric  acid,  with  disengage- 
ment  of  hydrogen  gas. 


SECTION  X. 

SIUCIUM. 

That  silicic  acid  or  silica  is  composed  of  a  combustible  body  united  witB- 
oxygen,  was  demonstrated  by  Davy ;  for  on  bringing  the  vapour  of  potas- 
sium in  contact  with  pure  silicic  acid  heated  to  whiteness,  a  silicate  of  pa- 
tassa  resulted,  through  which  was  diffused  the  inflammable  base  of  silicic 
acid  in  the  form  of  black  particles  like  plumbago.  To  this  substance,  on 
the  supposition  of  its  being  a  metal,  the  term  ailicium  was  applied.  But 
though  this  view  has  been  adopted  by  most  chemists,  so  little  was  known 
with  certainty  concerning  the  real  nature  of  the  base  of  silica,  that  Dr. 
Thomson  inclined  to  the  opinion  of  its  being  a  non-mctallic  body,  and  ac- 
cordingly associated  it  in  his  system  of  chemistry  with  carbon  and  boron 
under  the  name  of  silicon.  The  recent  researches  of  Berzelius  appear  almost 
decisive  of  this  question.  A  subetanee  which  wants  the  metallic  lustre,  and 
is  a  non-conductor  of  electricity,  cannot  be  regarded  as  a  metal.  It  may 
not  be  improper,  however,  to  have  the  absence  of  these  qualities  more  com- 
pletely ascertained,  before  separating  silica  from  a  class  of  bodies  with 
which,  in  several  respects,  it  is  so  nearly  allied. 

^  Pure  silicium  was  first  procured  by  Berzelius  in  the  year  1634  by  the  ac- 
tion of  potassium  on  fluosilicic  acid  gas ;  but  it  is  more  conveniently  pre- 
pared fit>m  the  double  fluoride  of  silicium  and  potassium  or  sodium,  pre- 
viously dried  by  a  temperature  near  that  of  redness.  When  this  compound 
is  heated  in  a  glass  tube  with  potassium,  the  latter  unites  with  fluorine,  and 
silicium  is  separated.  The  heat  of  a  spirit-lamp  is  sufficient  for  the  purpose, 
and  the  decomposition  takes  place,  accompanied  with  feeble  detonation,  be- 
fore  the  mixture  becomes  red-hot  When  the  mass  is  cold,  the  soluble  part* 
are  removed  by  the  action  of  water ;  the  first  portions  of  which  produce  dis- 
engagement of  hydrogen  gas,  owing  to  the  presence  of  some  siliciuret  of 
potassium.  The  silicium  thus  procured  is  chemically  united  with  a  little 
hydrogen,  and  at  a  red  heat  burns  vividly  in  oxygen  gas.  In  order  to  ren- 
der it  quite  pure,  it  should  be  first  heated  to  redness,  and  tlicn  digested  in 
dilute  hydrofluoric  acid  to  dissolve  adherent  particles  of  silicic  acid.  (An- 
nals of  Philosophy,  xxvi.  116.) 

Silicium  obtained  in  this  manner  has  a  dark  nut-brown  colour,  without 
tne  least  trace  of  metallic  lustre.  It  is  a  non-conductor  of  electricity.  It  is 
incombustible  in  air  and  in  oxygen  gas ;  and  may  be  exposed  to  the  flamo 
of  the  blowpipe  without  fusing  or  undergoing  any  other  change.    It  is  nei- 

*  Dr.  Tomer  here  no  doubt  intended  to  say  that  the  atomic  weight  of 
xifxontum  is  30  or  33.  Berzelius  makes  the  atomic  weight  of  tbis  radical 
33.671,  which  is  nearly  the  same  number  with  that  given  by  Dr.  Turner 
for  zirconium  in  the  table  of  equivalents  at  page  14l,^Ed. 
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ther  difiolved  nor  oxidised  by  the  lulphoric,  nitric,  bydroefaloric,  or  hydro- 
fluoric acid ;  bat  a  mixture  of  the  nitric  and  hydrofluoric  acids  dissolves  it 
readily  even  in  the  cold.* 

Silidium  is  not  changed  by  ignition  v^ith  chlorate  of  potasss.  In  nitre  it 
does  not  deflagrate  until  the  temperature  is  raised  so  high  that  the  scid  is 
decomposed ;  and  then  the  oxidation  is  effected  by  the  i&nity  of  the  disen- 
gaeed  alkali  for  silicic  acid,  co-operating  with  the  attraction  of  oxygen  fiv 
silicium.  For  a  similar  reason  it  burns  vividly  when  brought  into  contaiTt 
with  carbonate  of  potassa  or  soda,  and  the  combustion  ensues  at  a  tempera- 
tore  considerably  below  that  of  redness.  It  explodes  in  consequence  of  a 
copious  evolution  of  hydrogen  gas,  when  it  is  dropped  upon  the  fused  hydrate 
of  potassa,  soda,  or  baryta. 

Berxelius  ascertained,  by  oxidizing  a  known  weight  of  silicium,  that  100 
parts  of  silicic  acid  are  composed  of  48.4  of  silicium  and  51.6  of  oxygen. 
Now  if  silicic  acid,  as  Dr.  Thomson  supposes,  be  composed  of  single  atoms 
of  its  elements,  then  the  equivalent  of  silicium  will  be  7.5 ;  but  if,  as  Berze- 
lios  believes,  the  smallest  molecule  of  that  acid  contain  three  atoms  of  oxy- 
gen  united  with  one  atom  of  silicium,  the  equivalent  of  silicium  would  be  2SiJS. 
The  latter  view  is  supported  by  very  strong  analogies ;  but  as  the  former 
applies  more  conveniently  in  expressing  the  composition  of  the  silicates,  I 
have  adopted  it  by  preference.  The  composition  of  the  compounds  of  siti- 
cinm,  described  in  this  section,  may  accordingly  bo  stated  as  follows : — 

Silicium.  Equiv.      Formule. 

Silicic  acid      .    .    7.5     1  eq.+Oxygen     8       1  eq.=  15.5    Si+O  or  S'i. 
Chloride      ...    7.5     1  eq+ Chlorine  35.42  1  eq.= 42.92  Si-fCI  or  SiCl- 
Bromide     ...    7.5    1  eq.+ Bromine  78.4    1  eq.=  8o.9    Si-j-BrorSiBr- 
Sulphurct    ...     7.5     1  cq.-f  Sulphur   16.1     1  eq.=23.6    Si+SorSiS. 
FluosUicic  acid  gas  7.5    1  eq.-f  Fluorine  18.68  1  eq.=:26.18  Si-f-F  or  SiF. 

SUieic  Acid, — ^This  compound,  known  also  by  the  names  of  siliea  and 
nlieeouM  earth,  exists  abundantly  in  nature.  It  enters  into  the  composition 
of  most  of  the  earthy  minerals ;  and  under  the  name  of  quartz  rock,  forma 
independent  mountainous  masses.  It  is  the  chief  ingredient  of  sandstones, 
flint,  calccdony,  rock  crystal,  and  other  analogous  substances.  It  may 
indeed  be  procured,  of  sufiicient  purity  for  most  purposes,  by  igniting  trans- 


»  Dr.  Turner  has  not,  perhaps,  described  with  suflScient  distinctness,  the 
two  states  under  which  silicium  appears.  Its  characters  are  so  much  altered 
by  exposure  to  a  high  temperature,  that  Bcrzelius  has  deemed  it  expedient 
to  give  a  separate  description  of  its  properties,  as  it  appears  before  and  after 
ignition. 

Silicium  before  ignition  is  neither  oxidized  nor  dissolved  by  sulphuric, 
nitric,  or  nitro-muriatic  acid,  even  at  the  boiling  temperature ;  but  it  is  solu- 
ble  in  liquid  hydrofluoric  acid  at  common  temperatures,  and  in  a  heated 
concentrated  solution  of  caustic  potassa.  It' burns  readily  and  vividly  in  air, 
and  still  more  vividly  in  oxygen  gas.  A  part  of  it  only  undergoes  combus- 
tion, the  remainder  being  protected  by  the  coating  of  silica  which  becomes 
formed.    In  this  state  silicium  contains  a  little  hydrogen. 

If  a  portion  of  silicium  which  has  undergone  combustion  on  its  sur&ce, 
be  subjected  to  the  action  of  hydrofluoric  acid,  the  silica  is  removed,  and  a 
nucleus  of  silicium  is  obtained  in  that  state  in  which  it  exists,  afler  having 
been  condensed  and  altered  in  its  properties  by  heat  It  is  now  perfectly 
incombustible,  and  is  no  longer  soluble  in  hydrofluoric  acid  or  a  sc^ution  of 
caustic  potassa. 

Berzelius  does  not  appear  to  attribute  the  difierence  in  properties  between 
the  two  forms  of  silicium  to  the  presence  of  hydrogen  in  one  of  them ;  but 
rather  to  a  difference  in  the  aggregation  of  the  particles.  Berxdiu$t  Traiti 
d€  Chimie,  i.  370,^'Ed, 
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parent  ipeetmeiu  of  rook  crystal,  throwing^  them  while  red4iot  into  water, 
and  then  reducing  them  to  powder. 

Pare  silicic  acid,  in  this  state,  is  a  light  white  powder,  which  ftels  rough 
and  dry  when  rubbed  between  the  fingers,  and  is  both  insipid  and  inodorocis. 
It  is  fixed  in  the  fire,  and  very  infusible ;  but  fuses  before  the  ozy-hydrogen 
blowpipe  with  greater  facility  than  lime  or  magnesia. 

In  its  solid  rorm  silicic  acid  is  quite  insoluble  in  water ;  bat  BerzeHos  ha« 
shown,  that  if  presented  to  water  while  in  the  nascent  state,  it  is  dissolved 
in  large  quantity.  On  evaporating  the  solution  gently,  a  bulky  gelatinoav 
hydrate  separates,  which  is  partially  decomposed  by  a  very  moderate  tempe* 
rature,  bnt  does  not  part  with  all  its  water  except  at  a  red  heat 

Silicic  acid  has  no  action  on  test  paper ;  but  in  all  its  chemical  relatione 
it  manifests  the  properties  of  an  acid,  and  displaces  carbonic  acid  by  the  aid 
of  heat  from  the  alkalies.  Its  combinations  with  the  fixed  alkalies  are 
ejSbcted  by  mixing  pure  sand  with  carbonate  of  potassa  or  soda,  and  heating 
the  miztore  to  r^ness.  During  the  process,  carbonic  acid  is  expelled,  ana 
a  silicate  of  the  alkali  is  generated.  The  nature  of  the  product  depends 
QpNon  the  proportions  which  are  employed.  On  igniting  one  part  of  silicic 
acid  with  three  of  carbonate  of  potassa,  a  vitreous  mass  is  formed,  which  !• 
deljqaescent,  and  may  be  dissolved  completely  in  water.  This  sdution, 
which  was  formerly  called  Uquor  nlieum,  has  an  alkaline  reaction,  and  ab- 
sorbs carbonic  acid  on  exposure  to  the  atmosphere,  by  which  it  is  partially 
decomposed.  Concentrated  acids  precipitate  the  silicic  acid  as  a  gelatinoos  hy- 
drate; but  if  a  considerabieqnantityof^  water  is  present,  and  the  acid  is  added 
gradually,  the  alkali  may  be  perfectly  neutralized  without  any  seiMLration  of 
silicic  acid.  When  a  solution  of  this  kind  is  evaporated  to  dryness,  the  siKei* 
acid  is  rendered  qnite  insoluble,  and  may  thus  be  obtained  in  a  pure  fhrui. 

But  if  the  proportion  of  silicic  acid  and  alkali  be  reversed,  a  transparent 
brittle  compound  results,  which  is  insoluble  in  water,  is  attacked  by  none  of 
the  acids  excepting  the  hydrofluoric,  and  possesses  the  well-known  propeN 
ties  of  prbua.  Every  kind  of  ordinary  ^ss  is  a  silicate,  and  all  its  varieties 
are  owmg  to  differences  in  the  proportion  of  the  constituents,  to  Um  natora 
of  the  alkali,  or  to  the  presence  of  foreign  matters.  Thus,  green  bottle  glaw 
is  made  of  impure  materials,  such  as  river  sand,  which  contains  iron,  and 
the  most  oommon  kind  of  kelp  or  pearl  ashes.  Crown  glass  fi)r  windows  i» 
made  of  a  purer  alkali,  and  sand  which  is  fVee  f\rom  iron.  Plate  glass,  fb? 
looking-glasses,  is  composed  of  sand  and  alkali  in  their  purest  state;  and  in 
the  formation  of  flint  glass,  besides  these  pure  ingredients,  a  considerable 
quantity  of  lltSargis  or  red  lead  is  employed.  A  small  portion  iii  peroxide 
of  manganese  is  also  used,  in  order  to  oxidize  carbonaceous  matters  con- 
tained in  the  materials  of  the  glass;  and  nitre  is  sometimes  added  with  the 
same  intention.  Ordinary  flint  glass,  according  to  Mr.  Faraday,  contahuf 
SIM  per  cent  of  silicic  acid,  33.28  of  oxide  of  lead,  and  13.77  of  pota«M; 
proportions  which  correspond  to  one  eq.  of  potassa,  one  eq.  of  oxide  of  lead« 
and  nearly  twelve  eq.  of  silicic  acid.  Flint  gbss,  accordingly,  is  a  double 
salt,  consisting  chiefly  of  sexsUicate  of  potassa  and  sexsilieate  of  oade  of 
lead. 

CUoride  of  8Uieivm4 — When  silicium  is  heated  in  a  current  of  chlorine 
gas,  it  takes  fire,  and  is  rapidly  volatilised.  The  product  of  the  oombnstioa 
condenses  into  a  liquid,  which  appears  to  be  naturally  colourless,  but  to 
which  an  excess  of  chlorine  communicates  a  yellow  tint  This  fluid  is  very 
limpid  and  volatile,  and  evaporates  almost  instantaneously  in  open  vessels  in 
the  form  of  a  white  vapour.  It  boils  at  124^,  and  bears  a  cold  of  xero  with- 
out liecoming  solid.  It  has  a  suflbcating  odour  not  unlike  that  o^cyanogen, 
and  when  put  into  water  is  converted  into  hydrochloric  and  silicic  acids,  the 
latter  being  easily  obtained  in  a  gektinous  form.  (Benselius.) 

This  chloride  may  also  be  prepared  by  the  method  proposed  by  Oersted, 
which  has  been  so  successfully  applied  in  the  formation  of  other  chlorides. 
U  consists  in  mixing  about  equal  parts  of  hydrated  silicic  add  and  starok 
into  a  paste  with  oiL  heatimr  the  mass  in  a  covered  crucible  so  as  totter 
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the  ftareb,  introdaeiii|f^the  mixtare  in  fra^eots  into  ft  porcelain  tube,  and 
then  transmuting  through  it  a  current  of  dry  chlorine  gas,  while  the  tube  is 
kept  at  a  red  heat  The  chlorine  unites  with  silicium,  while  the  charcoal 
and  oxygen  combine.  The  volatile  chloride  is  then  agitated  with  mercury 
to  separate  the  free  chlorine,  and  purified  by  distillation. 

Bromide  of  iSUtctum. — ^This  compound  was  made  by  Serullas  in  precisely 
the  same  mode  as  that  just  described,  merely  substituting  the  vapour  of 
bromine  for  chlorine.  When  puri6ed  from  free  bromine  by  mereory,  and 
redistilled,  it  is  a  colourless  liquid,  which  emits  dense  vapours  in  an  open 
vessel,  being  decomposed  by  the  moisture  of  the  air,  and  is  denser  than 
strong  sulphuric  acid.  At  302^  it  enters  into  ebullition,  and  freezes  at  10^. 
Potassium,  when  gently  heated,  acU  on  it  with  such  energy  that  detonation 
ensues.  By  water  it  ii<  resolved  into  hydrobromic  and  silicic  acids.  (Phil. 
Mag.  and  AnnaU,  xi.  31)5.) 

Sulphuret  of  Silicium. — ^This  compound  is  formed  by  heating  silicium  in 
the  vapour  of  sulphur,  and  the  union  is  attended  with  the  phenomena  of 
combustion.  Tlie  product  is  a  white  earthy -looking  substance,  which  is  in- 
stantly converted  by  the  action  of  water  into  hydrosulphuric  and  silicic 
acids;  and  while  the  former  escapes  wiih  effervescence,  the  latter  is  dis- 
solved in  large  qunntity.  In  open  vessels,  owing  to  the  moisture  of  the  at- 
mosphere, it  undergoes  a  similar  change;  but  in  dry  air  it  may  be  kept  un- 
altered. 

Ftuooilieic  Add. — ^This  gas  is  formed  whenever  hydro6uoric  and  silicic 
acids  come  in  contact ;  and  hence  pure  hydrofluoric  acid  can  be  prepared  in 
metallic  vessels  only,  and  with  floor  spar  that  b  free  from  rock  crystal. 
The  roost  convenient  method  of  procuring  it,  is  to  mix  in  a  retort  one  part 
of  pulverized  fluor  spar  with  its  own  ^eight  of  sand  or  pounded  glass,  and 
two  parts  of  strong  sulphuric  acid.  On  applying  a  gentle  heat,  fluosilicic 
acid  gas  is  disengaged  with  effervescence,  and  may  be  collected  over 
mercury. 

The  chemical  changes  attending  this  process  are  diflerently  explained, 
according  to  the  view  which  is  taken  concerning  the  nature  of  the  product. 
In  regarding  fluor  spar  as  a  compound  of  fluoric  acid  and  lime,  the  former 
at  the  moment  of  being  set  free  is  thought  to  unite  directly  with  silicic 
acid,  thereby  giving  rise  to  a  compound  of  silicic  and  fluoric  acids.  But 
Ibr  reasons  already  stated  (page  240),  fluor  spar  is  not  considered  as  fluate 
of  lime ;  and,  therefore,  this  view  cannot  be  admitted.  It  is  inferred,  on  the 
contrary,  that  when,  by  the  action  of  sulphuric  scid  on  fluoride  of  calcium* 
hydrofluoric  scid  is  generated,  the  elements  of  this  acid  react  on  those  of 
iiiicic  acid,  and  give  rise  to  the  production  of  water  and  fluosilicic  acid  gas. 
This  gas  is,  therefore,  a  fluoride  of  silicium.  It  may  occur  to  some  whether 
hydrofluoric  acid  does  not  unite  directly  with  silicic  acid;  but  this  idea  is 
inconsistent  with  the  proportion  in  which  the  elements  of  the  gas  are  found 
to  bo  united. 

This  compound  is  a  colourless  gas  which  extinguishes  flame,  destroys 
animals  that  arc  immersed  in  it,  and  irritates  the  respiratory  orgrsns  power- 
fhlly.  It  does  not  corrode  glass  vessels  provided  they  are  quite  dry.  When 
mixed  with  atmospheric  air  it  forms  a  white  cloud,  owing  to  the  presence  of 
watery  vapour.  Its  specific  gravity,  according  to  Dr.  Thomson,  is  3,6111 ; 
and  100  cubic  inches  of  it  at  60^  and  when  the  barometer  stands  at  30 
inches,  weigh  111.986  grains. 

Water  acts  powerfully  on  fluosilicic  acid  gas,  of  which  it  condenses,  ac- 
cording to  Dr.  Davy,  365  times  ite  volume.  (Pbiloa.  Trans,  for  1812.)  The 
fBB  suflers  decomposition  at  the  moment  of  contact  with  water,  silicic  acid 
m  the  form  of  a  gelatinous  hydrate  being  deposited,  which  when  well  wash- 
ed is  quite  pare.  The  liquid,  which  has  a  sour  taste  and  reddens  litmna 
paper,  contains  the  whole  of  tlie  hydrofluoric  acid,  together  with  two-thirds 
of  the  silicic  acid  which  was  originally  present  in  the  gas.  (Berzelius.) 
By  conducting  fluosilicic  acid  gaa  into  a  solution  of  ammonia,  complete  de* 
composition  ensues  >— hydrofluoric  acid  unites  with  the  alkali,  forming  hjr- 
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drofldftte  of  ammonia,  and  all  the  tilicio  aoid  is  depositMi.  On  this  fiMst  ia 
founded  the  mode  of  analyzing  flaoBilidc  aeid  gaa,  adopted  by  Dr.  Davy  and 
Dr.  Thomson. 

The  solution  which  is  formed  by  fully  satnratingr  water  with  fluosilicie 
acid  gas  is  powerfully  acid,  and  emits  fumes  on  exposure  to  the  air.  It  is 
commonly  known  by  the  name  of  tilieated  fituric  acid;  but  a  more  appro- 
priate term  is  nlico-kydro/iuorie  add.  According  to  the  experiments  of 
fioraslius,  it  appears  to  be  a  definite  compound  of  hydrofluoric  and  silicio 
acids,  in  the  ratio  of  three  equivalents  of  the  former  to  two  of  the  latter. 
If  evaporated  before  separation  from  the  silicic  acid,  depoitited  by  the  action 
of  water  on  fluosilicie  acid  gas,  this  compound  is  reproduced.  But  if  the 
solution  is  poured  off  from  the  silicic  acid  thus  deposited,  and  then  evapo- 
rated, fluosilicie  acid  gas  is  at  first  evolved,  and  subsequently  hydrofloorio 
aeid  and  water  are  ex|Klled.  The  evaporation  of  silioo-hydrofluoric  add  tn 
vacuo  is  attended  by  a  similar  change,  so  that  this  acid  cannot  be  obtained 
f^  fK>m  water.  It  does  not  comide  glass ;  but  when  evaporated  in  glass 
vessels,  the  production  of  free  hydrofluoric  acid  of  course  gives  rise  to 
ooiTosion* 

On  neutralizing  silico-hydrofluorie  acid  with  ammonia,  and  gently  evapo- 
rating to  dryness,  all  the  silicio  acid  is  rendered  insoluble.  By  exactl^^  neu- 
tralizmg  with  carbonate  of  potassa,  a  sparingly  soluble  double  fluoride  of 
siUcium  and  potassium  subsides.  The  precipitation  is  still  niore  com|deta 
with  chloride  of  barium,  when  the  insoluble  fluoride  of  silidum  and  barium 
is  generated.  A  variety  of  similar  compounds  may  be  obtained  either  by 
double  decomposition,  or  by  the  action  of  silico-hydraflnoric  add  on  melalUc 


CLASS  II. 

METALS,  THE  OXIDES  OF  WHICH  ARE  NEITHER 
ALKALIES  NOR  EARTHS, 

ORDER  L 

METALS  WHICH  DECOMPOSE  WATER  AT  A  RED  HEAT. 

SECTION  XL 

MANGANESE. 

Tm  black  oxide  of  manganese  was  described  in  the  year  1774  b^  Scheele 
as  a  peculiar  earth,  and  Gahn  subsequently  showed  that  it  contains  a  new 
ntfttal,  to  which  he  gave  the  name  of  nutgnetium  ;  a  term  since  applied  to 
the  metallic  base  of  magnesia,  and  for  which  the  words  manganenum  and 
mangmnutn  have  been  substituted.  This  metal,  owing  doubtless  to  its  strong 
affinity  for  oxygen,  iias  never  been  found  in  an  uncombined  state  in  the 
earth ;  but  its  oxides  are  very  abundant  The  metal  may  be  obtained  by 
forming  finely  powdered  oxide  of  manganese  into  a  paste  with  oil,,laying 
the  mass  in  a  Hessian  crucible  lined  with  charcoal,  luting  down  a  cover 
carefully,  and  exposing  it  during  an  hour  and  a  half,  or  two  hours,  to  the 
strongest  heat  of  a  smith's  forge. 

Manganese  u  a  hard  brittle  metal,  of  a  grayish-white  colour,  and  granu- 
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Ur  texture.  Iti  ipecifie  gmvity,  aeoordiagr  *©  J©^.  i»  8-®^3,  When  pwe 
it  is  not  attncted  hv  the  roaifnet  It  ii  tooeedingly  infonble,  requiring  the 
highest  heat  of  a  wind  furnace  for  fusion.  It  soon  tarnishes  on  exposure  to 
the  air,  and  absorbs  oxygen  with  rapidity  when  heated  to  redness  in  open 
vesseis.  It  slowly  deoomposes  water  at  common  temperatures  with  disen- 
fagemeot  of  hydrogen  m ;  but  at  a  red  heat  decomDosition  is  rapid,  and 
l^otoxide  of  manganese  is  ^nerated.  Decomposition  of  water  is  likewise  oc- 
casioned by  dilute  sulphuric  acid,  and  sulphi^  of  protoxide  of  manganese  is 
the  product 

Berzelius,  fiiom  an  analysis  of  chloride  of  manganese,  found  27.7  as  the 
equivalent  of  manganese,  a  number  which  agrees  closely  with  my  own  ex- 
periments on  the  same  chloride.  The  oomposition  of  the  compounds  of  man- 
ganese  described  in  this  section  is  as  fellows  :-^ 

EquiT. 


Manganese. 
Protoxide   27.7    1  eq..f  Oxygen  8 
Besqui- 
oxide 


Peroxide  27.7 
Bed  Oxide  83.1 
VarricitB  110.8 
Manga- 
nic  acid 
Perman. 

acid 
Proto- 
chloride 
Perchlo* 

ride. 
Perfluo. 

ride 
Protosul. 
phuret 
Cyanuret 


1 55.4     2eq.+4a.        24 


leq.=  35.7 
3eq.»i  79.4 


leq.+do. 
3eq..fdo. 
4eq.4-<lo. 


[27.7 

55.4 

[27.7 

[55.4 

[55.4 

[27.7 
27.7 


IS 
32 

56 

24 


2eq., 
4eq.. 
7eq- 


:  43.7 
ai5.1 
.166Jd 

=  51.7 


cormuuB. 
Mn^-Oor  Mn. 
2Mn+30orMB. 

MnJ.20€r  Mn. 
3Mn+40orMn«04. 
4Mo4.70orlCn«07. 

Mn^SOor  Hn. 


leq..fdo.        24       Seq.^ 

2eq.4.do.         56       7eq.=lli.4    2Mn+70or'Mn. 

1  eq.4.Chlor.    35.42  1  eq.s  63.12    Mn^-Cl  or  MnCL 

2 eq.-|.do.       247^4  7 eq.«;303.34  2Mn4.7aorMn*a7. 

2eq.4.Fluor.  130.76  7eq.»]86.l6  2Mn^.7For  MnsFr. 

1  eq.+Sulph.    161    1  eq«>  43.8      Mn  +S  or  Mn& 
1  eq.+Cyano.  26.39  1  eq.«  54.09    Mn^-Cy  or  MnCy. 

OXIDES  OF  MANGANESE. 

In  studying  metallic  oxides,  it  is  necessary  to  distinguish  oxides  formed 
by  the  direct  union  of  oxygen  and  a  metal,  from  those  that  consist  elf  two 
other  oxides  united  with  each  other,  and  which,  therefore,  in  composition, 
partake  of  the  nature  of  a  salt  rather  than  of  an  oxide.  An  instance  of  this 
kind  of  con^bination  is  supplied  by  the  black  oxide  of  iron ;  and  it  b  proba- 
ble that  two,  if  not  three,  of  the  five  compounds  enumerated  as  oxides  of 
manganese,  have  a  similar  constitution.  Their  comfxwition  has  been  par- 
ticularly  investigated  by  Benelius,  Dr.  Thomson,  (First  Principles,  L)  M. 
Arfwedson,*  M.  Berthier,f  and  royselft 

SiBS^toapiJ«.— *This  oxide  occurs  nearlr  pure  in  nature,  and  as  a  hydrate 
it  is  found  abundantly,  oflen  in  large  prumatic  crystals,  at  Jhlef«dd,  m  the 
Hartz.  It  may  he  formed  arti6ciaUy  by  exposing  peroxide  of  manganese 
fyr  a  considerable  time  to  a  moderate  red  heat,  and,  therefore,  is  the  chief 
residue  of  the  usual  process  for  procuring  a  supply  of  oxygen  gas;  but  it  is 
difficult  so  to  regulate  the  degree  and  duration  of  the  heat,  that  the  resulting 
oxide  shall  be  quite  pure. 

The  colour  of  the  sesquioxide  of  manganese  varies  with  the  source  from 
which  it  is  derived.  That  which  is  procured  by  means  of  heat  from  the  na. 
tive  peroxide  or  hydrated  sesquioxide  has  a  brown  tint ;  but  when  prepared 


*  Letter  from  Berzelius  in  the  An.  de  Ch.  et  de  Ph.  vi.  f  Ibid.  xx« 

I  Philps.  Trans,  of  Edin.  for  1^8;  or  Phil  Mag.  and  Annals,  iv. 
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from  nitrate  of  oxide  of  manganese,  it  ia  nearly  as  black  as  the  peroxide, 
and  the  native  sesquioxide  is  of  the  same  coloor.  With  sulphuric  and  hy- 
drochloric acids,  it  gives  rise  to  tbe  same  phenomenon  as  the  peroxide,  but 
of  course  yields  a  sroallor  proportional  quantity  of  oxygen  and  chlorine 
arajses.  It  is  more  easily  attacked  than  the  peroxide  by  cold  sulphuric  acid* 
With  strong  nitric  acid,  it  yields  a  soluble  protonitrate  and  the  peroxide,  as 
obserred  by  Bcrthier;  and  when  boiled  with  dilute  sulphuric  acid,  it  under- 
goes a  similar  change.  From  the  proportion  of  oxygen  and  manganese  in 
Uiis  oxide,  it  may  be  regarded  as  a  compound  of  43.7  parts  or  one  equiva- 
lent of  peroxide,  and  35.7  parts  or  one  equivalent  of  protoxide  of  manga- 
nese.   In  that  case  its  formula  would  be  Mn-}-Mn. 

Peroxide, — ^This  is  the  well-known  ore  commonly  called  from  its  colour 
black  oxide  of  manganese.  It  generally  occurs  massive,  of  an  earthy  ap- 
pearance, and  mixed  with  other  substances,  such  as  siliceous  and  aluminous 
earths,  oxide  of  iron,  and  carbonate  of  lime.  It  is  sometimes  found,  on  the 
contrary,  in  the  form  of  minute  prisms  grouped  togetlier,  and  radiating 
from  a  common  centre.  In  these  states  it  is  anhydrous;  but  the  essentiJ 
ingredient  of  one  variety  of  the  earthy  mineral,  called  i0a<2,  is  hydrated  per* 
oxide  of  manganese,  consisting  of  one  equivalent  of  water  and  two  of  the 
oxide.  The  peroxide  may  be  made  artificially  by  exposing  nitrate  of  oxide  <^ 
manganese  to  a  commencing  red  heat,  until  the  whole  of  the  nitric  acid  is 
expejlod;  but  I  have  never  succeeded  in  procuring  it  quite  pure  by  this  pro- 
cess, because  the  heat  required  to  drive  off  the  last  traces  of  acid,  likewise 
expels  some  oxygen  from  the  peroxide.  The  hydrated  peroxide,  containing 
one  equivalent  of  water  and  one  of  oxide,  is  formed  by  precipitating  the  pro* 
tochioride  of  manganese  by  chloride  of  lime ;  and  the  same  compound  re- 
sufts  from  the  decomposition  of  tbe  acids  of  manganese  either  in  water  or 
by  dilute  acid.  For  our  knowledge  of  this  hydrate  we  are  indebted  to  Bcr< 
thier. 

Peroxide  of  manganese  undergoes  no  change  on  exposure  to  the  air.  It  is 
insoluble  in  water,  and  does  not  unite  either  with  acids  or  alkalies.  When 
boiled  with  sulphuric  acid,  it  yields  oxygen  gas,  and  a  sulphate  of  the  proU. 
oxide  is  formed  (page  153.)  With  hydrochloric  acid,  chloride  of  manga- 
nese is  generated,  and  chlorine  b  evolved  (page  209.)  The  solution  in  both 
cases  is  of  a  deep-red  colour,  provided  undissolved  oxide  is  present ;  bat  if 
separated  from  the  undissolved  portions,  it  is  readily  rendered  colourless  l^ 
heat  The  colour  is  commonly  attributed  to  a  small  quantity  of  the  sesn 
quioxide  or  red  oxide  of  manganese  dissolved  by  the  free  acid;  but  Mr. 
pcarsall  of  Hull  has  gone  far  to  prove  that  it  is  owing  to  the  presence  of 
permanganic  acid.  (R.  Inst  Journal,  N.S.  No.  iv.49.)  The  action  of  sulpho-. 
ric  acid  in  tbe  cold  is  exceedingly  tardy  and  feeble,  a  minute  quantity  of 
oxygen  gas  is  slowly  disengaged,  and  the  acid  acquires  an  amethyst-red  tint 
On  exposure  to  a  red  beat  U  is  converted,  with  evolution  of  ojpygen  gas, 
into  the  sesquioxide  of  manganese.  (Page  153.) 

Peroxide  of  manganese  is  employed  in  tbe  arts,  in  the  manufkcture  of 

r'lass,  and  in  preparing  ciilorine  for  bleaching.  In  the  laboratory  it  is  used 
or  procuring  chlorine  and  oxygen  gaaesi  and  in  the  preparation  of  the  salts 
of  manganese. 

Proioxide.-^By  this  term  w  meant  that  oxide  of  manganese  which  is  a 
strong  salifiable  base,  is  contained  in  all  the  ordinary  salts  of  this  metal,  and 
which  appears  to  be  its  lowest  degree  of  oxidatioi).  This  oxide  may  be 
formed,  as  was  shown  by  Bertliier,  by  exposing  the  peroxide,  sesquioxide,  or 
red  oxide  of  manganese  to  tbe  combined  agency  of  charcoal  and  a  white 
heat;  and  Dr,  Forqhammcr,  in  tbe  Annals  of  Philosophy,  xvii.  52,  has  de- 
scribed an  elegant  mode  of  preparation,  by  exposing  cither  of  the  oxides  of 
manganese  contained  in  a  lube  of  glass,  porcelain,  or  iron,  to  a  current  of 
hydrogen  gas  at  nn  elevated  temperature.  The  best  material  for  this  pur. 
pose  is  the  red  oxide  prepared  from  nitrate  of  oxide  of  manganese ;  since  the 
pative  oxides,  especially  the  peroxide,  arc  fully  reduced  to  the  stftts  of  proU 

88* 


fa 


930  MAll04Miai« 

oxide  by  hydrogen  with  difficulty.  The  reduction  eommeoeee  at  a  low  red 
beat ;  but  to  decompose  all  the  red  oxide,  a  full  red  heat  ia  required.  The 
eame  compound  is  formed  by  the  action  of  hydrogen  ga«  at  an  interne  white 
heat.  Wohler  and  Liebig  have  shown  that  the  protoxide  is  also  obtained 
by  fusing  chloride  of  manganese  in  a  platinum  crucible  with  about  twice  its 
weight  of  carbonate  of  soda,  and  afterwards  dissolving  the  chloride  of  so- 
dium by  water. 

Protoxide  of  manganese,  when  pure,  is  of  a  light  green  colour,  very  near 
the  mountain  green.  According  to  Forchammer  it  attracts  oxygen  rapidly 
from  the  air ;  but  in  my  experiments  it  was  very  permanent,  undergoing  no 
change  either  in  weight  or  appearance  during  the  space  of  nineteen  days. 
At  wO^  it  is  oxidized  with  considerable  rapidity,  and  at  a  low  red  heat  is 
converted  in  an  instant  into  red  oxide.  It  sometimes  takes  fire  when  thus 
heated,  especially  when  the  mass  is  considerable.  It  unites  readily  with 
acids  without  effervescence,  producing  the  same  salts  as  when  the  same 
acids  act  on  carbonate  of  oxide  of  manganese.  When  it  comes  in  contaci 
with  concentrated  sulphuric  acid,  intense  heat  is  instantly  evolved ;  and  the 
•ame  phenomenon  is  produced,  tliough  in  a  less  degree,' by  strong  hydrochlo- 
ric acid. — ^The  resulting  salt  is  the  same  as  when  these  acids  are  heated 
witii  either  of  the  other  oxides  of  manganese.  If  quite  pure,  the  protoxide 
ihodld  readily  and  completely  dissolve  in  cold  dilute  sulphuric  acid,  and 
yield  a  colourless  solution. 

In  order  to  prepare  a  pure  salt  of  manganese  from  the  common  peroxide 
of  commerce,  either  of  the  following  processes  may  be  employed.  Hie 
impure  sesquioxide  left  in  the  process  for  procuring  oxygen  gas  from  the 
peroxide  by  heat,  is  mixed  with  a  sixth  of  its  weight  of  chsrooal  in  powder, 
and  exposed  to  a  while  heat  for  half  an  hour  in  a  covered  crucible.  The 
protoxide  thus  formed  is  to  be  dissolved  in  hydrochloric  acid,  the  solution 
evaporated  to  dryness,  and  the  residue  kept  for  a  quarter  of  an  hour  in  per- 
fect fusion;  being*  protected  as  much  as  possible  from  the  air.  By  this 
means  the  cMorides  of  iron,  calcium,  and  other  metals  are  decomposed. 

The  fused  chloride  of  manganese  is  then  poured  out  on  a  dean  sandstone, 
dissolved  in  water,  and  the  solution  separated  fVom  insoluble  matters  by  fil- 
tration. If  free  from  iron,  it  will  give  a  white  precipitate  with  ferrocyanuret 
of  potassium,  without  any  appearance  of  green  or  blue,  and  a  fleshosoloured 
precipitate  with  hydrosulphate  of  ammonia.  The  protoxide  is  thrown  down 
9B  a  white  carbonate  by  bicarbonate  of  potassa  or  soda ;  and  from  this  salt, 
after  being  well  washed,  all  the  other  salts  of  manganese  may  bo  prepared. 
The  other  method  of  forming  a  pure  chloride  was  suggested  bv  Mr.  Fara- 
day, and  consists  in  heating  to  redness  a  mixture  of  peroxide  of  manganese 
with  half  its  weight  of  hydrochlorate  of  ammonia.  Owing  to  the  volatility 
of  the  sal  ammoniac  it  is  necessary  to  apply  the  required  heat  as  rapidly  as 
possible,  and  tliis  is  best  done  by  projecting  the  mixture  in  small  portions  at 
a  time  into  a  crucible  kept  red-bot.  In  this  process  tho  chlorine  of  the  hy- 
drochloric acid  unites  with  the  metal  of  the  oxide  to  the  exclusion  of  every 
other  substance,  provided  an  excess  of  manganese  be  present  The  results 
ing  chloride  is  then  dissolved  in  water,  and  the  insoluUe  matters  separated 
by  filtration.   (Faraday  in  Quart  Journal,  vi.) 

In  preparing  manganese  of  great  purity,  the  operator  should  bear  in 
mind  that  the  precipitated  carbonate  sometimes  contains  hydrodiloric  acid. 
It  may  likewis3  contain  traces  of  lime;  for  oxalate  of  lime,  insoluble  as  it 
is  in  pure  water,  does  not  completely  subside  firom  a  strong  solution  of  chlo- 
ride of  manganese,  and,  therefore,  a  small  quantity  of  that  eartli  may  be 
present,  although  not  indicated  by  oxalate  of  ammonia. 

The  safts  of  manganese  are  in  general  colourless  if  quite  pare;  but  more 
fk'oauently  they  have  a  shade  of  pink,  owing  to  the  presence  of  a  little  red 
oxide  or  permanganic  acid.  The  protoxide  is  precipitated  from  its  solutions 
as  a  white  hydrate  by  ammonia,  or  the  pore  fixed  alkalies ;  as  white  carbo- 
nate of  protoxide  of  manganese  by  alkaline  carbonates  and  bicarbonates ; 
and  as  white  ferroeyanm'ot  of  manganese  by  ferrocyanuret  of  potaasilim,  a 
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character  by  which  the  absence  of  ircm  may  be  demomitrated.  Theee  white 
precipitates,  with  the  exception  of  that  obtained  by  means  of  a  bicarbonate, 
very  soon  become  brown  from  the  absorption  of  oxy^n.  None  of  the  salU 
of  manganese  which  contain  a  strong  acid,  such  as  the  nitric,  or  sulphuric, 
are  precipitated  by  hydrosulphuric  acid.  With  an  alkaline  bydrosulphate, 
o<n  the  contrary,  a  flesh-coloured  precipitate  is  formed,  which  is  a  by drated 
protosulphuret  of  manganese :  when  heated  in  close  vessels,  it  yields  a  dark* 
colonred  sulphuret,  and  water  is  evolved. 
Red  Oxide, — ^Tbe  substance  called  red  oxide  of  manganese  axidum  maU" 

rmo-mangametim  of  Arfwedson,  occurs  as  a  natural  production,  and  may 
formed  artificially  by  exposing  the  peroxide  or  sesquioxide  to  a  white 
heat  either  in  close  or  open  vessels.  It  is  also  produced  b^  absorptioa  of 
Qj^gen  from  the  atmosphere  when  the  protoxide  is  precipitated  from  its 
salts  by  pure  alkalies,  or  when  the  anhydrous  protoxide  or  carbonate  is 
heated  to  redness.  It  is  very  permanent  in  the  air,  not  passing  to  a  higher 
state  of  oxidation  at  any  temperature.  Its  colour  when  rubbed  to  the  sanae 
degree  of  fineness  is  brownish-red  when  cold,  and  nearly  black  while  warm. 
Fused  with  borax  oi  glass  it  communicates  a  beautiAil  violet  tint,  a  charac- 
ter by  which  manganese  may  be  easily  detected  before  the  blowpipe;  and  it 
is  the  cause  of  the  rich  colonr  of  the  amethyst  It  is  acted  on  by  strong 
solphnric  and  hydrochloric  acids,  with  the  aid  of  heat,  in  the  same  manner 
as  the  peroxide  and  sesquioxide,  but  of  course  yields  proportionally  a  small- 
er quantity  of  oxygen  and  chlorine  gases.  By  cold  concentrated  sulphuric 
acid  it  is  dissolved  in  small  quantity,  without  appreciable  disengagement  at 
oxygen  gas,  and  the  solution  is  promoted  by  a  slight  increase  of  tempera- 
ture. ITie  liquid  has  an  amethyst  tint,  which  disappears  when  heat  is  ap- 
plied, or  by  the  action  of  deoxidizing  substances,  such  as  protochloride  of 
tin,  or  sulphurous  and  phosphorous  acids,  sulphate  of  protoxide  of  manga^ 
nese  being  generated.  By  strong  nitric  acid,  or  when  boiled  with  dilute 
sulphuric  acid,  it  undergoes  the  same  kind  of  change  as  the  sesquioxide. 

It  may  be  doubted  whether  the  red  oxide  is  not  rather  .a  kind  of  salt  com- 
posed of*^  two  other  oxides,  than  a  direct  compound  of  manganese  and  oxy- 
gen.    From  the  ratio  of  its  elements  it  may  consist  either  of 

Scsqoioxide    .    79.4  or  one  eq.  >  J  Peroxide       .    43.7  or  one  eq. 

Protoxide       .    35.7  or  one  eq.  ^       ^       \  Protoxide      .    71.4  or  two  eq. 

115.1  115.1 

It  contains  37.586  per  cent  of  oxygen,  and  loses  6.896  per  cent  when  con- 
verted  into  the  green  oxide. 

Varvicite4 — ^This  compound  is  known  only  as  a  natural  production,  having 
been  first  noticed  a  few  years  ago  by  Mr.  Phillips  among  some  ores  of  man- 
ganese  found  at  Hartshill,  in  Warwickshire.  The  locality  of  the  mineral 
suggested  its  name ;  but  I  have  also  detected  it  as  the  constituent  of  an  ore 
of  manganese  from  Jblefeld,  sent  roe  by  Professor  Stromeyer.  VarvicitB 
was  at  first  mistaken  fi>r  peroxide  of  manganese,  to  which  in  the  colour  of 
its  powder  it  bears  considerable  resemblance ;  but  it  is  readily  distinguished 
fVom  that  ore  by  its  stronger  lustre,  greater  hardness,  more  lamellated  tex- 
ture, which  is  very  similar  to  that  of  manganite,  and  by  yielding  water 
fireely  when  heated  to  redness.  Its  sp.  gravity  is  4.531.  It  has  not  been 
found  regularly  crystallized ;  but  my  specimen  from  Jhlefeld  is  in  p§eudO' 
eryetaU,  possessing  the  form  of  the  six-sided  pyramid  of  calcareous,  spar. 
When  strongly  heated  it  is  converted  into  red  oxide,  losing  5.735  per  cent 
of  water,  and  7.385  of  oxygen.  It  is  probably,  like  the  red  oxide,  a  com. 
pound  of  two  other  oxides ;  and  the  proportions  just  stated  justify  the  sup- 
position that  it  consists  of  two  equivalents  of  peroxide  and  one  of  sesqui- 
oxide of  manganese,  united  in  the  mineral  with  an  equivalent  of  water. 
(Phil.  Mag.  and  Annals,  v.  209,  vi.  381,  and  vii.  284.) 

It  has  been  inferred  from  some  experiments  of  Beraelius  and  John,  that 
there  are  two  other  oxides  of  manganese,  which  contain  less  oxygen  than 
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the  green  or  protoxide.    We  have  no  prooi^  however,  of  the  ezistence  of 
eUch  compounds. 

ibtnganic  iictii-^Manjranei^  is  one  of  thoee  metab  which  ia  capable  of 
fbrming^  an  acid  with  oxygen.  Manganate  of  potaesa  is  generated  when 
hjdrate  or  carbonate  of  potassa  ia  heated  to  redness  with  peroxide  of  man- 
ganese; and  nitre  may  be  need  successfully,  provided  the  heat  be  high 
enoogh  to  decompose  the  nitrate  of  potassa.  The  roateriab  absorb  oxygen 
from  the  air  when  fused  in  open  vessels;  but  manganate  of  potassa  is  equal- 
ly well  formed  in  close  vessels,  one  portion  of  oxide  of  manganese  th^ 
supplying  oxygen  to  another.  The  product  has  been  long  known  under  the 
name  of  mtnsroi  cAamcIeon,  from  the  property  of  its  solution  to  pass  rapidly 
through  several  shades  of  colour:  on  the  first  addition  of  cold  water,  a 
green  eolation  is  formed  which  soon  becomes  blue,  purple,  and  red;  and 
ultimately  a  brown  flocoulent  matter,  hydrated  peroxide  of  niangfanese,  sub* 
•ides,  and  the  liquid  becomes  colourless.  These  changes,  which  are  more 
rapid  b;^  dilution  and  with  hot  water,  have  been  successively  elucidated 
by  Chevillot  and  Edwards,  Forchammer,  and  Mitscherllch.  (An.  de  Ch.  et 
do  Ph.  viii ,  and  xlix.  113,  and  An.  of  Phil,  xvi.) 

The  phenomena  above  mentioned  are  owing  to  tlie  formation  of  manga. 
Date  of  potassa  of  a  green  colour,  and  to  its  ready  conversion  into  the  red 
permanganate  of  potassa,  the  blue  and  purine  tints  being  due  to  a  mixture  of 
these  compounds.  Manganic  acid  itself  cannot  be  obtained  in  an  unconu 
binod  state,  because  it  is  then  resolved  into  the  hydrated  peroxide  and  oxy- 
gen, a  property  which  Mitscherlich  availedhimself  of  in  analyzing  this  acid ; 
but  Mitscherlich  has  proved  that  it  is  anal  gous  in  composition  to  sulphuric 
acid,  and  its  salts  isomorphous  with  the  sulphates.  Manganate  of  potassa 
is  obtained  in  crystals  by  forming  a  concentrated  solution  of  mineral  chame* 
leon  in  cold  water,  very  pore  and  free  from  carbonic  acid,  allowing  it  to 
subside  in  a  stoppered  bottle,  and  evaporating  the  clear  green  solution  in 
vacuo  with  the  aid  of  sulphuric  aeid.  All  contact  of  paper  and  other  organic 
nutter  must  be  carefully  avoided,  since  they  deoxidixe  the  acid,  and  the 
process  be  conducted  in  a  cool  apartment.  The  crystals  are  anhydrous,  - 
and  permanent  in  the  dry  state ;  but  in  solution  the  carbonic  acid  of  the 
air  suffices  to  decompose  the  acid,  or  even  simple  dilution  with  cold  water* 
Mixed  with  a  solution  of  potassa,  the  manganate  may  be  crystallixed  • 
second  time  in  vacuo  without  change. 

Permanganic  Acid. — ^This  acid  is  more  stable  than  the  manganic,  though 
itself  very  prone  to  decomposition.  Contact  with  paper  or  linen  as  in  filter* 
ing,  particles  of  cork,  organic  particles  floating  in  the  atmosphere  decompose 
it  rapidly ;  colouring  matters  are  bleached  by  it ;  and  in  pure  water  its  de- 
composition begins  at  86^,  and  b  complete  at  213^.  On  these  occasions 
oxygon  gas  is  abstracted  or  given  out,  and  hydrated  peroxide  of  manganese 
Bttbttdes.  The  acid  has  a  rich  red  colonr,  and  is  obtained  by  adding  to  a 
solution  of  permanganate  of  baryta,  a  quantity  of  dilute  sulphuric  acid  ez« 
actiy  sufficient  for  precipitating  the  baryta. 

The  salts  of  permanganic  acid  are  more  permanent  than  the  free  acid ; 
so  that  most  of  them  may  be  boiled  in  solution,  especially  if  concentrated. 
Permanganate  of  potassa  is  obtained  by  heating  a  green  sdotion  of  mineral 
chameleon  however  prepared ;  but  a  very  good  process  has  been  indicated 
by  Wohler.  (Pog.  Annalen,  xxviL  696.)  It  consists  in  fiising  chlorate  of 
potassa  in  a  platinum  crucible,  introducing  a  few  fragments  of  hydrate  of 
potassa,  and  then  adding  peroxide  of  manganese  in  fine  powder.  Mangai 
nate  of  potassa  is  instantly  formed ;  and  after  deoomposii^g  any  excess  of 
chlorate  of  potassa  by  a  red  heat,  the  soluble  parts  are  taken  up  in  pure 
watev,  the  manganate  converted  by  boiling  into  permanganate  of  potassa, 
and  the  hot  solution,  decanted  from  the  insoluble  oxide  of  manganese,  b  set 
aside  to  crvstallize.  As  the  permanganate  is  much  less  soluble  than  the 
chloride  of  potassium  in  cold  water,  toe  former  separates  in  opaque  prisma. 
tic  crystals,  and  the  latter  b  left  in  solution.  These  crystals  have  so  intense 
a  colour  that  they  appear  bUisk,  and  have  a  lustre  like  bronae  \  hot  their 


MAir«AflK8K.  333 

powder  has  a  |iQrple.red  tint  They  an  peimanent  at  eoniiMB  tenpera^ 
torn;  bat  when  heated  gwe  out  osyfon  'gmt,  and  toe  ieoon?erted  into 
manganate  of  potasaa.  They  deflag^te  like  nitre  with  ^uminff  chareoalt 
and  detonate  powerfuiiy  with  phoephome.  Their  eolour  in  ecSnlion  ia  a 
rich  purple,  and  a  amall  qnantity  of  the  ealt  imparts  this  oeloiir  to  a  fWr 
kige  quantity  of  water.  When  miaed  with  dilate  nitric  acid  lund  boiled, 
coygfcn  fTM  is  evoked,  and  hydraled  peroxide  of  man^puMee  subeideai  frem 
the  respeictife  qnantitiea  of  wliich  Mitaeherlich  ascerlaued  the  oompoaitieo 
of  the  acid.  In  addition  to  the  remarkable  analogy  which  ita  eonstitntina 
bean  to  perchloric  acad»  Mitaeherlich  finds  that  permanganate  and  nar* 
chlorate  of  potassa  are  ieomocphous,  an  observation  confirmed  by  Mr. 
Miller. 

PntoeUoride  of  Manganete^ — ^Tbis  oompomid  is  best  prepared  by  evapo- 
rating a  solution  of  the  chloride  to  dryness  by  a  gentle  beat,  and  heatinff  the 
resadae  to  redness  in  a  ^laas  tube,  while  a  current  of  hydrochloric  acid  gaa 
is  transmitted  through  it.  The  heat  of  e  spirit-lamp  is  sufficient  for  the 
purpose.  It  fiises  readily  at  a  rod  heat,  and  forms  a  pink-coloured  lamel- 
lated  mass  on  coding.  It  is  deliqiieaoent,  and  of  course  very  soluble  in 
water. 

'  PigwMeride  of  Misn^rontsetf—* Boaus  diseeeeted  this  eompoamd,  wiaoh  ia 
.readilf  formed  by  putting  a  aololion  of  perosanffanio  kato  atroag  aalphurio 
aeid,  and  then  addmg  inaed  aea^ait  The  ibydnochlorie  and  permangink 
acids  mntnally  deeeaapoae  eachmtber;  water  and  ^erehloride  ofwiaaygwaa 
are  generaled,  and  tbe  latter  eeoapes  in  the  fbroi  «f  vaipour.  The  beetnoda 
of  preparation  is  te  Arm  tiie  green  miaenfl  ehameleon,  and  adlMats  iritb 
•ali^Brio  aeid :  tbe  aoluriLien^  when  evaponded,  leav«a  a  vesidue  of  suipbate 
VM  parmanganalo  of  petesaa.  This  ariaturo,  treated  bv  etrong  snlphoria 
aeid,  yields  a  eolation  of  psormangank  sieid,  iaito  whldi  ave  added  somO 
ftagmewiB  of  >aea-sak,  aa  leng  an  eokorad  viapaar  oanlimaea  to  be  ovoH«l 
(Bdin.  ienm.  ef  Menee,  vul  179.) 

Tbe  percfaloride,  wben  Hvst  fovasod,  appeava  aa  a  i«pour  of  a  eopper  of 
gteePMh  oelenr ;  but  on  traversing  a  gtass  tube  oooled  to  S^  or  — 4<3,  it  is 
•ondeneed  iwto  a  gMenish4>rown  eoloured  liqaid.  When  generated  in  a 
eapaeioos  tobe,  its  vaipear  gmduaUv  dispiaoes  ttie  air,  and  soon  fills  the  tubei 
If  it  is  then  poured  into  a  large  flask,  the  sidsa  of  which  are  mmBt,4he  ooloor 
of  the  yntpour  changes  instantly  on  eoming  into  oentact  with  tbe  moiflftoro,  a 
denoe  amoke  of  «  prettr  roseotint  appears,  and  hydrochloric  end  permanga- 
aie  aeids  era  genenrted.  It  Is  hence  analogous  in  compoeitiaB  to  perman* 
gstnio  acid,  its  elementa  being  in  soeh  a  ratio  that 

1  eq.  perclilnride  and  7  eq.  water  S  1  eq.  permaoff.  aeifl  and  7  eq.  bydrochtorie  aeid. 
9Mn+7a  7(H+0)  t  2Mn+70  7(H+a). 

Pe^^IiierMieo/'dfafiMiiese.^This  gaseous  compound,  discovered  b^  Do. 
una  and  Wohler  (Edin.  Joorn.  of  £aence,  iz.),  is  beet  formed  by  mixing 
oommon  mineral  chaaaeleoa  with  half  its  weight  of  floor  spar,  and  deoonu 
poai^g  the  mixture  in  a  platinum  vessel  by  faming  sulphuric  acid.  Tho 
Aooride  is  then  disengaged  in  the  form  of  a  gteeniiui-yeUow  gas  or  vapour, 
of  a  moro  intensely  yellow  tint  than  chlorine.  When  miJBed  with  atrno* 
qiherie  air,  it  instantly  aoquires  a  beautiful  purple-red  colour;  and  itisfireely 
abaorbod  by  wator,  yielding  a  solution  of  the  same  red  tint.  It  acta  inatantly 
on  glaas,  with  formation  of  fluosilicic  acid  gas,  a  brown  matter  being  at  thie 
same  time  deposited,  which  becomes  of  a  deep  purple^red  tint  on  the  addi* 
ties  of  water. 

It  may  be  inferred  from  the  ezperimento  of  Wohler  tliat  this  yellow  cas  ia 
a  fluoride  of  manganese ;  that  when  mixed  with  water  both  oompouncb  are 
deoompoeed,  and  hydrofluoric  and  permanganic  acids  generated,  which  are 
diaaolvod;  that  a  similar  formation  of  the  two  acids  ensues  from  the  admix- 
ton  of  the  yeUow  gaa  with  atmoapheric  air,  owing  to  the  moisture  oontaiaed 
in  the  latter ;  and  that  by  contect  with  glass,  fluosilicic  aeid  gas  is  produced, 
and  aiibf  droos  permangajue  acid  deposited.    In  oonaeqoenoe  of  ite  acting 
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■o  powerfany  on  glaas,  its  other  propertiM  have  not  been  eioertuned;  Imt 
from  those  above  mentioned,  its  oompositioD  »  obviously  similar  io  tliat  of 
the  ffaseous  chloride  of  manganese. 

iVotosicipAtfrsI  of  BSanganeMt  may  be  procured  by  igniting  the  snlphate 
with  one-sixth  of  its  weight  of  charcoal  in  powder.  (Bertliier.)  It  is  also 
formed  by  the  action  of  hydpoenlphuric  acid  ^w»  on  the  protosolphate  at  a 
red  heat  (Arfwedson  in  Ann.  of  Phil.  voL  viL  N.  S.)  It  occurs  native  in 
Cornwall,  and  at  Nayga^  in  Transvlvania.  It  dissolves  completely  in  dilute 
solphoric  or  hydrocUoric  acid,  with  disengagement  of  very  pure  hydrosol. 
phoric  acid  gas. 


SECTION   XII. 

IRON. 

Iem  has  been  known  from  the  remotest  antiquity.  It  has  a  peculiar  gray 
oolour,  and  strong  metallic  lustre,  which  is  susceptible  of  being  heightoied 
by  polishing.  In  ductility  and  malleability  it  is  inferior  to  several  metals, 
bint  exceeds  them  all  in  tenacity.  (Pve  ftoSt,)  At  common  temperatures  it 
it  very  hard  and  unyielding,  and  its  hardness  may  be  increased  by  being 
iwated  and  then  suddenljr  cooled ;  but  it  is  at  the  same  time  rendered  brittle. 
When  heated  to  redness  it  is  remarkably  soft  and  liable,  so  that  it  may  be 
beaten  into  any  form,  or  be  intimately  moorporaled  or  weided  with  another 
pieoe  of  red-hot  iron  by  hammering.  Its  texture  is  fibrous.  Its  specifie 
gravity  may  be  estimated  at  7.7 ;  but  it  varies  slightly  aocordin|j^  to  the  de- 
cree with  which  it  has  been  rolled,  hammered,  or  drawn,  and  it  is  iuGreased 
by  fosion.  In  its  pure  state  it  is  exceedingly  infosible,  requiring  for  fusion 
the  highest  temperature  of  a  wind  fomaoe.  It  is  attracted  by  the  magnet, 
and  may  itself  be  rendered  permanently  magnetic  by  several  processes  ^^^^a 
property  of  great  interest  and  importance,  and  which  is  possessed  by  no 
other  metal  excepting  cobalt  and  nickd. 

The  occurrence  of  native  iron,  except  that  of  meteoric  origin,  which  al- 
ways  contains  nickel  and  cobalt,  is  exceedingly  rare ;  and  few  of  the  speci- 
mens said  to  be  such  have  been  well  attested.  In  combination,  however, 
especially  with  oxygen  and  sulphur,  it  is  abundant;  being  contained  in  ani- 
mals and  plants,  and  being  diffused  so  universally  in  the  earth,  that  there 
are  few  mineral  substances  in  which  its  presence  may  not  be  detected. 
Minerals  which  contain  iron  in  such  form,  and  in  such  quantity,  as  to  be 
employed  in  the  preparation  of  the  metal,  are  called  ores  of  iron  ;  and  of 
these  the  principal  are  the  following.  The  red  oxides  of  iron,  included 
under  the  name  of  red  hematite ;  the  brown  hematite  of  mineralogies,  con- 
sisting of  hydrated  peroxide  of  iron  ;  the  bUck  oxide,  or  magnetic  iron  ore ; 
and  oarbonate  of  protoxide  of  iron,  either  pure,  or  in  the  form  of  day  iron 
ore,  when  it  is  mixed  with  siliceous,  aluminous,  and  other  foreign  sub- 
stances.  The  three  former  occur  most  abundantly  in  primarv  dirtricts,  and 
supply  the  finest  kinds  of  iron,  as  those  of  Sweden  and  India;  while  day- 
iron  stone,  from  which  most  of  the  English  iron  is  extracted,  occurs  in  se- 
condary depositee,  and  chiefly  in  the  coal  formation. 

The  extraction  of  iron  from  its  ores  is  efiected  by  exposing  the  ore,  pre- 
viously roasted  and  reduced  to  a  coarse  powder,  to  the  action  of  charcoal  or 
ooke,  and  lime  at  a  high  temperature.  The  action  of  carbonaceous  matter  in 
depriving  the  ore  of  its  oxygen  is  obvious ;  and  the  lime  plays  a  part  equally 
important  It  acts  as  a  flux  by  combining  with  all  the  Impurities  of  the  ore, 
and  forming  a  fiisible  compound  called  a  dag.  The  whole  mass  behig  thus 
in  a  fused  state,  the  particles  of  reduced  metal  descend  by  reason  of  their 
greater  density,  and  edlect  at  the  bottom;  while  the  sUg  forms  a  stratum 


above,  proteetiiifr  the  melted  metal  from  the  aetion  of  the  air.  Thejatter, 
as  it  coUectB,  runs  oat  at  an  aperture  in  the  mde  of  the  furnace ;  and  the 
fused  iron  i»  let  off  by  a  hole  in  the  bottom,  which  was  prerioasly  filled  with 
sand.  The  process  is  nerer  successful  unless  the  flux,  together  with  the  im- 
purities of  the  ore,  are  in  such  proportion  as  to  constitute  a  fusible  com- 
pound.  The  mode  of  tcoomplishiog  this  object  is  learned  onlj  by  ezpe^ 
rience;  and  as  different  ores  commonly  differ  in  the  nature  or  quantity  of 
their  impurities,  the  workman  is  obliged  to  ^ary  his  flux  according  to  the 
composition  of  the  ore  with  which  be  operates.  Thus  if  the  ore  is  £ficient 
in  siliceous  matter,  sand  must  be  added ;  and  if  it  contain  a  large  quantity 
of  lime,  proportionally  less  of  that  earth  will  be  required.  Much  is  oflen  ac- 
complished by  the  admixture  of  different  ores  with  each  other.  The  slag 
consists  of  a  compound  of  earthy  salts,  similar  to  some  siliceous  minerak,in 
which  silicic  acid  is  combined  with  lime,  alumina,  magnesia,  protoxide  of 
manganese,  and  sometimes  oxide  of  iron.  The  most  usual  combination,  ac- 
cordmg  to  Mitscherlioh,  is  bisilicate  of  lime  and  magnesia,  sometimes  with 
a  little  protoxide  of  iron;  a  compound  which  he  has  obtained  in  crystals, 
baTing  the  precise  form  and  composition  of  pvroxen.  Artificial  minerals 
may  m  fact  by  such  processes  be  procured,  similar  in  form  and  composition 
to  those  which  occur  in  the  earth.  We  are  indebted  to  MitscherUcIi  for 
some  valuable  facts  on  this  subject,  (An.  de  Ch.  et  de  Ph.  xxiv.  355.) 

The  iron  obtained  by  this  process  is  the  cast  iron  of  commerce,  and  con- 
tains a  considerable  quantity  of  carbon,  unreduced  ore,  and  earthy  Bub> 
stances.    It  is  converted  into  soft  or  malleable  iron  by  exposure  to  a  strong 
heat  while  a  current  of  air  plays  upon  its  surface.    By  this  means  any  nn- 
decompoeed  ore  is  reduced,  earthy  impurities  rise  to  the  surface  as  slag, 
and  carbonaceous  matter  is  burned.    The  exposed  iron  is  also  more  or  less 
oxidized  at  its  surface,  and  the  resulting  oxide,  being  stirred  with  the  fused 
metal  below,  facilitates  the  oxidation  of  the  carbon.    As  the  purity  of  the 
iron  increases,  its  fusibility  diminishes,  until  at  length,  though  the  tempera- 
ture continue  the  same,  the  iron  becomes  solid.    It  is  then  subjected,  while 
still  hot,  to  the  operation  of  rolling  or  hammering,  by  which  its  particles  are 
approximated,  and  its  tenacity  greatly  increased.    It  is  then  the  malleable 
iron  of  commerce.  It  is  not,  however,  absolutely  pure ;  for  Berzclius  has  de- 
tected in  it  about  one-half  per  cent  of  carbon,  and  it  likewise  contains  traces 
of  silicium.    The  carbonaceous  matter  may  be  removed  by  mixing  iron 
filings  with  a  quarter  of  its  weight  of  bhick  oxide  of  iron,  and  fusing  the 
mixture,  confined  in  a  covered  Hessian  crucible,  by  means  of  a  blast  fur- 
nace.   A  little  powdered  green  glass  should  be  laid  on  the  mixture,  in  order 
that  the  iron  may  be  completely  protected  from  the  air  by  a  covering  of 
melted  fflass,  and  any  unreduced  oxide  dissolved.    But  the  best  and  readiest 
mode  of  procuring  iron  in  a  state  of  perfect  purity,  is  by  transmitting  hy- 
drogen gas  over  the  pure  oxide  heated  to  redness  in  a  tube  of  porcelain. 
The  oxygen  of  the  oxide  unites  with  hydrogen,  and  the  metal  is  led  in  the 
form  of  a  porous  spongy  mass.    Magnus  has  observed  that  the  reduction 
takes  phkce  at  a  heat  considerably  below  that  of  redness ;  and  that  when  the 
iron,  thus  reduced,  is  exposed  to  the  air,  it  takes  fire  spontaneously,  and  the 
oxide  is  instantly  reproduced.    This  singular  property,  which  Magnus  has 
also  remarked  in  nickel  and  cobalt  prepared  in  a  similar  manner,  appears  to 
depend  on  the  extremely  divided  and  expanded  state  of  the  metallic  mass ; 
.  for  when  the  reduction  is  effected  at  a  red  heat,  which  enables  tlie  metal  to 
acquire  ita  natural  degree  of  compactness,  the  phenomenon  is  not  observed. 
If  the  oxide  be  mixed  with  a  little  alumina,  and  then  reduced  at  a  red  heat, 
the  presence  of  the  earth  prevents  that  contraction  which  would  otherwise 
ensue :  the  metal  is  in  the  same  mechanical  condition  as  when  it  is  deqjci- 
diaed  at  a  low  temperature,  and  its  spontaneous  combustibility  is  preserved. 
But  iron,  in  its  ordinary  state,  has  a  strong  affinity  fi>r  oxygen.    In  a  per- 
fectly dry  atmosphere  it  undergoes  no  change ;  but  when  moisture  is  like* 
wise  present,  its  oxidation,  or  rtisling,  is  rapid.    In  the  first  part  of  the 
change  carbonate  of  protoxide  of  iron  is  generated  ;  but  the  protoxide  gra- 
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#aill7«puMfl  into  hydrtted  percnUe,  and  the  oariioiiie  add  at  tfae  mm»  tioM 
ia  enAred.  Rust  of  iron  always  contains  ammonia,  a  eircooMtanee  whidi 
indicates  that  the  oxidation  is  probably  accompanied  by  decompoaition  of 
miter;  and  M.  Cbevalier  has  obsenred  that  ammonia  is  a?8o  present  in  the 
native  oxides  of  iron.  Healed  to  redness  in  the  open  air,  iron  absorbs  oxy*. 
g;en  rapidly,  and  is  conTerted  into  Mack  scales,  called  the  hiack  oxide  of  iron ; 
and  in  an  atmosphere  ot  oxygen  guB  it  barns  with  nnd  scintillations^  It 
decomposes  the  vapoar  of  water,  by  unitin(|r  with  its  oxygen,  at  all  tempera* 
tores,  from  a  dull  red  to  a  white  heat ;  a  stngnlar  fact,  when  it  is  considered^ 
that,  at  the  very  same  temperatures,  the  oxides  of  iron  are  reduced  to  the  me* 
tallic  state  by  hydrogen  gas.  (Gay-Lussac  in  An.  de  Ch.  et  de  Physique,  i.  36L) 
These  opposito  effects,  various  instances  of  which  are  known  to  chemists, 
are  aocouniod  ibr  by  a  mode  of  reasoning  simflar  to  that  explained  on  a  for- 
mer  occasion.  (Page  IS  1.) 

The  equivalent  of  iron  has  not  yet  been  determined  with  accuracy.  From 
the  analysis  of  its  oxides  by  Berzelius,  Stromeyer,  and  Gay-Luasae,  it  may 
be  estimated  at  ^.16,  97.8,  and  28.3.  In  the  uncertainty  as  to  which  of 
these  numbers  is  fbe  most  accurate,  I  shall  continue  to  use  38,  the  number 
generally  adopted  in  this  country.  The  compo^tion  of  the  compounds  €f 
iron  described  in  this  section  is  as  follows : — 


Protoxide 

Peroxide 
Rack 

oxide 
,Proto- 

chloride 
Perchlo- 

ride 
Protio^ 
dide 
Periodide 
Protobro- 

mide 
Perbro^ 
mide 
Protofluo- 

ride 
Perfluo. 

ride 
Tetrasul- 
phuret 
Disulphu- 

ret 

Protosul- 

phuret 

ScMquisnl. 

phuret 

Bisdphu- 

ret 

Magnetic 
pyrites 

Diphos- 

phuret 
Perphos- 

phoiet 
Carburets. 


Iron. 

S8  1  eq.4-Oxy. 

56  2  eq^da 
)  Protoxide  .  . 
[  Peroxide      .    . 


24 

36 
80 


leq. 

3eq. 

leq.) 

leq.J 

28  1  eq.+Ch]or.    .35^  1  eq. 
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Equiv.  Formule. 

s  36  Fe+O  or  Fe. 

=  80  2Fe+30  or  fe. 

«116  ^e+fe. 

a  63.42    Fe+Cl  or  Fed 

.162.26  2Fe-|-3a  or  Fe^Cl^. 

»154.3      Fe+l  or  FeL 
:=434.9    2Fe4-3IorFe>l3. 
»10&4      Fe+BrorFeBr. 

3291.2    2Fe+3ft^orFesBr3. 

«  46.68    Fe+F  or  FeF. 

ai2.04  2Fe-|-3F  or  Fe*F3. 

Bl28a    4Fe+&orFr*S. 

»  79.1    2Fe+SorFrS. 

=  44.1      Fe4-8  or  FeS. 

a043    2Fe+3SorFe»Ss. 

»  60.2      Fe+9SorFeS<. 


56  2  oq^-Phoap.  15.7 

I     84  3eq.+do.       62^    4  eq.    » 
Constitution  not  determined. 


280.7     5FeS+FcS«. 

:  71.7    2Fc+PorFe»P. 
14&8    3Fe+4PorFesp4. 
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Iron.  Equi7.      Forroulie. 

^noiS^  1  ^  *  «q.+Cyan.  26.39  1  eq.=54.39  Fe+Cy  or  FeQf. 

ph^yi^u-  i  28  1  eq.<s^ph.^!2^(^®^^  1  eq.= 86.59  Fe+CyS«. 
S^y^u.  I  56  2  eq.  j  ^^"I^JP^^f  1 175,77  3  eq.=23l.77  2Fe+3CyS2. 

OXIDES  OF  IRON. 

Protoxide. — ^Thu  oxide  is  the  base  of  the  native  carbonate  of  iron,  and  of 
the  green  vitriol  of  commeroe.  Its  existence  was  inferred  some  years  ago 
by  Gay-Lussac ;  (An.  de  Ch.  vol.  Ixxx.)  but  it  is  doubtful  if  it  has  ever  been 
obtained  in  an  insulated  form.  Its  salts,  particularly  when  in  solution,  ab- 
sorb oxygen  from  the  atmosphere  with  such  rapidity  that  they  may  even  be 
employed  in  eudiometry.  This  protoxide  is  always  formed  with  evolution  of 
hydrogen  gas  when  metallic  iron  is  put  into  dilute  sulphuric  acid ;  and  its 
composition  may  be  determined  by  collecting  and  measuring  the  gas  which 
is  disengaged. 

Protoxide  of  iron  is  precipitated  from  ils  salts  as  a  white  hydrate  by  pure 
alkalies,  as  a  white  carbonate  by  alkaline  carbonates,  and  as  a  white  ferro- 
cyanuret  by  ferrocyanuret  of  potassium.  The  two  former  precipitates  be- 
come first  green  and  then  red,  and  the  latter,  green  and  blue  by  exposure  to 
the  air.  The  solution  of  gall-nuts  produces  no  change  of  colour.  Hydro- 
sulphuric  acid  does  not  act  if  the  protoxide  is  united  with  any  of  the  stronger 
acids ;  but  alkaline  hydrosulphates  cause  a  black  precipitate,  protosulphu- 
rct  of  iron. 

Peroxide. — The  red  or  peroxide  is  a  natural  product,  known  to  mineralo- 
ipsts  under  the  name  of  red  hamalite.  It  sometimes  occurs  massive,  at  other 
times  fibrous,  and  occasionally  in  the  form  of  beautiful  rhomboidal  crystals. 
It  may  be  made 'Chemically  by  dissolving  iron  in  nitro-hydrochloric  acid, 
and  adding  an  alkali.  The  hydrate  of  the  red  oxide  of  a  brownish-red  co- 
lour subsides,  which  is  identical  in  composition  with  the  mineral  called 
brown  /urmatUe^  and  consists  of  60  parts  or  one  equivalent  of  the  peroxide, 
.and  18  parts  or  two  equivalents  of  water. 

Peroxide  of  iron  is  not  attracted  by  the  magnet.  Fused  with  vitreous 
substances,  it  communicates  to  them  a  red  or  yellow  colour.  It  combines 
whh  most  of  the  acids,  forming  salts,  the  greater  number  of  which  are  red. 
Its  presence  may  be  detected  by  ycry  decisive  tests.  The  pure  alkalies, 
fixed  or  volutile,  precipitate  it  as  the  hydrate.  Alkaline  carbonates  have  a 
similar  effect,  peroxide  of  iron  not  forming  a  permanent  salt  with  carbonic 
acid.  With  ferrocyanuret  of  potassium  it  forms  Prussian  blue.  Sulphocya- 
nuret  of  potassium  causes  a  deep  blood-red,  and  infusion  of  gall-nuts,  a  black 
colour.  Hydrosulphuric  acid  converts  the  peroxide  into  protoxide  of  iron, 
with  deposition  of  sulphur.  These  reagents,  and  especially  ferrocyanuret 
and  sulphocyanuret  of  potassium,  afford  an  unerring  test  of  the  presence  of 
minute  quantities  of  peroxide  of  iron.  On  this  account  it  is  customary,  in 
testing  for  iron,  to  convert  it  into  the  peroxide,  an  object  which  is  easily  ac- 
complished by  boiling  the  solution  with  a  small  quantity  of  nitric  acid. 

Black  Oxide. — ^This  substance,  the  oxidum  ferroso-ferricum  of  Berzelius, 
longr  supposed  to  be  protoxide  of  iron,  contains  more  oxygen  than  the  pro- 
toxide,  and  less  than  the  red  oxide.  It  cannot  be  regarded  as  a  definite 
compound  of  iron  and  oxygen ;  but  it  is  composed  of  the  two  real  oxides 
united  in  a  proportion  which  is  by  no  means  constant.  It  occurs  native, 
frequently  crystallized  in  the  form  of  a  regular  octohedron ;  and  it  is  not  only 
attracted  by  the  magnet,  but  is  itself  sometimes  magnetic.  It  is  always 
formed  when  iron  is  heated  to  redness  in  the  open  air ;  and  is  likewise  gene- 
rated by  the  contact  of  watery  vapour  with  iron  at  elevated  temperatures. 
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The  composition  of  the  product,  howcTcr,  Tariei  with  the  doration  of  the 
process  and  the  temperature  which  is  employed.  Thus,  according  to  Buch- 
noh,  Ber»Uos,  and  Thomson,  100  parts  of  iron,  when  oxidized  by  steam, 
unite  with  nearly  30  of  oxygen ;  whereas  in  a  similar  experiment  performed 
by  Gay-Luasac,  37.8  parts  of  oxygen  were  absorbed.  The  oxide  of  Gay* 
Luasae  has  the  composition  stated  in  the  table ;  and  Berzelius  thinks  that  of 
magnetic  iron  ore  to  be  similar.  M.  Mosander  states,  that  on  heating  a  bar 
of  iron  in  the  open  air,  the  outer  layer  of  the  scales  contains  a  greater  qoaii- 
tity  of  peroxide  than  the  inner  layer.  The  former  consists  of  one  equivalent 
of  peroxide  to  four  of  the  protoxide,  and  in  the  latter  are  contained  one  equi- 
valent of  peroxide  to  six  equivalents  of  protoxide.  The  inner  layer  seems 
uniform  in  composition ;  but  the  outer  is  variable,  its  more  exposed  parts 
being  richer  in  oxvgen. 

The  nature  of  the  black  oxide  is  farther  elucidated  by  the  action  of  acids; 
On  digesting  the  black  oxide  in  sulphuric  acid,  an  olive^M>lottred  solution  is 
formed,  containing  two  salts,  sulphate  of  the  peroxide  and  protoxide,  which 
may  be  separated  from  each  other  by  means  of  alcohol.  (Proust  and  Gay- 
Lussac.)  The  solution  of  these  mixed  salts  gives  green  precipitates  with 
alkalies,  and  a  very  deep  blue  ink  with  infusion  of  gall-nuts.  The  Uaek 
oxide  of  iron  is  the  cause  of  the  duU  green  colour  of  Iwttle  glass. 

Protochloride  of  Iron, — This  compound  is  formed  by  transmitting  dry- 
hydrochloric  acid  gas  over  iron  at  a  red  heat,  when  hydrogen  gas  is  evolved 
and  the  surfac  •  o(  the  iron  is  covered  with  a  white  crystalline  protochloride 
which  at  a  stronger  heat  is  sublimed.  Also,  on  acting  with  hydrochlorie 
acid  on  iron,  which  is  dissolved  with  evolution  of  hydrogen  gas,  evaporattng 
to  dryness,  and  heating  to  redness  in  a  tube  without  exposure  to  the  air,  a 
gray  crystalline  protochloride  is  left ;  but  it  contains  some  protoxide  formed 
bv  an  interchange  of  elements  between  the  last  portions  of  water  and  (he 
chloride,  hydrochloric  acid  being  also  generated. 

Protochloride  of  iron  dissolves  freely  in  water,  yielding  a  pale  g^reen  solu- 
tion,  from  which  rhomboidal  prisms  of  the  same  colour  are  obtained  by 
evaporation.  The  crystals  contain  several  equivalents  of  water  of  crystaUi- 
zation,  deliquesce  by  exposure  to  the  air,  owing  to  the  formation  of  perchlo- 
ride,  and  are  soluble  in  alcohol  as  well  as  water.  The  aqueous  solution  ab- 
sorbs oxygen  from  the  air,  and  becomes  yellow  from  the  formation  of  perchlo- 
ride  of  iron :  one  portion  of  iron  takes  oxygen  from  the  air,  and  yields  its 
chlorine  to  another  portion  of  iron,  whereby  perchloride  and  peroxide  of  iron 
are  generated,  and  the  latter  falls  as  an  ochreous  sediment  combined  with 
some  of  the  perchloride.  A  solution  of  the  protochloride  of  iron  dissolvea 
binoxide  of  nitrogen  with  the  same  phenomena  as  the  protosulphaie  (page 
178),  a  circumstance  favourable  to  the  view  entertained  by  many  that 
protochloride  of  iron  is  converted  by  water  into  hydrochlorate  of  the  pro- 
toxide. 

Perchloride  of  Iron. — It  is  formed  by  the  combustion  of  iron  wire  in  dry 
chlorine  gas,  and  by  transmitting  that  gas  over  iron  moderately  heated ;  when 
it  is  obtained  in  small  iridescent  plates  of  a  red  colour,  which  are  volatile 
at  a  heat  a  little  above  2 12^  deliquesce  readily,  and  dissolve  in  water,  alcohol, 
and  ether.  On  agitating  ether  with  a  strong  aqueous  solution  of  the  per- 
chloride, the  ether  abstracts  a  part  of  it,  and  acquires  a  gold-yellow  colour. 
The  readiest  mode  of  obtaining  a  solution  of  the  perchloride  is  to  dissolve 
peroxide  of  iron  in  hydrochloric  acid.  On  concentrating  to  the  consistence 
of  syrup  and  cooling,  it  separates  as  red  crystals,  which  by  distillation  jield 
at  first  water  and  h vdrochloric  acid,  and  then  anhydrous  perchloride  of  iron, 
leaving  a  compound  of  peroxide  and  perchloride  of  iron  in  crystalline  lamine. 
The  formation  of  peroxide  appears  due  to  an  interchange  of  elements  be. 
tween  it  and  water.  The  same  kind  of  interchange  ensues  between  the 
vapours  of  water  and  the  perchloride  at  a  high  temperature;  and  this  is  pro- 
bably the  source,  as  Mitscherlich  suggests,  of  the  crystals  of  peroxide  of 
iron  found  in  volcanic  products. 

PrUiodide  of  Iron. — ^It  exists  as  a  pak  green  soluticn  when  iodine  is  di- 
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getted  with  water  and  iron  wire,  the  latter  bein  jr  in  excess ;  and  on  evapo- 
rating the  solution,  without  exposure  to  the  air,  to  dryness,  and  heating  mode- 
rately, the  protiodide  is  fused,  and  on  cooling  becomes  an  opaque  crystalline 
mass  of  an  iron.gray  colour  and  metallic  lustre.  It  is  deliquescent  and  very 
soluble  in  water  and  aleohol.  Its  aqueous  solution  attracts  oxygen  rapidly 
from  tlie  air,  undergoing  the  same  kind  of  change  as  the  protochloride :  to 
preserve  a  solution  of  protiodide  as  such,  a  long  piece  of  iron  wire  should  be 
kept  permanently  in  the  liquid.  This  compound  has  been  very  succesdully 
employed  in  medical  practice  by  my  colleague  Dr.  A.  T.  Thomson. 

The  periodide^  of  a  yellow  or  orange  colour  according  to  the  strength  of 
the  solution,  is  obtained  by  freely  exposinsr  a  solution  of  uie  protiodide  to  the 
air,  or  digesting  iron  wire  with  excess  of  iodine,  gently  evaporating,  and  sub- 
liming the  periodidc.  It  is  a  volatile  red  compound,  deliquescent,  and  solu- 
ble in  water  and  alcohol. 

The  bromideMof'iTon  are  formed  nnder  similar  conditions  to  the  chlorides 
and  iodides,  and  are  very  analogous  to  them  in  their  properties. 

Prstqfluoride  of  Iron  is  best  prepared  by  dissolving  iron  in  a  solution  of 
hydrofluoric  acid,  out  of  which  it  crystallizes  as  the  acid  becomes  saturated, 
in  small  white  square  tables,  which  are  sparingly  soluble  in  water,  and  be- 
come pale  yellow  by  the  action  of  the  air.  By  heat  they  part  with  their 
water  of  crystallization,  and  afterwards  bear  a  red  heat  without  decomposi- 
tion. (Berzelius.) 

The  perfluoride  is  formed  by  dissolving  peroxide  of  iron  in  hydrofluoric 
acid,  and  yields  a  colourless  solution  even  when  saturated.  By  evaporation 
it  is  left  as  a  crystalline  mass  of  a  pale  flesh-colour,  and  of  a  mild  astringent 
taste.     It  is  sparingly  soluble  in  water. 

SulpkureU  of  Iron. — ^These  elements  have  for  each  other  a  remarkably 
strong  affinity,  and  unite  under  various  circumstances  and  in  several  propor- 
tions. The  two  lowest  degrees  of  sulphurationt  the  tetratulphuret  ana  ditul- 
jikuret,  were  prepared  by  Arfwedson  by  transmitting  a  current  of  hydrogen 
gas,  at  a  red  heat,  over  the  anhydrous  disulphate  ef  peroxide  of  iron  to  pro- 
cure the  tetrasulphuret,  and  over  anhydrous  sulphate  of  protoxide  of  iron  for 
the  disulphuret  In  both  cases  sulphurous  acid  and  water  are  evolved,  and 
the  resulting  sulphurets  are  lefl  as  grayish-black  powders,  susceptible  of  a 
metallic  lustre  by  friction.  They  both  dissolve  in  dilute  sulphuric  acid  with 
evolution  of  hydrogen  and  hydrosutphuric  acid  gases. 

Prolosulpkuret  of  Iron  is  prepared  by  heating  thin  lamiiiCB  of  iron  to  red- 
ness with  sulphur  in  a  covered  Hessian  crucible,  and  continuing  the  heat 
until  any  excess  of  sulphur  is  expelled.  The  \toi\  is  found  with  a  crust  of 
protosulphuret,  which  is  brittle,  of  a  yellowish-gray  colour  and  metallic  lustre, 
and  is  attracted  by  the  magnet.  When  pure  it  is  completely  dissolved  by 
dilute  sulphuric  acid,  yielding  pure  hydrosulphuric  acid.  The  protosulpbu- 
ret  of  iron  exists  in  nature  as  an  ingredient  in  variegated  copper  pyrites ; 
and  it  falls  on  mixing  hydrosniphate  of  ammonia  with  sulphate  of  protoxide 
of  iron  as  a  black  precipitate,  which  oxidizes  rapidly  by  absorbing  oxygen 
from  the  air,  as  soon  as  the  excess  of  hydrosulphate  of  ammonia  is  removed 
by  washing. 

The  teoquioulphur^  is  formed  in  the  moist  way  by  adding  perchloride  of 
iron  drop  by  drop  to  hydrosulphate  of  ammonia  or  sulphuret  of  potassium 
in  excess,  and  falls  as  a  black  precipitate,  which  is  oxidized  readily  bv  the 
air.  In  the  dry  way  it  is  slowly  produced  by  the  action  of  hydrosulphuric 
acid  gas  on  peroxide  of  iron  at  a  heat  not  exceeding  212^,  water  being  also 
fbrmed ;  and  by  the  action  of  the  same  gas  on  the  hydrated  peroxide  at 
common  temperatures.  This  sulphuret,  when  anhydrous,  has  a  yellowish- 
gray  colour,  is  not  attracted  by  the  magnet,  and  dissolves  in  dilute  sulphuric 
or  hydrochloric  acid,  yielding  hydrosulphuric  acid  and  a  residue  of  bisul- 
phuret  of  iron.  (Berzelius.) 

Bi9ulphurf.t  of  Iron^  iron  pyrites  of  mineralogists,  exists  abundantly  in 
the  earth.  It  occurs  in  cubes  or  some  allied  form,  has  a  yellow  colour, 
metallic  Instre,  a  density  of  4981,  and  is  so  hard  that  it  strikes  fire  with 
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steel.  Some  varietiei  hare  a  white  colour;  but  theee  usually  coDtaia 
arsenic.  Others  occur  in  rounded  nodules,  have  a  radiated  structure 
divergent  from  a  common  centre,  are  oflcn  found  in  beds  of  clay,  and  are 
much  disposed  by  the  in&uence  of  air  and  moisture  to  yield  sulphate  of 
oxide  of  iron :  these  are  suspected  by  Berzelius  to  be  compounds  of  proto- 
•ulphuret  and  bisulphurct  of  iron. 

Ksulphuret  of  iron  is  not  attacked  by  any  of  the  acids  except  the  nitric, 
and  its  best  solvent  is  the  nitro-hydrochloric  acid.  Heated  in  clo^  vessek 
it  gives  off  nearly  half  its  sulphur,  and  is  converted  into  magnetic  iron 
pyrites.     By  heat  and  air  together  it  yields  peroxide  of  iron. 

Magnetic  Iron  Pyrites, — This  is  a  natural  product,  termed  magnetic 
pyrites  from  being  attracted  by  the  magnet,  and  was  formerly  regarded  as 
protosulphuret  of  iron ;  but  Stromeyer  has  shown  that  its  elements  are  in 
such  a  ratio,  that  it  may  be  regarded  as  a  compound  of  bisulphurct  and  pro- 
tosulphuret. It  is  formed  by  heating  the  bisulphurct  to  redness  in  close 
vessels,  by  fusing  iron  filings  with  half  their  weight  of  sulphur,  or  by  rub- 
bing sulphur  upon  a  rod  of  iron  heated  to  whiteness.  It  is  soluble  in  dilute 
sulphuric  acid,  yielding  hydrosulphuric  acid  gas  and  a  residue  of  sulphur. 
It  is  much  more  oxidable  by  air  and  moisture  than  the  pure  bisulphurcL 

Diphosjfhuret  of  Iron. — It  ia-  prepared  by  ei posing  the  pliosphate  of  pro- 
toxide of  iron  to  a  strong  heat  in  a  covered  crucible  lined  with  charcoal, "the 
excess  of  phosphorus  being  dissipated  in  vapour.  It  is  a  fused  granuUu? 
mass,  of  the  cdour  and  lustre  of  iron,  but  very  brittle,  and  is  not  attacked 
by  hydrochloric  acid.  It  is  sometimes  contained  in  metallic  iron,  to  the 
properties  of  which  it  is  very  injurious  by  rendering  it  brittle  at  common 
temperatures. 

The  perpho&pkuret  has  been  obtained  by  Rose  by  the  action  of  phosphu- 
retted  hydrogen  gas  on  sulphuret  of  iron  at  a  moderate  temperature,  and 
resembles  the  former  in  its  properties. 

Carburets  of  Iron, — Carbon  and  iron  unite  in  very  various  proportions; 
but  there  are  three  compounds  very  distinct  from  each  otiier — ^namely* 
graphite,  cast  or  pig  iron,  and  steeL 

Graphite,  also  known  under  the  name  of  plumbago  and  black4ead,  occurs 
not  unfrequently  as  a  mineral  production,  and  is  found  in  great  purity  at 
Borrowdale  in  Cumberland.  It  may  be  made  artificially  by  exposing  iron 
with  excess  of  charcoal  to  a  violent  and  long-continued  heat ;  and  it  is  oom^ 
monly  generated  in  small  quantity  during  the  preparation  of  cast  iroo. 
Pure  specimens  contain  about  four  or  five  per  cent  of  iron,  but  sometimes 
its  quantity  amounts  to  10  per  cent.  Most  chemists  believe  tlie  iron  to  be 
chemically  united  with  the  charcoal;  but  according  to  the  researches  of  Dr* 
Karsten  of  Berlin,  native  graphite  is  only  a  mechanical  mixture  of  charcoal 
and  iron,  while  artificial  graphite  is  a  real  carburet. 

Graphite  is  exceedingly  unchangeable  in  the  air,  and  like  charcoal  is  a.U 
tacked  with  difficulty  by  chemical  reagents.  It  may  be  heated  to  any  ex- 
tent in  close  vesseb  without  change ;  but  if  exposed  at  ihe  same  time  to 
the  air,  its  carbon  is  entirely  consumed,  and  oxide  of  iron  remains.  It  has 
an  iron-gray  colour,  metallic  lustre,  and  granular  texture;  and  it  is  soft  and 
unctuous  to  the  touch.  Its  chief  use  is  in  the  manufacture  of  pencils  and 
crucibles;  and  in  burnishing  iron  to  protect  it  from  rust. 

Cast  iron  is  the  product  of  the  process  for  extracting  iron  from  its  ores,, 
and  is  commonly  regarded  as  a  real  compound  of  iron  and  charcoal.  It 
always  contains  impurities,  such  as  charcoal,  undecomposed  ore,  and  earthy 
matters,  whidi  are  oflcn  visible  by  mere  inspection;  and  sometimes  traces 
of  chromium,  manffanese,  sulphur,  phosphorus,  and  arsenic  are  present  It 
fuses  readily  at  2786°  F.  (Danicll),  which  is  a  full  red  heat,  and  in  cooUnpr 
it  acquires  a  crystalline  granular  texture.  The  quality  of  different  speci- 
mens is  by  no  means  uniform;  and  two  kinds,  white  and  gray  cast  iron,  are 
in  particular  distinguished  from  each  other.  The  former  is  exceedingly 
hard  and  brittle,  sometimes  breaking  like  glass  from  sudden  change  of  tern- 
perative;  vhUe  the  latter  is  soAer  and  much  more  tenacious.    This  diffei:- 
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ence  appears-  owing  to  the  mode  of  combination,  rather  than  to  a  difference 
in  the  proportion  of  carbon;  for  the  white  variety  may  be  converted  into  ihe 
gray  by  exposure  to  a  strong  heat  and  cooling  slowly,  and  the  gray  may  be 
changed  into  the  while  by  being  heated  and  rapidly  cooled.  According  to 
Karsten^  the  carbon  of  the  latter  is  combined  with  the  whole  mass  of  iron,, 
and  amounts  as  a  maximum  to  5.25  per  cent ;  but  in  some  specimens  its 
proportion  is  considerably  less.  The  former,  on  the  contrary,  contains  from 
3.15  to  4.65  per  cent  of  carbon,  of  which  about  three-fourths  are  in  th6 
state  of  graphite,  and  are  lefl  as  such  ader  the  iron  is  dissolved  by  acids ; 
while  the  remaining  fourth  is  in  combination  with  the  whole  mass  of  metal* 
constituting  a  carburet  which  is  very  similar  to  steel.  Gray  cast  iron  may 
hence  be  regarded  as  a  kiud  of  steel,  in  which  graphite  is  mechanically 
mixed. 

Steel  is  commonly  prepared  in  this  country  by  the  process  of  cementa- 
tion, which  consists  in  filling  a  large  furnace  witli  alternate  strata  of  bars  of 
the  purest  mallcabTc  iron  and  powdered  charcoal,  closing  every  aperture  so 
as  perfectly  to  exclude  atmo8pheric  air,  and  keeping  the  whole  during  seve^ 
ral  days  at  a  red  heat.  By  this  treatment  the  iron  gradually  combines  with 
from  1.3  to  1.75  per  cent,  of  carbon,  its  texture  is  greatly  changed,  and  its 
surface  is  blistered.  It  is  subsequently  hammered  at  a  red  heat  into  small 
bars,  and  may  be  welded  either  with  other  bars  of  steel  or  with  malleable 
iron.  Mr.  Mackintosh  of  Glasgow  has  introduced  an  elegant  process  of 
formin?  steel  by  exposing  heated  iron  to  a  current  of  coal  gas;  wlien  carbup* 
retted  hydrogen  is  decomposed,  its  carbon  enters  into  combination,  with 
iron,  and  hydrogen  gas  is  evolved. 

In  ductility  and  malleability  it  is  far  inferior  to  iron;  but  exceeds  k 
greatly  in  hardness,  sonorousness,  and  elasticity.  Its  texture  is  also  more 
compact,  and  it  is  susceptible  of  a  higher  polish.  It  sustains  a  full  red  beat 
without  fusing,  and  is,  therefore,  less  fusible  than  cast  iron ;  but  it  is  much 
more  so  than  malleable  iron.  By  fusion  it  forms  cast  steel,  which  is  more 
uniform  in  composition  and  texture,  and  possesses  a  closer  grain  than  ordi- 
nary steel. 

Protocyanuret  of  Iron. — This  compound  is  obtained  as  a  yellow  hydrate 
by  mixing  in  solution  cyandVet  of  potassium  with  sulphate  of  protoxide  of 
iron ;  but  by  the  action  of  the  air,  it  passes  into  Prussian  blue.  Berzclius 
obtains  it  as  a  yellowish -gray  powder  by  heating  in  a  tube  the  double 
cyanuret  of  iron  and  hydrocyanate  of  ammonia  until  the  latter  is  ex- 
pelled. 

Proto9ulphoeyanuret  of  /ron.—- Hydrosulphocyanic  acid  dissolves  iron 
with  evolution  of  hydrogen  gas,  yielding  a  pale  green  solution,  which  may 
be  obtained  in  a  dry  state  by  evaporation  in  vacuo^  Atmospheric  oxygen 
reddens  it  rapidly,  and  an  ochrcous  sediment  falls. 

Sesquisulphocyanuret  of  Iron. — ^This  compound^  of  a  blood-red  colour,  is 
formed  by  mixing  in  solution  any  salt  of  the  peroxide  of  iron  with  sulpho-. 
cyanuret  of  potassium,  its  intense  colour  affording  a  very  delicate  test  of 
iron  (page  277).  By  dissolving  hydrated  peroxide  of  iron  in  hydrosulpbo- 
cyanic  acid,  aod  evaporating,  the  sesquisulphocyanoret  is  obtained  as  a  ledi 
mass,  deliqueflceot^  and  soluble  in  water  and  alcohoL 
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ZINC— CADMIUM 

ZINC. 

Thm  metal  was  first  mentioned  under  the  term  einetum  ih  the  sixteentii 
century  by  Faracelsos;  but  it  was  probably  known  at  a  much  evlier  period. 
-  89* 
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In  commeroe  it  is  often  called  Bpelter,  and  \m  obtained  either  from  calamine^ 
native  carbonate  of  zinc,  or  from  the  native  sulphurct,  zinc  blende  of  mine- 
ralogists. It  is  procured  from  the  former  by  heat  and  carbonaceous  mat- 
ters; and  from  the  latter  by  a  similar  process  afler  the  ore  has  been  pre- 
▼iously  oxidized  by  roaHing^  that  is,  by  exposure  to  the  air  at  a  low  red 
heat  Its  preparation  affords  an  instance  of  what  is  called  diBiiUaiian  hy 
de9cent.  The  furnace  or  cracible  for  reducing  the  ore  is  closed  above,  and 
in  its  bottom  is  fixed  an  iron  tubc«  the  upper  aperture  of  which  is  in  the  in- 
terior  oC  the  crucible,  and  its  lower  terminates  just  above  a  vcfesel  of  water. 
The  vapour  of  zinc,  together  with  all  the  gaseous  products^  passes  through 
this  tube,  and  the  zinc  is  condensed.  The  first  portions  are  commonly  very 
impure,  containing  cadmium  and  arsenic,  the  neriod  of  their  disengage- 
m^t  being  indicated  by  what  the  workmen  call  tnc  brown  blaze;  but  when 
the  blue  blaze  begins,  that  is,  when  the  metallic  vapour  burns  with  a  bluish- 
white  fiamc,  the  zinc  is  collected.  As  thus  obtained,  it  is  never  quite  pure : 
it  frequently  contains  traces  of  charcoal,  sulphur,  cadmium,  arsenic,  lead, 
and  copper ;  and  iron  is  always  present.  It  may  be  freed  from  tlieac  impu- 
rities by  distiIlation,^-by  exposing  it  to  a  white  heat  in  an  earthen  retort,  to 
which  a  receiver  full  of  water  is  adapted ;  but  tlic  first  portions,  as  liable  to 
contain  arsenic  and  cadmium,  should  be  rejected. 

Zinc  has  a  strong  metallic  lustre,  and  a  bluiBh-white  colour.  Its  texture  is 
lamcllated,  and  its  density  about  7.  It  is  a  hard  metal,  being  acted  on  by 
the  fil6  with  difficulty.  At  low  or  high  degrees  of  heat  it  is  brittle  ;  but  at 
totnperatorcs  between  310^  and  300^  F.  it  is  both  malleable  and  ductile,  a 
property  which  enables  zinc  to  be  rotted  or  hammered  into  sheets  of  consid- 
crable  thinness..  Its  malleability  is  considerably  diminished  by  the  impu- 
rities which  the  zinc  of  commerce  contains.  Xi  fuses  at  773^  F.  (Daniell), 
and  when  slowly  cooled  crystallizes  in  four  or  six-sided  prisms.  Exposed  in 
close  vessels  to  a  white  heat,  it  sublimes  unchanged. 

Zinc  undergoes  little  change  by  the  action  of  air  and  moisture.  When 
fused  in  open  vessels  it  absorbs  oxygen,  and  forms  the  white  oxide,  called 
flowers  of  zinc.  Heated  to  full  redness  in  a  covered  crucible,  it  bursts  into 
flame  as  soon  as  the  cover  is  removed,  and  burns  with  a  brilliant  white  light. 
The  combustion  ensues  with  such  violence,  thai  the  oxide  as  it  is  formed  is 
mechanically  carried  up  into  the  air.  I'he  heat  at  which  it  begins  to  bum 
is  estimated  by  Daniell  at  941.®  F^  Zinc  is  readily  oxidized  by  dilute  sul- 
phuric or  hydrochloric  acid,  and  the  hydrogen  which  is  evolved  contains  a 
small  quantity  of  metallic  zinc  in  combination. 

Gay-Lussac  and  Berzelius  found  tliat  the  protoxide  of  zinc  consists  of  100 
parts  of  metallic  zinc  and  24.8  of  oxygen,  being  a  ratio  of  32.3  to  8.  Its 
other  combinations  justify  the  adoption  of  32.3  as  the  equivalent  of  unc^ 
The  composition  of  ifts  compounds  described  in  this  section  is  as  follows  :— 

Zinc.  Equiv.       Formulfl&i 

Protoxide  32.3  1  cq.-f.Oxygcn         S  1  eq.f=  40J3     Zn-fOorZn. 

Peroxide  Composition  uncertain. 

Chloride  32.3  1  eq.  4.  Chlorine  35.42  1  eq«  67.72  Zn+ CI  or  ZnCl. 

Iodide  32.3  1  cq.  4.  Iodine  126.3  1  eq.s=  158.6     Zn4.I  or  Znl. 

Bromide  32.3  1  eq. -f  Bromine  78.4  1  eq.=l]0.7     Zn-UBrorZnBr. 

Fluoride  32.3  1  eq.-f  Fluorine  18.68  1  eq.=  50.98  Zn -U  F  or  ZnF. 

Sulphurot  ^.3  leq.  4.  Sulphur  16.1  1  eq.=  4a4    Zn+SorZnS. 

Cyanuret  32^a  1  eq.  4.Cyanogen  26.39  1  eq.s=  58.69  Zn-f  CyorZnCy. 

Protoxide  of  2t^.—- This  is  the  only  oxide  of  zitac  which  acts  as  a  sali- 
fiable base,  and  the  only  one  of  known  composition.  It  is  generated  during 
the  solution  of  zinc  in  dilute  sulphuric  acid,  and  may  be  obtained  in  a  dry- 
state  by  collecting  the  flakes  which  rise  during  the  combustion  of  zinc,  or 
by  heating  the  carbonate  to  redn^ys.  At  common  temperatures  it  is  white ; 
hut  when  hoisted  to  low  redness,  it  assumes  a  yellow  colour,  which  graduatty 
disappears  on  cooling.    It  is  quite  fixed  in  the  fire.    It  is  insoliAlfS  in  water^ 
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* 
and,  tlierefore,  does  Dotaffsct  the  blue  colour  of  plants ;  but  it  is  a  strong-  sali- 
fiable base,  forming  regular  salts  with  acids,  most  of  which  are  colourless. 
It  combines  also  with  some  of  the  alkalies. 

The  presence  of  zinc  is  easily  recognized  by  the  following  characters.— 
The  oxide  is  precipitated  from  its  solutions  as  a  white  hydrate  by  pure  po> 
tassa  or  ammonia,  and  as  carbonate  by  carbonate  of  ammonia,  but  is  com- 
pletely redissolved  by  an  excess  of  the  precipitant  The  fixed  alkaline 
carbonates  precipitate  it  permanently  as  white  carbonate  of  oxide  of  zinc^ 
Hydrusulphate  of  ammonia  causes  a  white  precipitate,  a  hydrated  sulphuret 
of  zinc  Hydrosulphuric  acid  acts  in  a  similar  manner,  if  the  solution  is 
quite  neutral ;  but  it  has  no  effect  if  an  excess  of  any  strong  acid  is  present. 
When  metallic  zinc  is  exprjsed  for  some  time  to  air  and  moisture,  or  is 
kept  under  water,  it  acquires  a  superficial  coating  of  a  gray  matter,  which  ' 
Berzclius  describes  as  a  sub-oxide.  It  is  probably  a  mixture  of  metallio 
zinc  and  the  white  oxide,  into  which  it  is  resolved  by  the  action  of  acids. 
The  peroxide  is  prepared,  according  to  Thenard,  by  acting  on  hydrated 
white  oxide  of  zinc  with  peroxide  of  hydrogen  diluted  with  water.  It  re. 
solves  itself  so  readily  into  oxygen  and  the  oxide  already  described,  that  it 
cannot  be  preserved  even  under  the  surface  of  water ;  and  its  composition  is 
quite  unknown. 

Chloride  of  Ztnc. — This  compound  is  formed,  with  evolution  of  heat  and 
light,  when  zinc  filings  are  introduced  into  chlorine  gas ;  and  it  is  readily 
prepared  by  dissolving  zinc  in  hydrochloric  acid,  evaporating  to  dryness, 
and  heating  tlie  residue  in  a  tube  through  which  dry  hvdrochloric  acid  gas 
is  transmitted.  It  is  colourless,  fusible  at  a  heat  a  little  above  21 2^,  has  a 
Bo(i  consistence  at  common  temperatures,  hence  called  butter  of  zinc, 
sublimes  at  a  red  heat,  and  deliquesces  in  the  air. 

Iodide  of  Zinc  is  prepared  by  digesting  iodine  in  water  with  zinc  filings 
in  excess.  A  colourless  solution  results,  which  by  evaporation  yields  a  deli- 
quescent iodide.  By  heat  in  close  vessels  it  may  be  sublimed,  and  then 
crystallizes  in  brilliant  needles ;  but  if  heated  in  the  open  air,  oxide  of  zinc 
is  formed,  and  iodine  expelled.  If  zinc  is  digested  in  water  with  an  excess 
of  iodine,  a  brown  solution  results,  which  probably  contains  a  biniodidc. 

Bromide  of  Zinc  may  be  formed  b^  a  process  similar  to  that  for  the  iodide, 
but  its  properties  have  not  been  studied. 

Fluoride  of  Zinc  is  obtained  by  acting  dfreclly  on  oxJdc  of  zinc  wilh  hy- 
drofluoric acid,  and  is  a  white  compound  of  sparing  solubility. 

.  Sulphuret  of  Zinc. — This  compound  is  well  known  to  mineralogists  under 
the  name  of  zinc  blende,  and  occurs  in  dodecahedral  crystals  or  some  allied 
form.  Its  structure  is  lamellated,  lustre  adamantine,  and  colour  variable, 
being  sometimes  yellow,  red,  brown,  or  black.  It  may  be  formed  artifi- 
cially by  igniting,  in  a  closed  crucible,  a  mixture  of  oxide  of  zinc  and  sul- 
phur, or  sulphate  of  oxide  of  zinc  and  charcoal,  or  by  drying  the  hydrated. 
salphurct  of  zinc.. 

CADMIUM.. 

Cadmium  so  called  (fi-ora  xaS/uhU,  a  term  applied  both  to  calamine  and  tok 
tlie  volatile  matters  which  rise  from  the  furnace  in  preparing  brass)  because 
it  is  associated  with  zinc,  was  discovered  in  the  year  1817  by  Stromeyer  in 
an  oxide  of  zinc  which  had  been  prepared  for  medical  use;  and  he  has  since 
fbund  it  in  several  of  the  ores  of  that  metal,  especially  in  a  radiated  blende, 
from  Bohemia^  which  contains  about  five  pec  cent,  of  cadmium.  The  late 
Dr.  Clarke  detected  its  existence  in  some  of  the  zinc  ores  of  Derbyshire,, 
and  in  the  common  zinc  of  commerce.  Mr.  Herapath  has  found  it  in  consi- 
derable  quantity  in  the  zinc  works  near  Bristol.  During  the  reduction  of 
calamine  by  coal,  the  cadmium,  which  is  very  volatile,,  flies  off  in  vapouc 
mixed  with  soot  and  some  oxide  of  zinc,  and  collects  in  the  roof  of  the 
vault,  just  above  the  tube  leading  from  the  crucible.  Some  portions  of  this, 
rabstance  yielded  from  12  t9  20  per  cent,  of  cadmium*  (An.,  of  Phil.  ziv..  andt 
xvU.> 
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Tbe  prooeM  by  wlrieh  Stromeyor  leparates  eadmiam  fh)iii  sine  or  other 
metals  is  the  following.  The  ore  of  cadaiiom  is  dissolved  in  dilute  sulpho- 
rie  or  hydrochloric  acid,  and  after  adding  a  portion  of  free  acid,  a  current  of 
kydrosulphuric  acid  gaM  is  transmitted  throo^ii  the  liquid,  by  which  means 
the  cadmium  is  precipitated  aa  sulphurct,  while  tlie  zinc  continues  in  solu- 
tion. The  Bulphuret  of  cadmium  is  tlien  decomposed  by  nitric  acid,  and  the 
solution  evaporated  to  dryness.  The  dry  nitrate  is  dissolved  in  water,  and 
an  excess  of  carbonate  of  ammonia  added.  The  white  carbonate  of  oxide  of 
cadmium  subsides,  which,  when  heated  to  redness,  yields  a  pure  oxide.  By 
mixm^  this  oxide  with  charcoal,  and  exposing  the  mixture  to  a  red  heat, 
metallic  cadmium  is  sublimed. 

A  very  elceant  process  for  separating  sine  from  cadmium  was  proposed  by 
WoUaston.  The  solution  of  the  mixed  metals  is  pot  into  a  platinum  cap- 
■ule,  and  a  piece  of  metallic  zinc  is  placed  in  it.  If  cadmium  is  present,  it 
b  reduced,  and  adheres  so  tenaciously  to  the  capsule,  that  it  may  be  washed 
with  water  without  danger  of  being  lost  It  may  then  be  dissolved  either 
by  nitric  or  dilute  hydrochloric  acid. 

Cadmium,  in  colour  and  lustre,  has  a  strong  resemblance  to  tin,  but  is 
•omcwhat  harder  and  more  tenacious.  It  is  very  ductile  and  malleable.  Its 
specific  gravity  is  8.604  before  being  hammered,  and  8.694  afterwards.  It 
melts  at  about  the  same  temperature  as  tin,  and  is  nearly  as  volatile  as 
mercury,  condensing  like  it  into  globules  which  have  a  metallic  lustre.  Its 
vapour  has  no  odour.  When  heated  in  the  open  air,  it  absorbs  oxygen,  and  is 
.  oonvorted  into  an  oxide.  Cadmium  is  readily  oxidized  and  dissolved  by  ni- 
trie  acid,  which  is  its  proper  solvent  Sulphuric  and  hydrochloric  acids  act 
upon  it  less  easily,  and  the  oxygen  is  then  derived  from  water. 

The  equivalent  of  cadmium,  deduced  from  Stromeyer's  analysis  of  its 
oKide,  is  55.8.  The  composition  of  its  compounds  described  in  this  section 
is  as  fbUows : — 

Cadmium.  Equiv.        Formule. 

^cldrof^     55.8    1  eq.+ Oxygen      8  1  €q.=:  63.8    Cd+OorCd. 

Chloride        55.8    1  nq.  4.  Chlorine  35.42  1  eq.=:  91.22  Cd^-Q  orCda. 

Iodide  55.8    1  eq.  4.  Iodine    126.3  1  eq.==  182.1     Cd  +  IorCdI. 

Sulphuret      55.8    1  eq. 4. Sulphur   16.1  1  eq.s:  71.9     Cd-|-SorCd& 

Oxide  of  Cadmium. — ^This,  the  only  known  oxide  of  cadmium,  is  pre- 
pared by  igniting  its  carbonate,  has  an  orangre  colour,  is  fixed  in  the  fire, 
and  is  insoluble  in  water.  It  has  no  action  on  test  paper,  but  is  a  strong 
alkaline  base,  forming  neutral  salts  with  acids.  It  is  precipitated  as  a  white 
hydrate  by  pure  ammonia,  but  is  rcdissolved  by  excess  of  that  alkali.  It  is 
precipitated  permanently  by  pure  potassa  or  soda  as  a  hydrate,  and  by  all 
the  alkaline  carbonates  as  carbonate  of  oxide  of  cadmium. 

Chloride  of  Cadmium. — By  dissolving  oxide  of  cadmium  in  hydrochloric 
acid  and  concentrating  duly,  the  chloride  with  water  of  crystallization  crys> 
tallizes  in  transparent  four-sided  rectangular  prisms,  which  lose  their  water 
by  heat  and  even  in  a  dry  air,  fuse  at  a  heat  short  of  redness,  and  acquire  a 
lameliated  texture  in  cooling.     At  a  high  temperature  it  is  sublimed. 

Iodide  of  Cadmium  may  be  formed  in  the  same  manner  as  iodide  of 
zinc,  is  soluble  in  water  and  alcohol,  and  crystallizes  by  evaporation  in  large, 
colourless,  transparent,  hexagonal  tables,  which  do  not  change  in  the  air, 
and  have  a  pearly  lustre.     By  heat  the^  lose  water  and  then  fuse. 

Sulphuret  of  Cadmium  occurs  m  mixture  or  combination  in  some  kinds 
of  zinc  blende,  and  is  easily  prepared  by  the  action  of  hydrosulphuric  acid 
on  a  salt  of  cadmium.  It  has  a  yelbwish-orange  colour,  and  is  distinguish- 
ed from  the  sulphurcts  oParscnic  by  being  insoluble  in  pure  potassa,  and  by 
sustaining  a  white  heat  without  subliming.  (Stromeyer.) 
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TIN. 

Tin  was  known  to  the  ancients,  who  obtained  it  principally,  if  not  solely, 
iroRi  Cornwall.  The  tin  of  commerce  is  distinguished  into  two  Tarieties, 
called  block  and  grain  tin,  both  of  which  are  procured  from  the  native  oxide 
by  means  of  heat  and  charcoal.  In  Curnwall,  which  has  been  celebrated  for 
its  tin  mines  during  many  centuries,  the  ore  is  both  extracted  from  veins, 
and  found  in  the  form  of  rounded  grains  among  beds  of  rolled  materials, 
which  have  been  deposited  by  the  action  of  water.  These  grains,  common- 
ly called  8tream  tin,  contain  a  very  pure  oxide,  and  yield  the  purest  kind  of 
grain  tin.  An  inferior  sort  is  prepared  by  heating  bars  of  tin,  extracted 
from  the  common  ore,  to  very  near  their  point  of  fusion,  when  tho  more 
fusible  parts,  which  are  the  purest,  flow  out ;  and  the  less  fusible  portions 
constitute  block  tin.     The  usual  impurities  are  iron,  copper  and  arsenic 

Tin  has  a  white  cok>ur,  and  a  lustre  resembling  that  of  silver.  The  bril- 
Ilancy  of  its  surface  is  but  very  slowly  impaired  by  exposure  to  the  atmo- 
sphere, nor  is  it  oxidized  even  by  the  combined  agency  of  air  and  moisture. 
Its  malleability  is  very  considerable ;  for  the  thickness  of  common  tin-foil 
does  not  exceed  l-lOOOth  of  an  inch.  In  ductility  and  tenacity  it  is  inferior 
to  several  metals.  It  is  soil  and  inelastic,  and  when  bent  backwards  and 
forwards,  emits  a  peculiar  crackling  noise.  Its  specific  gravity  is  about 
7.2.  At  442°  F.  it  fuses,  and  if  exposed  at  the  same  time  to  the  air,  its  sar« 
hce  tarnishes,  and  a  gray  powder  is  formed.  When  heated  to  whiteness,  it 
takes  fire  and  burns  with  a  white  6amc,  being  converted  into  peroxide 
of  tin. 

The  equivalent  of  tin  deduced  by  Berzclius  from  his  analysis  of  its  oxides 
is  57.9.  The  composition  of  tlie  compounds  of  tin  described  in  this  section 
is  as  follows: — 

Tin.  Equiv.        Formulas. 

Protoxide     .    57.9   1  eq.  + Oxygen    8      1  eq.s=  G5.9    Sn  +  OorSn. 
Sesquioxide    115.8  2cq.+     do.      24      3  eq.3=:l39.8   2Sn  +  30or'l$ii. 

Binoxide      .    57.9  1  eq.4-     do.      16      2  eq.»  73.9    Sn-f20orSn. 

Protochloride  57.9  1  eq.  4*  Chlorine  35.42  1  eq.B  93.32  Sn+Cl  or  SnCl. 

Bichloride   .    57.9  1  eq.-|-     do.       70.84  2  eq.=128.74  Sn+2Clor  SnCl*. 

Protiodide   .    57.9  1  eq.-f  Iodine  126.3   1  eq.sl84.2    Sn-florSnI. 

Biniodide     .    57.9  1  cq.-f-     do.    252.6   2  cq.a=310.5    Sn-f2I  or  Snl«. 

Proto8ulphuret573  1  eq.-f  Sulphur  16.1    1  eq.ss:  74.      Sn-fSorSnS. 

Sesquisulph.   115.8  2  eq.+     do.      48.3    3  eq. =164.1    2SnH-38  or  Sn<S^. 

Bisulphuret      57.9  1  eq.4-     do.      32.2    2  eq.=s  90.1    Sn  +  2SorSnS». 

Terphospharet  57.9  1  eq.  +  Phosph.  47.1    3  eq.=el05.      Sn  +  3P  or  SnP>. 

Protoxide  cf  Tin. — ^When  chloride  of  tin  in  solution  is  mixed  with  an 
alkaline  carbimate,  hydratcd  oxide  of  tin  falls,  which  may  be  obtained  aa 
such  in  a  dry  form  by  washing  with  warm  water,  and  drying  at  a  heat  not 
above  196°,  with  the  least  possible  exposure  to  the  air.  This  hydrate  is 
white,  burns  like  tinder  when  suddenly  heated,  and  is  decomposed  by  being 
boiled  in  water.  The  best  mode  of  obtaining  tho  anhydrous  oxide  is  by 
heating  the  hydrate  to  redness  in  a  tube  from  which  air  is  excluded  by  a 
current  of  carbonic  acid  gas.  The  same  oxide  is  formed  when  tin  is  kepi 
for  some  time  fused  in  an  open  vessel. 

Protoxide  of  tin  has  a  sp.  gravity  of  6.666.  At  common  temperatures  it 
is  permanent  in  the  air,  but  if  touched  by  a  red  hot  body,  it  tokes  fire  and 
is  converted  into  the  peroxide.  It  is  dissolved  by  tbe  sulphuric  and  hydro- 
chloric  acids,  as  also  by  dilute  nitric  acid ;  and  the  pure  fixed  alkalies  like- 
wise dissolve  it.  From  the  alkaline  solution,  metallic  tin  is  gradual^  de^ 
posited,  and  peroxide  of  tin  remains  in  solution.    Its  salts  are  remarkabl^r 
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prone  to  absorb  oimen,  both  from  the  air  and  f^om  compounds  which  yield 
oxygen  readily,  liiaa  it  converts  peroxide  of  iron  into  protoxide,  and 
throws  down  mercury,  silver,  and  platinum  in  the  metallic  state  from  their 
salts.  With  a  solution  of  gold  it  causes  a  purple  precipitate,  the  purjit  of 
CossitM,  which  appears  to  be  a  compound  of  peroxide  of  tin  and  protoxide 
of  gold.  By  this  character  protoxide  of  tin  is  recognized  with  certainty. 
It  is  thrown  down  by  hydrosulphuric  acid  as  black  protusulphuret  of  tin. 

Seafpiioxide  of  Tin, — Fuchs  has  lately  succeeded  in  preparing  this  oxide 
by  mixing  recently  precipitated  and  moist  hydrated  peroxide  of  iron  with  a 
•ohition  of  protochloride  of  tin  as  free  as  possible  from  hydrochloric  acid ; 
when  by  an  interchange  of  elements 


1  eq.  pernx.  iron  &  2  eq.  chlortdp  of  tin  S  1  eq.  tewiaiox.  tin  4c  S  «q.  chlo.  iron. 
2Fe  +  30  2(Sn  +  Cl)         S       2Sn  +  30  2(Fe+Cl). 


The  sesquioxide  falls  as  a  slimy  gray  matter,  and  in  general  rather  ycDow 
from  adhering  oxide  of  iron.  Bcrzelius  obtained  it  purer  by  using  a  solu- 
tion made  by  saturating  bydrochhiric  acid  as  far  as  possible  with  hydrated 
peroxide  of  iron.  The  sesquioxide  of  tin,  while  moist,  is  soluble  in  hydro- 
chloric acid,  and  the  solution  strikes  the  purple  of  Cassius  with  gold ;  and  it 
is  readily  soluble  in  a  solution  of  ammonia,  which  distinguishes  it  from  the 
protoxide  of  tin,  just  as  its  action  on  gold  does  from  the  binoxide.  (Pog. 
Annalcn,  xxviii.  443.) 

Binoxide  of  Tin  is  most  conveniently  prepared  by  tlie  action  of  nitric 
ftcid  on  metallic  tin.  Nitric  acid,  in  its  most  concentrated  state,  does  not 
ftct  easily  upon  tin;  but  when  a  smalt  qunntity  of  water  is  added,  violent 
•fiervescence  takes  place  owing  to  the  evolution  of  nitrous  acid  and  bin- 
oxiffe  of  nitrogen,  and  a  white  powder,  the  hydrated  binoxide,  b  produced. 
On  edulcorating  this  substance,  and  heating  it  to  redness,  watery  vapour  is 
expelled,  and  the  pure  binoxide,  of  a  straw-yellow  colour,  remains.  In  this 
process  ammonia  is  generated,  a  circumstance  which  proves  water  as  well 
as  nitric  acid  to  be  decomposed.  Binoxide  of  tin  may  likewise  be  obtained 
by  precipitation  from  a  sohition  of  perchloride  of  tin  by  potassa,  ammonia, 
or  the  alkaline  carbonates;  but  in  this  case  it  falls  as  a  very  bulky  hydrate, 
different  from  the  other  hydrate  both  in  appearance  and  several  of  its 
chemical  properties.  Thus  the  latter  dissolves  readily  in  suyphuric,  nitric, 
and  hydrochloric  acid,  even  when  diluted ;  while  the  former  is  completely 
insoluble  in  the  same  acida,  even  when  concentrated.  It  unites,  indeed, 
with  hydrochloric  acid,  and  the  compound  is  soluble  in  pure  water. 

Binoxide  of  tin  has  very  little  disposition  in  any  state  to  unite  with  acida, 
and,  when  dissolved  by  them,  is  very  apt  to  separate  itself  spontaneously  as 
a  gelatinous  hydrate.  It  acts  the  part  of  a  feeble  acid :  it  reddens  litmna 
when  its  hydrate  moistened  is  laid  upon  it,  and  it  unites  with  the  pure  alka- 
lies, forming  soluble  compounds  which  are  called  otannateo, 

Binoxide  of  tin  is  recognized  by  its  insolubility  in  acids  in  its  anhydrous 
state ;  by  separating  from  its  solution  by  means  of  hydrochloric  acid  as  a 
bulky  hydrate  by  any  of  the  alkalies  or  alkaline  carbonates,  which  is  easily 
and  completely  dissolved  by  pure  potassa  or  soda  in  excess;  and  by  yielding 
with  hydrosulphuric  acid  the  yellow  bisulphurct  of  tin,  which  is  also  soluble 
in  pure  potassa. 

Binoxide  of  tin,  when  melted  with  glass,  forms  a  white  enamel. 

Protochloride  of  T^n.— This  compound  is  obtained  by  transmitting  hydro- 
chloric acid  gas  over  metallic  tin  heated  in  a  glass  tube,  when  hydrogen  gas 
is  evolved ;  or  by  distilling  a  mixture  either  of  granulated  tin  with  an  equal 
wei|fht  of  bichloride  of  mercury,  or  of  an  amalgam  of  tin  with  calomel, 
Qi'ging  the  heat  till  the  mercury  is  expelled.  Iti  this  state  it  is  a  gray  solid, 
of  a  resinous  lustre,  which  fnses  below  redness,  and  at  a  high  temperature 
sablimea.  It  is  obtained  by  crystallization  from  a  concentrated  solution  of 
the  chloride  in  crystals,  which  are  sometimes  in  small  white  needles,  and  at 
others  in  large  transparent  prisms,  and  consist  of  93.32  parts  or  one  eq.  of 
protochk>ride  of  tin  and  27  parts  or  three  eq.  gf  water.    On  heating  these 
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«ryflta]a»  tbey  not  only  loie  water,  bat  reaction  ensues  between  the  elements 
of  water  and  the  chloride,  hydrochloric  acid  ras  is  evolved,  and  protoxide 
of  tin  remains  combined  with  the  chloride.  The  same  kind  of  componnd  is 
formed  when  a  largre  quantity  of  the  water  is  poarcd  upon  the  crystals :  the 
solution  contains  protochloride  of  tin  and  hydrochloric  acid,  and  a  white 
powder  subsides  which  consists  of  one  eq.  of  the  protochloride,  one  eq.  of 
protoxide,  and  two  eq.  of  water.   (Berzelins.) 

A  solution  of  protochloride  of  tin  is  obtained  by  heating  granulated  tin 
in  strong  hydrochloric  acid  as  long  as  hydrogen  ^as  continues  to  be 
evolved.  This  solution  is  much  employed  as  a  deoxidizing  agent,  being 
more  powerful  than  the  sulphate  or  nitrate  of  the  protoxide ;  owin?  appa- 
rently to  the  tendency  of  tiie  protochloride  of  tin  to  resolve  itself  into  bi- 
chloride and  metallic  tin,  the  latter  taking  oxygen  or  chlorine  from  any  me- 
tallic solutions  which  yield  them  readily. 

Bichloride  of  Tin. — When  protochloride  of  tin  is  heated  in  chlorine  gas, 
or  on  distilling  a  mixture  of  8  parts  of  granulated  tin  with  24  of  bichloridf 
of  mercury,  a  very  volatile,  colourless  liquid  posses  over,  which  is  bichlo- 
ride of  tin.  In  an  open  vessel  it  emits  dense  white  fumes,  caused  by  the 
moisture  of  the  air,  and  hence  it  was  formerly  called  the  fuming  liquor  of 
Libavius,  who  discovered  it.  At  248^  it  boil^,  and  the  sp.  gravity  of  its  va- 
pour was  found  by  Dumas  to  be  9.1997.  With  one-third  of  its  weight  of 
water  it  forms  a  solid  hydrate,  and  in  a  larger  quantity  of  water  dissolves. 

The  solution  of  bichloride  of  tin,  commonly  called  permuriaie  of  tin^  is 
much  used  in  dyeing,  and  is  prepared  b%  dissolving  tin  in  nitro-hydrochlo- 
ric  acid.  The  process  requires  care  ;  for  if  the  action  be  very  rapid,  as  if 
sore  to  happen  if  strong  acid  be  employed  and  much  tin  added  at  once, 
the  peroxide  will  be  spontaneously  deposited  as  a  bulky  hydrate,  and  be 
sabseqoontly  rcdissolved  with  great  difficulty.  But  the  operation  will  rarely 
fail  if  the  acid  is  made  with  two  measures  of  hydrochloric  acid,  one  of  nitric 
acid,  and  one  of  water,  and  if  the  tin  is  gradually  dissolved,  one  portion  dis- 
appearing before  another  is  added.  The  most  certain  mode  of  prepara- 
tion, however,  is  to  prepare  a  solution  of  the  protochloride,  and  convert  it 
into  the  bichloride  either  by  chlorine,  or  by  gentle  heat  and  nitric  acid. 

lodideM  of  Tin. — The  protiodide  is  formed  by  heating  granulated  tin  with 
about  2^  times  its  weight  of  iodine,  and  is  a  brownish-red,  translucid  sub- 
stance, very  fusible,  volatile  at  a  high  temperature,  and  soluble  in  water. 

The  biniodide  is  prepared  by  dissolving  in  hydriodic  acid  the  hydrate  of 
the  peroxide,  precipitated  by  alkalies  from  the  bichloride.  It  crystallizes  in 
yellow  crystals  of  a  silky  lustre,  which  are  resolved  by  boiling  water  into 
hydriodic  acid  and  peroxide  of  tin. 

Protomilphurel  €f  T^n. — ^This  compound  is  prepared  by  pouring  melted 
tin  upon  its  own  weight  of  sulphur,  and  stirring  rapidly  with  a  stick  during 
the  action ;  as  some  tin  usually  escapes  the  sulphur  from  the  latter  being 
rapidly  expelled,  the  product  should  be  pulverized,  mixed  with  its  weight  of 
sulphur,  and  projected  in  successive  portions  into  a  hot  Hessian  crucible, 
and  then  heated  to  redness.  It  is  a  brittle  compound,  of  a  bluish-gray, 
nearly  black,  colour  and  metallic  lustre,  which  fuses  at  a  red  heat,  and  ac 
quires  a  lamellated  texture  in  cooling.  It  is  dissolved  by  hydrochloric  acid 
with  evolution  of  hydrosnlphuric  acid.  The  same  sulphurct  is  obtained  in 
the  moist  way  by  adding  hydrosnlphuric  acid  to  a  solution  of  protochloride 
of  tin.  The  sesquisulphuret  is  formed  by  mixing  the  protosulphuret  in  fine 
powder  with  a  third  of  its  weight  of  sulphur,  and  heating  the  mixture  to 
low  redness  until  sulphur  ceases  to  escape.  Its  colour  is  of  a  deep  grayish- 
yellow  ;  it  is  reconverted  by  a  strong  heat  into  the  protosulphuret,  and  dis- 
solves in  hydrochloric  acid  gas,  yielding  hydrosnlphuric  acid  gas  and  a  resi- 
due  of  bisulphuret  of  tin. 

Bisulphuret  of  Tin,  formerly  called  moiaie  gald^  is  prepared  by  heating  in 
a  glass  or  earthen  retort  a  mixture  of  2  parts  of  peroxide  of  tin,  2  of  suU 
phur,  and  1  part  of  sal  ammoniac,  and  maintaining  a  low  red  heat  until  sul- 
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IS  acid  ceases  to  be  evolved.  These  materials  are  sometimes  employed 
it  sal  ammoniac,  but  Beraelius  says  that  the  latter  is  essential  for  ob- 
r  tlie  bisolphuret  The  product  when  successfully  prepared,  is  in  crys- 
scales,  and  sometimes  even  in  rejrular  aix*sided  tables,  of  a  ^Iden- 
colour  and  metallic  lustre.  It  is  soluble  in  pure  potassa  and  in  its 
ate  by  boiling ;  but  its  only  solvent  among  the  acids  is  the  nitro- 
thloric.  Tlic  bisulphuret  is  obtained  as  a  bulky  hydrate  of  a  dirty 
colour  by  the  action  of  hydrosulphuric  acid  or  hydrosnlpbate  of  am- 
on  bichloride  of  tin  in  solution. 

ohosphuret  of  Ttn. — ^Rose  formed  this  compound  by  acting  on  a  solu- 
'  protochloride  of  tin  by  phosphuretted  hydrogen.  It  is  readily  ozidiaod 
action  of  the  air. 


SECTION   XV. 

COBALT.— NICKEL. 

COBALT. 

i  metal  is  met  with  in  the  earth  chteBy  in  combination  with  arsenic, 

uting  an  ore  from  which  all  the  cobalt  of  commerce  is  derived.  It  is  a 

nt  ingredient  of  meteoric  iron,  though  in  very  small  quantity.    (Stro* 

.)     Its  name  is  derived  from  the  term  Kobold,  an  evU  tpirit,  applied 

f  the  German  miners  at  a  time  when  tlicy  were  ignorant  of  its  value, 

nsidcred  it  unfavourable  to  the  presence  of  valuable  metals. 

sn  native  arseniuret  of  cobalt  is  broken  into  small  pieces,  and  exposed 

verberatory  furnace  to  the  united  action  of  heat  and  air,  its  elements 

idizcd,  most  of  the  arsenious  acid  is  expellod  in  the  form  of  vapour, 

1  impure  oxide  of  cobalt,  called  xaffre,  remains*    On  heating  this  sub- 

with  a  mixture  of  sand  and  potash,  a  beautiful  blue-coloured  glass  is 

}d,  which,  when  reduced  to  powder,  is  known  by  the  name  ofsmaU, 

illic  cobalt  may  be  obtained  by  dissolving  zaffre  in  hydrochloric  acid, 

msmitting  through  the  solution  a  current  of  hydrosulphuric  add  gas 

le  arsenious  acid  is  completely  separated  in  tlie  form  of  orpimenU 

tured  liquid  ia  then  boiled  with  a  liltle  nitric  acid,  in  order  to  convert 

toxide  into  peroxide  of  iron,  and  an  excess  of  carbonate  of  potassa  is 

The  precipitate,  consisting  of  peroxide  of  iron  and  carbonate  of  pro- 

»f  cobalt,  afler  being  well  washed  with  water,  is  digested  in  a  solution 

c  acid,  which  dissolves  the  oxide  of  iron  and  leaves  the  oxide  of  oo- 

he  form  of  an  insoluble  oxalate.  (Laugicr.)     On  heating  this  oxalate 

}rt  from  which  atmospheric  air  is  excluded,  a  largo  quantity  of  car- 

ud  is  evolved,  and  a  black  powder,  metallic  cobalt,  is  left  (Thomson 

Is  of  Philosophy,  N.  S.  i.)    The  pure  metal  is  easily  procured  also  by 

a  current  of  dry  hydrogen  gas  over  oxide  of  cobalt  heated  to  redness 

}  of  porcelain.     In  this  state  it  is  porous,  and  if  formed  at  a  low  ^ 

ure  it  inflames  spontaneously,  as  stated  in  the  section  on  iron  (page  " 

tion  of  cobalt  may  also  be  made  by  acting  on  the  native  arseniuret 
>huric  mixed  with  a  fourth  part  of  nitric  acid,  separating  as  maeh 

acid  as  possible  by  evaporation,  and  conducting  the  remainder  of 
ss  as  above  described.     The  Arseniuret  from  Tonaberg  should  be 

for  this  purpose,  as  it  is  in  general  free  from  nickel,  wliich  always 
lies  the  cobalt  ores  of  Germany. 

Is  a  brittle  metal,  of  a  reddish.gray  colour,  and  weak  metallic  lustre. 

7,  according  to  my  observation,  is  7.834    It  fuses  at  a  heat  rather 

I  iron,  and  when  slowly  cooled  it  crystallizes.    It  is  attracted  by 
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the  mtgnet,  and  is  susceptible  of  being  rendered  permanently  magnetic.  It 
undergoes  little  change  in  the  air,  bat  absorbs  oxjgen  when  heated  in  open 
yessels.  It  is  attacked  with  difficulty  by  sulphuric  or  hydrochloric  acid,  but 
is  readily  oxidized  by  means  of  nitric  acid*  Like  iron  and  the  other  metals 
of  this  order,  it  decomposes  water  at  a  red  heat  with  disengagement  of  hy- 
drogen gas.    (Despretz.) 

According  to  the  analyses  of  RothofF  on  the  oxides  of  cobalt,  its  equiva- 
lent  is  Inferred  to  be  29.5  (Ann.  of  Phil.  iii.  356.)  The  composition  of  its 
compounds  described  in  this  section  is  as  follows : — 


Cobalt. 


Protox- 
ide 

^  Oxide 
Peroxide 
Chloride 
Protosul- 

phuret 
Sesqoi- 
sulphu* 

ret  • 
Bisul- 

phuret 


i29.5  1  eq.-f.  Oxygen    8 


88.5  3eq.-|.do. 
59  2eq.4.do. 
29.5  1  eq.+Chlor. 


32 
24 
35.42 


£>iuiv. 
1  eq.=  37.5 

4  eq.= 120.5 
3eq.=;  83 
leq.=  64.92 
1  eq.=:  45.6 


Formulffi. 
Co-f  O  or  Co. 

3Co4.40orCo304. 

2Co  +  30orCo. 
Co-f-ClorCoCl 
Co-fSorCoS. 


48.3        3  eq.=:107^     2Co  +  3SorCo«S3. 


32.2 


2  cq.=61.7 
2  eq.=119.9 


Co+2SorCoS«. 
3Co+2PorCo3pj. 


,29.5  1  eq.  4.  Sulphur  16.1 
'59     2eq.^.do 

^29.5  leq.4.do. 

Subphos-  i  88.5  3  eq,  4-  Phosp.     31.4 

phoret    S 

ProtoxU  pfCobaU, — ^This  oxide  is  of  an  ash-gray  colour,  and  is  the  basis 
of  the  salts  of  cobalt,  most  of  which  are  of  a  pink  hue.  When  heated  to  red- 
ness in  open  vessels  it  absorbs  oxygen,  and  is  converted  into  the  peroxide,  it 
may  be  prepared  by  decomposing  carbonate  of  the  protoxide  by  heat  in  a  ves- 
sel from  which  atmospheric  air  is  excluded.  It  is  easily  recognized  by  giving 
a  bhie  tint  to  borax  when  melted  with  it ;  and  is  employed  in  the  arts,  m  the 
form  of  smalt,  for  communicating  a  similar  colour  to  glass,  earthenware, 
and  porcelain. 

Protoxide  of  cobalt  is  precipitated  from  its  salts  by  pure  potassa  as  a  blue 
hydrate,  which  absorbs  oxygen  from  the  air,  and  gradually  acquires  a  dirty 
green  tint.  Pure  ammonia  likewise  causes  a  blue  precipitate,  which  is  re- 
dissolved  by  the  alkali  if  in  excess.  It  is  thrown  down  as  a  pale  pink  car- 
bonate  by  carbonate  of  potassa,  soda,  or  ammonia;  but  an  excess  of  the 
last  redlssolves  it  with  facility.  Hydrosulphuric  acid  produces  no  change, 
unless  the  solution  is  quite  neutral,  or  the  oxide  is  combined  with  a  weak 
acid.  Alkaline  hydrosulphates  always  precipitate  it  as  a  black  protosulphuret 
of  cobalt. 

40xide  of  Cobalt — It  is  said  that  when  protoxide  of  cobalt,  or  the  nitrate, 
carbonate,  or  oxalate  of  that  oxide,  is  gently  ignited  in  an  open  6re,  peroxide 
of  cobalt  results;  but  M.  Hess  has  lately  shown  that  the  oxide  then  obtained 
is  analogous  in  composition  to  the  red  oxide  of  manganese.  The  peroxide  of 
cobalt  is  converted  into  it,  with  loss  of  oxygen,  by  a  full  red  heat,  whether 
exposed  to  the  air  or  not ;  so  that  of  the  oxides  of  cobalt  it  is  the  roost  stable. 
The  same  compound  is  obtained  as  a  dirty  green  hydrate  by  the  action  of 
the  air  on  the  hydrated  protoxide.  It  is  probably  a  compound  of  peroxide 
and   protoxide  of  cobalt,  since  3Co-}-40  obviously  contain  the  elements 

Co-t-Co.    This  intermediate  oxide  is  of  a  dark  brown  colour,  and  docs  not 
unite  with  acids  or  alkalies.    (Pog.  Annalen,  xxvi.  542.) 
Peroxide, — This  oxide  is  obtained  as  a  black  hydrate  containing  two  eq. 

of  water,  Co-|-^H,  when  chloride  of  cobalt  in  solution  is  decomposed  by 
chloride  of  lime,  or  chlorine  is  transmitted  into  water  in  which  hydrated 
protoxide  of  cobalt  is  suspended.    In  this  case 
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3  eq.  protoxide  &.  1  eq.  chlorine      S     1  eq.  peroxide  &  1  eq.  Chlocide 
3(Co+0)  CI  g,       2Co+30  C04.CL 

This  hydrate  has  a  bkck  colour,  and  yields  the  black  anhydrone  peroxide 
by  exposure  to  a  heat  of  600^  or  700^^ ;  but  it  is  difficult  to  drive  off  all  the 
water,  without  also  losing  oxygen.  It  combines  with  none  of  the  acids,  and 
when  digested  with  hydrochloric  acid  it  emits  chlorine  gas,  and  chloride  of 
cobalt  is  generated. 

When  a  salt  of  cobalt  is  treated  with  pure  ammonia  in  close  vessels,  part 
of  the  cobalt  is  dissolved,  and  part  subsides  in  form  of  a  blue  powder.  On 
admitting  atmospheric  air,  this  substance  passes  to  a  higher  state  of  oxidation, 
and  is  gradually  dissolved.  If  nitrate  of  cobalt  is  used,  a  double  salt  may 
be  obtained  in  crystals,  which  L.  Gmelio,  to  whom  we  are  indebted  for  these 
remarks,  believes  to  consist  of  nitrate  and  caballate  of  ammonia.  The  ex- 
istence of  this  acid,  however,  has  not  yet  been  satisfactorily  established. 

Chloride  of  Cobalt. — It  is  obtained  in  solution  on  dissolvinf  metallic  co- 
bait,  its  protoxide,  or  either  of  the  other  oxides  in  hydrochloric  acid,  with 
evolution  of  hydrogen  gas  with  the  first  and  of  chlorine  with  the  latter.  It 
yields  a  pink-colourcd  solution,  and  by  evaporation  small  crystals  of  the  same 
colour  containing  water  of  crystallization.  When  deprived  of  water  its  colour 
is  blue,  a  character  on  which  is  founded  its  use  as  a  sympathetic  ink :  when 
letters  are  written  with  a  dilute  solution  of  the  chloride,  the  colour  is  so  pale 
that  it  is  invisible  in  the  cold ;  but  on  heating  gently,  the  letters  appear  of  a 
blue  colour,  and  disappear  as  soon  as  the  chloride  haa  recovered  its  moisture 
from  the  atmosphere.  When  iron  or  nickel  is  present,  tiie  dry  chloride  of 
cobalt  is  green  instead  of  blue. 

SulphureU. — Cobalt  appears  to  unite  with  sulphur  in  three  proportions ; 
the  first  being  a  protosulphuret,  the  second  asesquisulphuret,  and  the  third  a 
bisulphureL  The  protosulphuret  has  a  ^ray  colour,  a  metallic  lustre,  and  a 
crystalline  texture.  It  may  be  formed  m  the  dry  way  either  by  throwing 
fragments  of  sulphur  on  red-hot  cobalt,  or  by  igniting  protoxide  of  cobalt  with 
sulphur ;  and  it  is  thrown  down  as  a  black  precipitate  from  the  salts  of  cobalt 
by  alkaline  hydroeulphates,  or  even  by  hydrosulphuric  acid  gas  if  the  salt  is 
quite  neutral,  or  the  oxide  united  with  any  of  the  feebler  acids. 

Arfwedson  has  observed  that  when  hydrogen  gas  is  transmitted  over  tmV- 
phate  of  oxide  of  cobalt  heated  to  redness,  water  and  sulphurous  acid  are 
evolved,  and  a  compound  remains,  called  an  oxyndphuret^  consisting*  of  ox- 
ide of  cobalt  united  with  sulphurot  of  cobalt.  When  this  substance  is  exposed 
to  hydrosulphuric  acid  gas  at  a  red  heat,  the  oxide  is  decomposed,  and  the 
sesquisulphuret  is  formed. 

The  bisulphuret  is  prepared,  according  to  Setterberg,  by  heating  2  parts 
of  carbonate  of  oxide  of  cobalt  intimately  mixed  with  3  parts  of  sulphur.  The 
process  is  conducted  in  a  glass  retort,  and  the  heat  continued  as  long*  as 
sulphur  is  expelled ;  but  the  temperature  should  not  be  suffered  to  reach  that 
of  redness. 

Subphogphuret  of  Cobalt, — Rose  obtained  this  phosphuret  by  the  action  of 
hydrogen  gas  on  subphosphate  of  oxide  of  cobalt  heated  in  a  tube,  water  be- 
ing also  generated.    In  this  case 

1  eq.  phosphate  and   8  eq.  hydrogen    S     1  eq.  phosphuret  and  S-eq.  water. 
3(Co-|-0)  +  (2P+50)        8H  g^        3Co+2P  8(H  +  0). 

This  phosphuret  is  pulverulent  and  of  a  gray  colour,  and  is  also  obtained 
by  the  action  of  phosphuretted  hydrogen  gas  on  chloride  of  cobalt 

NICKEL. 

Nickel  is  a  constituent  of  meteoric  iron ;  but  its  principal  ore  is  the  copper 
coloured  mineral  of  Westphalia,  termed  kupfer-nickel,  copper  nickel ;  nickel 
being  an  epithet  of  detraction,  applied  by  the  older  German  miners,  because 
the  mineral  looked  like  an  ore  of  copper,  and  yet  they  could  extract  none 
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from  it  The  {HrepantioM  of  nickel  may  either  be  prepared  from  copper 
nickel,  which  is  an  arseniuret  of  nickel  containing  small  quantities  of  sulphm*, 
copper,  cobalt,  and  iron,  or  from  the  artificial  arseniuret  called  speiss,  a 
metoUurgic  prodoction  obtained  in  forming  smalt  from  the  roasted  ores  of 
cobalt.  Various  processes  have  been  devised  for  procuring  a  pure  salt  of 
nickel,  but  the  following  appears  to  me  as  simple  and  perhaps  as  successful 
as  way.  After  reducing  speiss  to  fine  powder,  it  is  digested  in  sulphuric  acid, 
to  whi5h  a  fourth  part  of  nitric  acid  is  added ;  and  wben  t!ie  solution  is 
saturated  with  nickel,  it  is  set  aside  for  several  hours  in  order  that  arsenious 
acid  may  separate,  and  is  then  filtered.  The  clear  liquid  is  subsequently 
mixed  with  a  solution  of  sulphate  of  potassa,  and  set  aside  to  crystallize 
spontaneously ;  when  a  double  salt,  sulphate  of  oxide  of  nickel  and  potassa 
is  deposited.  Dr.  Thomson,  who  proposed  this  process,  states  that  the 
crystals  thus  obtained  are  quite  free  from  arsenic  and  iron,  and  contain  no 
impurities  except  copper  and  cobalt.  The  former  is  precipitated  as  sulphuret 
by  a  current  of  hydrosulphuric  acid  gas,  a  little  free  sulphuric  acid  being 
previously  added ;  and  at  the  same  time  any  traces  of  arsenic,  if  present, 
would  likewise  subside  as  orpiment.  The  filtered  liquor  is  tlien  heated  to 
expel  free  hydrosulphuric  acid,  and  the  oxides  of  nickel  and  cobalt  precipi- 
tated by  carbonate  of  potassa.  The  separation  of  these  oxides  may  then 
be  effected  by  the  method  suggested  by  Berthier ;  namely,  by  precipitating 
them  together  by  pure  potassa,  and,  after  washing  the  mixed  hydrates,  sus- 
pending  them  in  water  through  which  chlorine  gas  is  transmitted  to  satu- 
ration. All  the  cobalt  and  generally  some  nickel  is  converted  into  perox- 
ide and  thus  rendered  insoluble;  while  the  greater  part  of  the  nickel  is 
dissolved  in  the  form  of  chloride,  and  may  l^  removed  from  the  insoluble 
peroxides  by  filtration. 

Metallic  nickel,  which  may  be  prepared  either  by  heating  the  oxalate  in 
close  vessels,  or  by  the  combined  action  of  heat  and  charcoal  or  hydrogen 
on  oxide  of  nickel,  is  of  a  white  colour,  intermediate  between  that  of  tin  and 
silver.  It  has  a  strong  metallic  lustre,  and  is  both  ductile  and  malleable.  It 
is  attracted  by  the  magnet,  and  like  iron  and  cobalt  may  be  rendered  mag- 
netic. Its  specific  gravity  after  fiision  is  about  8.279,  and  is  increased  to 
near  9.0  by  hammering. 

Nickel  is  very  infiisible,  but  less  so  than  pure  iron.  It  suffers  no  change 
at  common  temperatures  by  exposure  to  air  and  moisture ;  but  it  absorbs 
oxygen  at  a  red  heat,  though  not  rapidly,  and  is  partially  oxidized.  It  de- 
composes  water  at  the  same  temperature.  Hydrochloric  and  sulphuric  acids 
a(:t  upon  it  with  difficulty ;  but  by  nitric  acid  it  is  readily  oxidized,  and  forms 
a  nitrate  of  the  protoxide  of  nickel. 

From  the  analyses  of  the  oxides  of  nickel  by  Rothoff  and  Tuppnti,  the 
equivalent  of  nickel  may  be  estimated  at  29.5.  The  composition  of  its  com- 
pounds described  in  this  section  is  as  follows : — 

Niekel.  Equiv.       Formulae. 

Protoxide  29.5  1  eq.-fOiygen     8      1  eq.=  37.5      Ni+O  or  Ki. 

Peroxide  59    2  eq.  +  do.  24     3  eq.=s  83         2Ni.f30orNi. 

Chloride  29.5  1  eq.  + Chlorine  35.42  1  eq._  64.92    Ni  +C1  or  NiCT. 

Protoeulphuret  29.5  1  eq.+ Sulphur  16.1    1  eq.==:  45.6     Ni  +  S  or  NiS. 
Disulphoret       59    2  eq.+do  16.1    1  eq.»  75.1     2Ni4'SorNisS. 

Sobphosphuret  88.5  3  eq.+Phos.      31.4    2  eq.=  119.9  3Ni+2P  or  Niaps. 
Cyanuret         29.5  1  eq.+Cyanog.  26.39  1  eq.™  55.89  Ni+Cy  orNiCy. 

Protoxide  of  NiekeL — ^This  oxide  may  be  formed  by  heating  the  carbonate, 
oxalate,  or  nitrate  to  redness  in  an  open  vessel,  and  is  then  of  an^  ash-gray 
colour ;  but  afler  exposure  to  a  white  heat,  its  coloor  is  a  dull  olive-green. 
It  is  not  reducible  by  heat  unaided  by  combustibles.  It  is  not  attracted  by 
the  magnet  It  is  a  strong  alkaline  base,  and  nearly  all  its  salts  have  a  green 
tint.  It  is  precipitatedas  a  hjdrate  of  a  palie-green  colour  by  the  pure  alkalies. 
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bat  is  rediBSolved  by  ammonia  io  exoeaa ;  as  a  pale  gnen  earbonate  by  alka- 
line carbonates,  bat  is  dissolved  by  an  excess  of  carbonate  of  ammonia ;  and 
as  a  black  sulpbaret  by  alkaline  hydrosalphates.  Hydrosulpburic  acid  oc- 
casions no  precipitate,  anless  ibe  solution  is  qaite  neatral,  or  the  oxide  com- 
bined with  a  weak  acid. 

Peroxide. — ^this  oxide  has  a  black  coloar,  and  is  formed  by  transmitting 
chlorine  gas  through  water  in  which  the  hydrate  of  the  protoxide  is  suspend 
ed.  The  peroxide  does  not  unite  with  acids,  is  decomposed  by  a  red  heat, 
and  with  hot  hydrochloric  acid  forms  the  chloride  with  disengagement  of 
chlorine  gas. 

Thenard  succeeded  in  preparing  a  peroxide  by  the  action  of  peroxide  of 
hydrogen  on  hydrated  protoxide  of  nickel;  but  it  is  uncertain  whether  the 
composition  of  Uiis  peroxide  is  identical  with  that  above  described,  or  dififer- 
ent  Two  suboxides  have  likewise  been  enumerated ;  but  their  existence  is 
exceedingly  problematical. 

Chhriae  of  Nickel. — ^This  compound  is  formed  by  acting  with  hydro- 
chloric  acid  on  metallic  nickel,  its  protoxide,  or  peroxides  hydrogen  gas 
being  evolved  with  the  former,  and  chlorine  with  the  latter.  It  forma  an 
emerald-green  solution,  and  by  evaporation  yields  crystals  of  the  same  tint, 
which  lose  water  or  deliquesce,  according  as  the  air  is  dry  or  moist  In  its 
Anhydrous  state  it  is  yellow ;  but  a  small  admixture  with  cobalt  causes  a 
green  tint.  At  a  low  red  heat  it  sublimes,  and  condenses  in  brilliant  scales 
of  a  gold-yellow  colour. 

Prolosulphuret  of  Nickel  is  formed  by  processes  similar  to  those  described 
for  preparing  protosulphuret  of  cobalt  The  precipitated  sulphuret  is  dark 
brown  or  nearly  black,  and  is  dissolved  by  hydrochloric  acid  with  evolution 
of  hydrosulphuric  acid ;  while  that  procured  in  the  dry  way  is  of  a  grayish- 
yellow  colour,  and  requires  for  solution  nitric  or  nitro-hydrochloric  acid.  It 
occurs  as  a  natural  production  in  very  delicate  acicular  crystals,  the  haarkieM 
of  the  Germans. 

Arfwedson  obtained  the  disulphurei  by  transmitting  hydrogen  gas  over 
sulphate  of  oxide  of  nickel  at  a  red  heat.  It  is  of  a  lighter  yellow  and  more 
fusible  than  the  former. 

Subphoephuret  of  Nickel — ^Roee  obtained  it  by  tlie  action  of  hydrogen  gas 
on  subphoepbate  of  oxide  of  nickel,  the  same  change  ensuing  as  with  cobalt ; 
and  it  is  generated  by  the  action  of  phosphurettcd  hydrogen  gas  on  chloride 
of  nickel.  It  has  a  black  colour,  is  insoluble  in  hydrochloric  acid,  but  dis- 
solves in  nitric  acid.     Heated  by  the  blowpipe  it  burns  with  flame. 

Cyanuret  of  Nickel. — It  is  obtained  by  mixing  in  solution  a  salt  of  nickel 
with  cyanuret  of  potassium,  and  falls  as  a  pale  apple-green  precipitate,  which 
acquires  a  yellow  tint  in  drying. 
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CLASS  n. 


ORDER  11. 

METALS  WHICH  DO  NOT  DECOMPOSE  WATER  AT  ANY 
TEMPERATURE,  AND  THE  OXIDES  OF  WHICH  ARE  NOT 
REDUCED  TO  THE  METALLIC  STATE  BY  THE  SOLE  AC 
TION  OF  HEAT. 

SECTION  XVI. 

ARSENIC. 

Metallic  arsenic  sometimes  occurs  native,  bat  more  frequently  it  is 
found  in  combination  with  other  metals,  and  especially  with  cobalt  and 
iron.  On  roasting  these  arsenical  ores  in  a  rcvcrbcratory  furnace,  the 
arsenic,  from  its  volatility,  is  expelled,  combines  with  oxygen  as  it  rises,  and 
condenses  into  thick  cakes  on  the  roof  of  the  chimney.  The  sublimed  mass, 
after  being  purified  by  a  second  sublimation,  is  the  virulent  poison  known  by 
the  name  of  arsenic^  or  white  oxide  of  arsenic.  From  this  substance  the 
metal  itself  is  procured  by  heating  it  with  charcoal.  The  most  convenient 
process  is  to  mix  the  white  oxide  with  about  tw^ice  its  weight  of  black  flux,  ~ 
and  expose  the  mixture  to  a  red  heat  in  a  Hessian  crucible,  over  which  is 
lulcd  an  empty  crucible  for  receiving  the  metal.  The  reduction  is  easily 
effected,  and  metallic  arsenic  collects  in  the  upper  crucible,  which  should  be 
kept  cool  for  Uie  purpose  of  condensing  the  vapour. 

Arsenic  is  an  exceedingly  brittle  metal,  of  a  strong  metallic  lustre,  and 
white  colour,  running  into  steel-gray.  Its  structure  is  crystalline,  and  when 
slowly  sublimed  it  is  said  to  crystuUizeinrhombohedrons.  Its  sp.  gravity  is 
5.6843.  When  heated  to  356°,  it  sublimes  without  previously  liquefying ; 
for  its  point  of  fusion  is  far  above  that  of  its  sublimation,  and  has  not  hitherto 
been  determined.  Its  vapour  has  a  strong  odour  of  garlic,  a  property  which 
affords  a  distinguishing  character  for  metallic  arsenic,  as  it  is  not  possessed 
by  any  other  metal,  with  the  exception  perhaps  of  zinc,  which  is  said  to  emit 
a  similar  odour  when  thrown  in  powder  on  burning  charcoal.  In  close 
vessels  it  may  be  sublimed  witliout  change,  but  if  atmospheric  air  be  ad« 
mitted  it  is  rapidly  converted  into  the  white  oxide.  According  to  Hahne- 
man  it  is  slowly  oxidized  and  dissolved  by  being  boiled  in  water.  In 
general  it  speedily  tarnishes  by  exposure  to  air  and  moisture,  acquiring 
upon  its  surface  a  dark  film,  which  k  extremely  superficial ;  bui  Berzelius 
remarks  that  he  has  kept  some  specimens  in  open  vessels  for  years  without 
loss  of  lustre,  while  others  are  oxidized  through  their  whole  substance,  and 
fall  into  powder.  The  product  of  this  spontaneous  oxidation,  which  is  known 
abroad  under  the  name  of  fly-powder^  is  supposed  by  Berzelius  to  be  an 
oxide  ;  but  it  is  more  generally  regarded  as  a  mixture  of  white  oxide  and 
metallic  arsenic. 

The  equivalent  of  arsenic,  as  inferred  by  Berzelius  from  the  composition 
of  arseniotts  and  arsenic  acids,  is  37.7.  The  compounds  of  tliis  metal  de*. 
scribed  in  this  section  are  tlius  constituted  :~* 

Arsenic.  '  Equiv.  Formulie. 

Arseni-  {  75.4  2  eq.  +  Oxyg.  24  3  eq.=  99.4  SAs-f  30  or  As 
ous  acid  \  — * 

Arsenic  >  75.4  2  eq.+do.  40  5  eq.=:115.4  SAs-i-SO  or  As. 
acid        \  — 

^chloride  \ ^'^'^  ^  «i.-|rChlorifte   35.42  1  oq.=  73.12  As^.Cl  or  AmCK 
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Seiqui- 

chloride 
Feriodide 


qui- 

bromide 
Prote- 

hydurct . 
Afflen. 

Hydr. 
Protosul. 

phorct 
Semui- 
sulphuret 
Persul- 

phurct 


Araenic  Equiv.            Formule. 

1  75.4  2  eq.+Chlor.  106^6  3  eq.sl8l.66  2AB+3aor  AstCl'. 

^  75.4  2  eq.+Iodine  631^    5  eq.= 706.9    2As-f5I  or  As*!'. 

1 75.4  2  eq. + Brom.  235.2  3  eq.  s£310.6    2 Ai + 3Br  or  As^Br  s . 

!  37.7  1  oq.+Hydr.  1       1  eq.«=  38.7    As+H  or  AsH. 

75.4  2eq.+do  3      3eq.=-76.4    2AB+3Hor AsSHs. 

[  37.7  1  eq.+Sulph.  16.1    1  eq.=  53.8    As+S  or  AsS. 

^  75.4  2  eq.+do.  48.3    3  eq.  =123.7    2A8+3S  or  AssSs. 

75.4  2eq.  +  do.  80.5    5  cq.s:155.9    2A8+5S  or  Ae'S' . 


Ar9tniou8  Acid, — ^This  compound,  frequently  called  white  artenic  and 
white  oxide  of  arseniCt  is  always  generated  when  arsenic  is  heated  in  open 
vessels,  and  may  be  prepared  by  digesting  the  metal  in  dilute  nitric  acid. 
The  white  arsenic  of  commerce  is  derived  from  the  native  arseniurets  of 
cobalt,  being  sublimed  during  the  roasting  of  these  ores  for  the  preparation 
of  zaffrc,  and  it  is  purified  by  a  second  sublimation  in  iron  vessels.  It  is 
coraifSonly  sold  in  a  state  of  fine  white  powder;  but  when  first  sublimed,  it 
is  in  the  form  of  brittle  masses,  more  or  less  transparent,  colourless,  of  a 
vitreous  lustre,  and  conchoidal  fracture.  This  glass,  which  may  also  be  ob- 
taincd  by  fiision,  gradually  becomes  opaque  without  undergoing  any  appa- 
rent change  of  constitution,  either  with  respect  to  water  or  any  other  sub- 
stance ;  but  the  change  is  certainly  promoted  by  exposure  to  tlie  atmosphere. 
Its  sp.  gravity  is  3.7.  At  380^  it  is  volatilized,  yielding  vapours  which  do 
not  possess  the  odour  of  garlic,  and  which  condense  unchanged  on  cold  sur- 
faces. Its  point  of  fu.sion  in  rather  higher  than  that  at  which  it  sublimes ; 
and,  therefore,  in  order  to  be  fused,  it  must  either  be  heated  under  pressure, 
or  its  temperature  be  suddenly  raised  above  380^.  Arsenious  acid  is  dimor- 
phouOi  that  is,  susceptible  of  assuming  two  crystalline  forms  belonging  to 
different  systems  of  crystallization.  By  slow  sublimation  in  a  glass  tube,  it 
is  always  obtained  in  distinct  octohedral  crystals  of  adamantine  lustre  and 
perfectly  transparent.  Its  unusual  form  is  that  of  six-sided  scales  derived 
from  a  rhombic  prism,  and  was  first  lately  found  by  Wohler  among  the  pro- 
ducts in  a  manufacture  of  smalt :  the  conditions  for  enabling  it  to  assume 
this  form  are  unknown,  and  by  subliming  the  crystals,  they  crystallized  in 
octohedrons.     (An.  de  Ch.  et.  de  Ph.  li.  201.) 

The  taste  of  arsenious  acid  is  stated  differently  by  different  persons.  It 
is  prevalently  thought  to  be  acrid :  but  I  am  satisfied  from  personal  obser- 
vation that  it  may  be  deliberately  tasted  without  exciting  more  than  a  very 
faint  impression  of  sweetness,  and  perhaps  of  acidity.  The  acrid  taste  as- 
cribed to  it  has  probably  been  confounded  with  the  local  inflammation,  by 
which  its  application,  If  of  some  continuance,  is  followed.  (Christison  on 
Poisons.)  It  reddens  vegetable  blue  colours  feebly,  an  effect  which  is  best 
shown  by  placing  tUc  acid  in  powder  on  moistened  litmus  paper.  It  com- 
bines with  salifiable  bases,  forming  salts  which  arc  termed  arsenites. 

According  to  the  experiments  of  Klaproth  and  Buchholz,  1000  parts  of 
boiling  water  dissolve  77.75  of  arsenious  acid;  and  the  solution,  after  having 
cooled  to  60^  F.,  contains  only  30  parts.  The  same  quantity  of  water  at 
60,  when  mixed  with  the  acid  in  powder,  dissolves  only  two  parts  and  a 
half.  Guibourt  has  lately  observed  that  the  transparent  and  opaque  varieties 
of  arsenic  differ  in  ^solubility.  He  found  that  1000  parts  of  temperate 
water  dissolve ,  during  36  hours,  9.6  of  the  transparent,  and  12.5  of  the 
opaque  variety  :  that  the  same  quantity  of  boiling  water  dissolves  97  parts  of 
the  transparent  variety,  retaining  18  when  c(3d,  but  takes  up  115  of  the 
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opaque  variety,  and  retains  29  on  cooling.  By  the  presenoe  of  organic  sab- 
stances,  such  as  milk  or  tea,  its  solubility  is  materially  impaired.  (Christison 
on  Poisons.) 

When  metallic  arsenic  is  sharply  heated  with  hydrate  of  potsssa,  pore 
hydrogen  gas  is  evolved,  and  a  mass  is  left  consisting  of  arseniuret  of  po> 
tassiam  and  arsenite  of  potassa,  facts,  which  prove  that  a  portion  of  arsenic 
is  oxidized,  and  derives  its  oxygen  partly  from  water  and  partly  from  potassa. 
If  the  heat  is  raised  to  redness,  the  araenious  acid  is  resolved  into  arsenic 
acid  and  metal,  the  former  remaining  as  an  arseniate,  while  the  latter  is 
expelled.  Similar  phenomena  ensue  with  the  hydrates  of  soda,  baryta,  and 
lime ;  except  that  with  the  two  latter  no  arsenic  acid  is  produced.  (Soubeiran 
in  An.  dc  Ch.  et  de  Ph.  xliii.  410.) 

The  frequent  exhibition  of  arseniousacid  as  a  poison  renders  the  detection 
of  this  compound  an  object  of  great  importance  to  medical  practitioners  as 
well  as  to  the  chemist  In  this  as  in  all  similar  inquiries,  the  object  to  be 
held  in  view  is  the  discovery  of  a  few  deciflive  characters,  by  means  of 
which  the  poison  may  be  distinguished  from  all  other  bodies;  and  when 
present  but  in  small  quantity,  either  in  pure  water,  or  in  any  fluids  like- 
hr  to  be  met  with  in  the  stomach,  may  with  certainty  bo  detected. 
The  attention  should  be  fixed  on  one  or  two  tests  of  admitted  value, 
and  all  otJiers  be  set  aside.  With  this  feeling  I  shall  indicate  the  mode 
of  applying  the  three  principal  tests,  namely,  the  ammoniaco-nitrate  of 
silver,  ammoniaco-sulphate  of  copper,  and  hydrosulpharic  acid. 

1.  Arsenious  acid  is  not  precipitated  by  nitrate  of  oxide  of  silver,  unless 
an  alkali  is  present  to  neutralize  tlie  nitric  acid.  Ammonia  is  commonly 
employed  for  the  purpose ;  but  as  arsenite  of  oxide  of  silver  is  very  soluble  in 
ammonia,  an  excess  of  the  alkali  would  retain  the  arsenite  in  solution.  To 
remedy  this  inconvenience,  Mr.  Hume,  of  Long  Acre,  proposed  to  employ 
the  ammoniacal  nitrate  of  silver,  which  is  made  by  dropping  ammonia  into 
a  rather  strong  solution  of  lunar  caustic  till  the  oxide  of  silver,  at  first 
thrown  down,  is  nearly  all  dissolved.  The  liquid  thus  prepared  contains 
the  precise  quantity  of  ammonia  which  is  required;  and  when  mixed  with 
arsenious  acid,  two  neutral  salts  result,  the  soluble  nitrate  of  ammonia,  and 
the  insoluble  yellow  arsenite  of  oxide  of  silver.  Ammoniacal  nitrate  of 
silver  likewise  diminishes  the  risk  of  fallacy  that  might  arise  from  the 
presence  of  phosphoric  acid.  Phosphate  of  oxide  of  silver  is  so  very  soluble 
in  ammonia,  that  when  a  neutral  phosphate  is  mixed  with  the  ammoniacal 
nitrate  of  silver,  the  resulting  phosphate  is  held  almost  eutirely  in  solution 
by  the  free  ammonia. 

This  test,  however,  even  in  its  improved  state,  is  still  liable  to  objectioir. 
For  when  arsenious  acid  in  small  proportion  is  mixed  with  sea  salt,  or  animal 
and  vegetable  infusions,  the  arsenite  of  oxide  of  silver  either  does  not  subside 
at  all,  or  is  precipitated  in  so  impure  a  statu  that  its  characteristic  colour 
cannot  be  distinguished.  Several  methods  have  been  proposed  for  obviating 
this  source  of  fallacy ;  but  Dr.  Christison  hus  shown,  that  this  test,  taken 
singly,  cannot  be  relied  on  in  practice. 

2.  Ammoniacal  sulphate  of  copper,  which  is  made  by  adding  ammonia  to 
a  solution  of  sulphate  of  oxide  of  copper  until  the  precipitate  at  first  thrown 
down  is  nearly  all  redissolvcd,  occasions  with  arsenious  acid  a  green  preci- 
pitate,  which  has  been  long  used  as  a  pigment  under  the  name  of  Scheele*t 
^etn.  This  test,  though  v^cll  adapted  for  detecting  arsenious  acid  dissolved 
in  pure  water,  is  very  fallacious  when  applied  to  mixed  fluids.  Dr.  Chris- 
tison has  proved  that  ammoniacal  sulphate  of  copper  produces  in  some  ani- 
mal  and  vegetable  infusions,  containing  no  arsenic,  a  greenish  precipitate, 
which  may  be  mistaken  for  Scheelc*s  green ;  whereas  in  other  mixed  fluids, 
such  as  tea  and  porter,  to  which  arsenic  has  been  previously  added,  it 
occasions  none  at  all,  if  the  arsenious  acid  is  in  small  quantity.  In  some  of 
these  liquids,  a  free  vegetable  acid  is  doubtless  the  solvent ;  but  arsenite  of 
oxide  of  copper  is  also  dissolved  by  tannin  and  perhaps  by  other  vegetable 
as  well  as  some  animal  principles. 


896  ▲BSiRio. 

3.  When  a  earmit  of  bydroeulphnrie  acid  gtm  ii  condoded  through  « 
•olation  of  araenuMM  acid,  the  flnid  immediately  acquiree  a  yellow  ookHir, 
and  in  a  abort  time  becomee  tarbid,  owinjr  to  the  formation  of  orpiment,  the 
•eaquisulpharet  of  arsenic.  The  precipitate  ia  at  first  partially  snapended  in 
the  liquid ;  bat  as  aoon  aa  free  hydroanlpharic  acid  ia  expelled  by  beating  tbe 
Boiution,  it  Bubsidea  perfectly,  and  may  easily  be  collected  on  a  filter.  One 
condition,  however,  must  be  obeerved  in  order  to  ensure  aucoeaa,  namely, 
that  the  liquid  doea  not  contain  a  free  alkali;  for  aulphuret  of  araenic  ia 
diaaolved  with  remarkable  fiicility  by  pure  potasaa  or  ammonia.  To  avoid 
thia  filUacy,  it  is  necessary  to  acidtdate  the  solution  with  a  little  acetic  or 
hydrochloric  acid.  HydrOsulphuric  acid  likewiae  acta  on  araenic  in  all 
vegetable  and  animal  fluids,  if  previously  boiled,  filtered,  and  acidulated. 

But  it  doea  not  neceaaarily  follow,  because  hydrosulphuric  acid  causes  a 
yellow  precipitate,  that  araenic  is  present ;  since  there  are  not  less  than  four 
other  substances,  namely,  selenium,  cadmium,  tin,  and  antimony,  the  sul- 
pharets  of  which,  judging  from  their  colour  alone,  might  possibly  be  mista- 
ken for  orpiment  From  those  and  all  other  substances  whatever,  the 
sulphuret  of  arsenic  may  be  thus  distinguished. — On  drying  the  sulphuret, 
mixing  it  with  black  flux,  and  heating  the  mixture  contained  in  a  glasa 
tube  to  redneaa  by  meana  of  a  spirit-lamp,  decomposition  ensues,  an9  a 
metallic  crust  of  an  iron-gray  colour  externally,  and  crystalline  on  its  inner 
sur^ce,  is  deposited  on  the  cool  part  of  tbe  tube.  This  character  alone  ia 
quite  satisfactory ;  but  it  is  easy  to  procure  additional  evidence,  by  recon- 
▼erting  the  mctad  into  arsenious  acid,  ao  as  to  obtain  it  in  the  form  of 
resplendent  octohedral  crystals.  This  is  done  by  holding  that  part  of  the 
tube  to  which  the  arsenic  adberea  about  three-fourths  of  an  inch  above  a 
very  small  spirit-lamp  flame,  so  that  the  metal  may  be  slowly  sublimed.  Aa 
il-riaea  in  vapour  it  combines  with  oxygen,  and  is  deposited  in  crystals  with- 
in the  tube.  The  character  of  these  crystals,  with  respect  to  volatility, 
lustre,  transparency,  and  form,  is  so  exceedingly  well  marked,  that  a  prac- 
tised eye  may  aafely  identify  them,  though  their  weight  should  not  exceed 
the  100th  part  of  a  grain.  Thia  experiment  does  not  succeed  unlefw  the 
tube  be  quite  clean  and  dry. 

The  only  circumstance  which  occasions  a  difficulty  in  the  preceding  pro- 
oess,  is  the  presence  of  organic  substances,  which  cause  the  precipitate  to 
subaide  imperfectly,  render  filtration  tedious,  and  froth  up  inconveniently 
during  the  reduction.  Hence,  if  so  abundant  as  materially  to  impede  filtra- 
tion  and  prevent  the  liquid  from  becoming  clear,  they  should  he  removed 
before  hydrosulphuric  acid  is  employed.  This  is  oflen  sufficiently  effected 
by  acidulating  with  acetic  acid,  by  which  caseous  and  albuminoua  sub- 
stances are  coagulated  ;  but  a  more  complete  separation  is  accoi^iplished  by 
evaporating  the  solution  at  a  moderate  heat  to  dryness,  redissolving  anew  by 
boiling  successive  portions  of  distilled  water  on  the  residue,  and  then  filter- 
ing the  solution  after  it  has  cooled.  Most  of  the  organic  matters  are  thus 
rendered  insoluble.  It  is  of  course  necessary  towards  the  close  of  the 
desiccation  to  guard  against  too  high  a  temperature,  since  otherwise  the 
arsenic  itself  might  be  expelled.  (Christison  on  Poisons,  2nd  Edition,  252.) 

It  hence  appears,  that  of  these  various  tests  for  arsenic,  the  only  one 
which  gives  uniform  results,  and  ia  applicable  to  every  case,  is  hydro- 
sulphuric acid,  followed  by  reduction.  No  substance,  indeed,  nor  mixture 
of  substances,  is  known  to  produce  with  all  the  three  liquid  tests  the  same 
precipitate  as  arsenic,  and,  therefore,  tlieir  indications,  when  taken  eon- 
jointly^  can  scarcely  be  considered  otherwise  than  concluaive ;  but  still  to 
most  persons  the  sight  and  characters  of  the  metal  itself  afford  a  higher 
degree  of  evidence  than  the  colour  and  appearance  of  precipitates,  and  it  ia 
certain  that  a  quantity  of  arsenic  which  may  be  thrown  down  by  hydrosnl- 
phurio  acid,  and  obtained  in  the  metallic  atate,  might  be  insufficient  to  yield 
characteristic  compounds  when  divided  into  three  parts  and  examined  by 
three  different  re-agents.  The  method  for  detecting  arsenic  should,  there- 
fore, be  principally  limited  to  the  last : — all  the  reat  may  be  dispensed  with. 
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For  this  great  improvement  in  the  mode  of  testing  for  anenious  acid,  we 
are  indebted  to  Dr.  Christison.  By  this  process  he  discovered  the  presence 
of  arsenioas  acid  when  mixed  with  complex  fluids,  sach  as  tea,  porter,  and 
the  like,  in  the  proportion  of  one-fbarth  of  a  grain  to  an  ounce ;  and  more  re- 
cently be  has  twice  obtained  so  small  a  quantity  as  the  20lh  of  a  grain  from 
the  stomachs  of  people  who  had  been  poisoned  with  arsenic 

The  black  flux  employed  in  the  processes  for  reducing  arsenic,  is  prepared  by 
deflagrating  a  mixture  of  bitartrate  of  potassa  with  rather  less  than  half  its 
weight  of  nitre.  The  nitric  and  tartaric  acids  undergo  decomposition  and  the 
solid  product  is  charcoal  derived  from  tartaric  acid,  and  pure  carbonate  of  po- 
tassa. As  it  contains  a  deliquescent  salt,  it  should  be  kept  in  well  stopped  bot- 
tles. When  this  substance  is  em  ployed  in  the  reduction  of  arsenious  acid  or  its 
salts,  the  charcoal  is  of  course  the  decomposing  agent ;  but  the  alkali  is  of 
use  in  retaining  the  arsenious  acid  until  the  temperature  is  sufiiciently  high 
for  its  decomposition.  With  sulphuret  of  arsenic,  on  the  contrary,  the 
alkali  is  the  active  principle,  the  potassium  of  which  unites  with  sulphur 
and  liberates  the  arsenic;  but  the  charcoal  operates  usefully  by  facilitating 
the  decomposition  of  the  alkaline  carbonate.  The  whole  of  the  arsenic, 
however,  is  not  sublimed;  but  part  of  it  enters  into  union  with  potassium, 
and  remains  with  the  flux. 

Arsenic  Acid, — ^Tbis  compound  is  made  by  dissolving  arsenious  acid  in  con- 
centrated nitric,  mixed  with  a  little  hydrochloric  acid,  distilling  in  glass  till  it 
acquires  the  consistence  of  syrup,  and  then  exposing  it  in  a  platinum  cruci- 
ble for  some  time  to  a  heat  somewhat  short  of  low  redness  to  expel  the 
nitric  acid.  The  acid  thus  prepared  has  a  sour  metallic  taste,  reddens 
vegetable  blue  colours,  and  with  alkalies  forms  neutral  salts,  which  are 
termed  arteniafes.  It  is  much  more  soluble  in  water  than  arsenious  acul, 
dissolving  in  five  or  six  times  its  weight  of  cold,  and  in  a  still  smaller  quantity 
of  hot  water.  It  forms  irregular  grains  when  its  solution  is  evaporated,  but 
does  not  crystallize.  If  strongly  heated  it  fuses  into  a  glass  which  is  deli- 
quescent When  urged  by  a  very  strong  red  heat  it  is  resolved  into  oxygen 
and  arsenious  acid.    It  is  an  active  poison. 

Arsenic  acid  is  decomposed  by  hydrosulphuric  acid  gas,  and  yields  a  sul- 
phuret of  arsenic  very  like  orpimcnt  in  colour,  but  containing  a  greater 
proportional  quantity  of  sulphur.  The  soluble  arseniatcs,  when  mixed  with 
the  nitrates  of  lead  and  silver,  form  insoluble  arson iafes,  the  former  of  which 
has  a  white,  and  the  latter  a  brick.red  colour.  They  dissolve  readily  in 
dilute  nitric  acid,  and  when  heated  with  charcoal  yield*  metallic  arsenic 

Protochloride  of  Arsenic. — It  is  prepared,  according  to  Dumas,  by  intro- 
ducing into  a  tubulated  retort  a  mixture  of  arsenious  acid  with  ten  times 
its  weight  of  concentrated  sulphuric  acid;  and  after  raising  its  temperature 
to  near  212^,  fragments  of  sea-salt  are  thrown  in  by  the  tubular.  If  the  salt 
is  added  in  successive  small  portions,  scarcely  any  hydrochloric  acid  gas 
is  evolved,  and  the  pure  chloride  may  be  collected  in  cooled  vessels.  Towards 
the  end  of  the  process  a  little  water  frequently  passes  over  with  the  chloride ; 
but  this  hydrated  portion  does  not  mix  with  the  anhydrous  chloride,  bat 
swims  on  its  surface.  The  hydrate  may  be  decomposed,  and  a  pure  chlo- 
ride obtained,  by  distilling  the  mixture  from  a  sufficient  quantity  of  concen- 
trated sulphuric  acid.  Dumas  considers  this  compound  a  protochloride  of 
arsenic,  so  that  it  is  probably  different  from  that  obtained  by  means  of  cor- 
rosive sublimate.     (Quarterly  Journal  of  Science,  N.  S.  i.  235.)     ' 

Sesquichloride  of  Arsenic, — When  arsenic  in  powder  is  thrown  into  a  jar 
ibll  of  dry  chlorine  gas,  it  takes  fire  and  sesquichloride  of  arsenic  is  gene- 
rated ;  and  the  same  compound  may  be  formed  by  distilling  a  mixture  of 
six  parts  of  corrosive  sublimate  with  one  of  arsenic.  It  is  a  colourless  vola- 
tile liquid,  which  fumes  strongly  on  exposure  to  the  air,  hence  called/ttfRtng 
liquor  of  arsenic^  and  is  resolved  by  water  into  hydrochloric  and  arsenious 
acids.    (Dr.  Davv.) 

Periodids  of  Arsemc  is  formed  by  bringing  its  elemenii  into  contact,  and 
promoting  omen  by  gentle  heat    They  form  a  deep>red  compound,  which 
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is  roflolved  into  anenie  and  hydriodic  acids  by  iht  aetkm  of  water.   (Pliiaon 
m  An.  da  Ch.  et  de  Ph.  xziix.  366.) 

Setqmkrmnide  of  Artenic^ — ^The  elements  of  this  oompoand  unite  at  the 
moment  of  contact,  with  vivid  evolution  of  heat  and  light  Sernllas  prepared 
it  by  adding  dry  arsenic  to  bromine  as  long  as  light  was  emitted,  the  former 
being  added  in  successive  small  quantities,  to  prevent  the  temperature  from 
rising  too  high.  The  bromide  is  then  distilled,  and  collected  in  a  cool  re- 
ceiver.   (An.  de  Ch.  et  de  Ph.  zxzviii  318.) 

This  compound  is  solid  at  or  below  68<>,  liquifies  between  68^  and  77°, 
and  boils  at  4SiSP.  As  a  liquid  it  is  transparent  and  slightly  yellow,  and 
▼ields  long  prisms  by  evaporation.  By  water  it  is  resolved  into  arseniousand 
nydrobromic  acids. 

Protohydurei  of  Ar$enie, — ^This  compound,  which  is  solid  and  of  a  brown 
colour,  was  discovered  by  Davy  as  well  as  Gay.Lussac  and  Thenard.  The 
former  prepared  it  by  attaching  a  piece  of  arsenic  to  the  negative  wire  during 
the  decomposition  of  water  by  galvanism  ;  and  the  French  chemists,  by  the 
action  of  water  on  an  aUoy  of  potassium  and  arsenic. 

Aneniuretted  ihfdrogen. — This  gas,  which  was  discovered  by  Scheele, 
has  been  studied  by  Proust,  Trommsdorf,  and  others,  but  especially  by 
Stromeyer.  It  is  generally  made  by  digesting  an  alloy  of  tin  and  arsenic  in 
hydrochloric  acid ;  but  as  thus  prepared  it  is  always  mixed  with  free  hydro- 
gen. Sonbeiran  generated  it  by  fusing  arsenic  with  its  own  weight  of 
n'anulated  zinc,  and  decomposing  the  alloy  with  stron|r  hydrochloric  acid. 
The  gas,  thus  developed,  is  quite  flree  from  hydrogen,  being  absorbed  without 
residue  by  a  saturated  solution  of  sulphate  of  oxide  of  copper.  Its  sp.  gravity, 
according  to  Dumas,  is  2.695.  It  is  colourless,  and  has  a  fetid  odour  like 
that  of  garlic.  It  extinguishes  bodies  in  combustion,  but  is  itself  kindled  by 
them,  and  bums  with  a  blue  flame.  It  instantly  destroys  small  animals  that 
are  immersed  in  it,  and  is  poisonous  to  man  in  a  high  degree,  having  proved 
fiital  to  a  Grerman  philosopher,  the  late  M.  Gehlen.  Water  absorbs  one-fiflh 
of  its  volume,  and  acquires  the  odour  of  the  gas.  It  wants  altogether  the 
properties  of  an  acid. 

Arseniuretted  hydrogen  is  decomposed  by  various  agents.  It  suffers  gra- 
dual decomposition  when  mixed  with  atmospheric  air,  water  being  formed, 
and  metallic  arsenic,  together  with  a  little  oxide,  deposited.  With  nitric 
acid,  water  is  generated,  and  a  deposite  of  metal  takes  place,  which  is  sub- 
sequently oxidized.  Chlorine  decomposes  it  instantly  with  disengagement  of 
heat  ancl  light,  hydrochloric  acid  being  generated,  and  the  metal  set  free. 
With  iodine  it  yields  hydriodic  acid  gas  and  iodide  of  arsenic,  and  sulphur 
and  phosphorus  produce  analogous  changes.  By  its  action  on  salts  of  the 
easily  reducible  metals,  such  as  silver  and  gold,  the  metal  is  revived,  and 
its  oxygen  uniting  with  the  elements  of  the  gas  constitutes  arsenious  acid 
and  water.  With  salts  of  copper  the  products  are  water  and  arseniuret  of 
copper ;  and  with  several  other  metallic  salts  its  action  is  similar. 

Soubeiran  observed  that  arseniuretted  hydrogen  in  a  glass  tube  is  com- 
pletely decomposed  by  the  heat  of  a  spirit-lamp,  and  that  its  hydrogen  oc- 
citpies  one  and  a  half  as  much  space  as  when  in  combination.  He  has  also 
confirmed  the  observation  of  Dumas  that  when  mixed  with  oxygen,  and 
detonated  by  the  electric  spark,  each  volume  of  the  gas,  in  forming  VTater 
and  arsenious  acid,  requires  one  and  a  half  its  volume  of  oxygen  gas.  The 
oxygen,  therefore,  is  equally  divided  between  the  arsenic  and  hydrogen ;  and 
arseniuretted  hydrogen  consists  of  one  equivalent  of  arsenic  and  one  and  a 
half  of  hydrogen.  By  volume,  it  is  composed  of  quarter  of  a  volume  of  the 
vapour  of  arsenic,  and  one  and  a  halfof  hydrogen,  condensed  into  one  volume. 
(An.  de  Ch.  et  de  Ph.  xliii.  407.) 

StdphmreU  of  ^rtentc— Sulphur  unites  with  arsenic  in  at  least  three  pro- 
portions, forming  compounds,  two  of  which  occur  in  the  mineral  kingdom, 
and  are  well  known  by  the  names  of  realgar  and  orpimvtd.  Realgar  or 
t^M  proUmilphiitTet  may  be  formed  artificially  by  heating  arsenious  acid  with 
about  half  its  weight  of  sulphur,  until  the  mixture  is  brought  into  a  state 
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of  per&et  fusian.  The  cooled  mass  is  crystaHine,  transparent,  and  of  a  ruby 
red  colour;  and  may  be  sublimed  in  close  vessels  without  change. 

Orpiment,  or  eet^isulph/ret  of  arsenic,  may  be  prepared  by  fosinir  to- 
gether equal  parts  of  arsenious  acid  and  sulphur ;  but  the  best  mode  of  ob> 
taining  it  quite  pure  is  by  transmitting  a  current  of  hydrosulphuric  acid  gas 
through  a  solution  of  arsenious  acid.  Orpiment  has  a  rich  yellow  colonr, 
fuses  readily  when  heated,  and  becomes  crystalline  on  cooling,  and  in  close 
vessels  may  be  sublimed  without  change.  It  is  dissolved  with  great  facility 
by  the  pure  alkalies,  and  yields  colourless  solutions. 

Orpiment  is  employed  as  a  pigment,  and  is  the  colouring  principle  of  the 
paint  called  King*»  yeUow.  Braconnot  has  proposed  it  likewise  for  dyeing 
silk,  woolen,  or  cotten  stuffs  of  a  yellow  colour ;  the  cloth  being  soaked  in  a 
solution  of  orpiment  in  ammonia,  and  then  suspended  in  a  warm  apartment 
The  alkali  evaporates,  and  leaves  the  orpiment  permanently  attached  to  the 
doth.     (An.  de  Ch.  et  de  Ph.  xii.) 

PernUphmret  of  nnenic  is  prepared  by  transmitting  hydrosulphuric  acid 
gas  through  a  moderately  strong  solution  of  arsenic  acid ;  or  by  saturating 
a  solution  of  arseniate  of  potassa  or  soda  with  the  same  gas,  and  acidulating 
with  hydrochloric  or  acetic  acid.  The  oxygen  of  the  acid  unites  with  the 
hydrogen  of  the  gas,  and  presulpharet  of  arsenic  snbudes.  In  colour  it  is 
very  similar  to  orpiment,  is  dissolved  by  pure  alkalies,  fuses  by  heat,  and 
may  be  sublimed  in  close  vessels  without  decomposition. 

The  experiments  of  Orfila  have  proved  that  the  sulphurets  of  arsenic  are 
poisonous,  though  in  a  much  less  degree  than  arsenious  acid.  The  precipi- 
tated sulpburet  is  more  injurious  than  native  orpiment. 
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CHROMIUM.— VANAWUM. 
CHROMIUM. 

Chkohivh*  was  discovered  in  the  year  1797  by  Vauquelin  iu  a  beautiful 
red  mineral,  the  native  dichromate  of  oxide  of  lead.  (An.  de  Ch.  xxv.  and 
Ixx.)  It  has  since  been  detected  in  the  mineral  called  ehromate  of  tron,  a 
compound  of  the  oxides  of  chromium  and  iron,  which  occurs  abundantly  in 
several  parts  of  the  continent,  in  America,  and  at  Unst  in  Shetland. 
(Hibbert) 

Metallic  chromium  may  be  obtained  by  exposing  its  oxide  mixed  with 
charcoal  to  the  most  intense  heat  of  a  smithes  forge ;  but  owing  to  its  strong 
affinity  for  oxy^n,  the  reduction  is  extremely  difficult  A  better  process, 
that  of  Vauquelin,  is  to  mix  the  dry  chloride  into  a  paste  with  oil,  place  the 
mass  in  a  crucible  lined  with  charcoal,  lute  on  a  cover,  and  to  expose  it  for 
an  hour  to  a  very  strong  heat  As  thus  obtained  chromium  has  a  white 
colour  with  a  shade  of  yellow,  and  a  distinct  metallic  lustre.  It  is  a  brittle 
metal,  very  infusible,  and  with  difficulty  attacked  by  acids,  even  by  the  nitro- 
hydrochloric.  Its  sp.  gravity  has  been  stated  at  5.9 ;  but  Thomson  found  it 
a  little  above  5.  When  fused  with  nitre  it  is  oxidized,  and  converted  into 
chromic  acid.  Liebig  has  obtained  the  metal  in  the  form'  of  a  black  powder, 
which  acquires  the  metallic  aspect  from  pressure,  by  heating  the  compound 
of  terchloride  of  chromium  and  ammonia  to  redness,  and  transmitting  over  it 
dry  ammoniacal  gas:  the  chlorine  unites  with  the  hydrogen  of  the  ammonia, 
hydrochloric  acid  and  nitrogen  gases  are  evolved,  and  pulverulent  chromium 

*  X{^^  toUnr^  firaai  tU  remarkaUe  tendency  to  ibim  oolonred  com- 
pounds. 
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refraain*.  A  1111]  more  convenient  process  is  to  decompose  the  sesquichloride 
by  heat  and  amrooniacal  grae,  in  which  case,  the  metal  has  a  chocolate -brown 
colour.  In  this  finely  divided  state,  it  takes  fire  when  heated  in  the  open  air. 
(An.  de  Ch.  et  de  Ph.  xlviii.  297.) 

Chromiam  unites  with  oxygen  in  two  proportions,  forming  the  green 
oxide  and  chromic  acid.  From  the  experiments  of  Berzelius  and  Thomson 
the  equivalent  of  chromic  acid  may  be  estimated  at  52;  and  as  the  salts  of 
this  acid  are  isomorpho/is  with  the  sulphates  and  seleniates,  it  is  inferred 
that  chromic  acid  has  the  same  atomic  constitution  as  sulphuric  and  selenic 
acids,  or  consists  of  one  atom  of  chromium  and  three  atoms  of  oxygen. 
Berzelius  has  moreover  remarked,  that  when  the  acid  is  converted  into  the 
ffreen  oxide  of  chromium,  it  parts  with  exactly  half  of  its  oxygen.  Hence 
24  deducted  from  52,  leaves  28  as  the  equivalent  of  chromium.  The  com- 
position  of  its  compounds  described  in  this  section  is  as  follows : — 

Chromium.  Equiv.  Formulas. 

^w?dL^        ise    2oq.+0xygen  24      3eq.«  80      2Cr4.30orCr. 
^^^^      1 28    leq.+     do        24      3eq.=  52      Cr-f-30  or  Cr. 
dhterlde       1 56    2  eq.+CLlor.  106.26  3eq.=162ii6  2Cr-f-3a  or  Craa». 
'dde"^      Us    1  eq.+  do.     10656  3 eq.= 134.26  Cr+SaorCias. 
S«juifluo.  kg    2  eq.  +  Fluor.  56.04  3  eq.  =112.04  2Cr+3F  or  Cr«F3. 

Terflooride    28     1  eq.-f    do.     56.04  3 eq.=  84.04  Cr+3ForCrF». 
Sesquisul- 


phuret 
Protophoe-. 
phuret 


56    2  eq.  +  Sulph.   48.3   3eq.=104.3    2Cr-|.3S  or  CrsS3. 

'28    1  eq.-fPhosph.l5.7  1  eq.=  43.7   Cr  +  PorCrP. 

SeBquioxiae  of  Chromium* — Tliis,  the  only  known  oxide  of  chromium,  is 
prepared  by  dissolving  chromate  of  potassa  in  water,  and  mixing  it  with  a 
solution  of  nitrate  of  protoxide  of  mercury ;  when  an  orange-coloured  pre- 
cipitate, chromate  of  that  oxide,  subsides.  On  heating  this  salt  to  redness 
in  an  earthen  crucible,  the  mercury  is  dissiputed  in  vapour,  and  the  chromic 
acid  is  resolved  into  oxygen  and  oxide  of  chromium. 

Oxide  of  chromium  iH  of  a  green  colour,  exceedingly  infusible,  and  sufiera 
no  chanee  by  heat  It  is  insoluble  in  water,  and  afler  being  stronffly  heated, 
resists  llie  action  of  the  most  powerful  acids.  Deflagrated  with  nitre,  or 
fused  with  chlorate  of  potassa,  it  is  oxidized  to  its  maximum,  and  is  thus  re- 
converted into  chromic  acid.  Fused  with  borax  or  vitreous  substanoea,  it 
communicates  to  them  a  beautiful  green  colour,  a  property  which  affords  an 
excellent  test  of  its  presence,  and  renders  it  exceedingly  useful  in  the  arts. 
The  emerald  owes  its  colour  to  the  presence  of  this  oxide. 

Oxide  of  chromium  is  a  salifiable  base,  and  its  salts,  which  have  a  green 
colour,  mav  easily  be  prepared  in  the  following  manner.  To  a  boiling  so- 
lution of  chromate  of  potassa  in  water,  equal  measures  of  stronv  hydro- 
chloric acid  and  alcohol  are  added  in  successive  small  portions,  untu  the  red 
tint  of  the  chromic  acid  disappears  entirely,  and  the  liquid  acquires  a  pure 
green  colour.  On  pouring  an  excess  of  pure  ammonia  into  this  solution,  a 
pale  green  bulky  hydrate  subsides,  which  consiaU  of  one  equivalent  of  tba 
oxide  and  twenty-six  equivalents  of  water.  (Thomson.)  The  oxide,  in  this 
state,  is  readily  dissolved  by  acids.  On  expelling  the  water  by  heat,  the  sud- 
den approximation  of  the  f»articles,  which  abruptly  occurs  at  a  certain  tem- 
perature, causes  such  intense  evolution  of  heat  that  the  whole  mass  becomes 
vividly  incandescent 

The  anhydrous  oxide  is  formed  when  bichromate  of  potassa  is  briskly 
boUed  with  sugar  and  a  little  hydrochloric  acid.  At  first  a  brown  matter 
falls,  consisting  of  the  acid  and  oxide  of  chromium ;  but  sabseqncntly  ths 
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gnen  oxide  Bppevn  in  the  form  of  a  finely  divided  powder.  If  the  biehro- 
mate  and  sugar  are  employed  without  hydrochloric  acid,  the  brown  matter 
is  the  only  solid  product,  and  on  boiling  this  compound  with  a  little  carbo- 
nate c^potaasa,  a  greenish-blue  carbonate  of  chromium,  of  a  very  fine  colour, 
is  obtained  For  Uiis  mode  of  preparation  I  am  indebted  to  my  late  pupil, 
Mr.  Thomas  Thomson,  of  Clitheroe,  near  Manchester. 

Ckromie  iieuL— This  acid  is  best  prepared  by  transmitting  the  gaseouB 
fluoride  ot  chromium  into  water  contained  in  a  vessel  of  silver  or  i^tinum, 
when  by  mutual  decomposition  of  the  gas  and  the  water,  hydrofluoric  and 
ehromic  acids  are  generated :  tho  former  is  then  expelled  by  evaporating  the 
solution  to  dr]rnees,  and  the  latter  in  a  pure  state  remains.  If  the  gas  is  con- 
ducted  into  a  nlver  vessel  which  is  only  moistened  with  water,  and  the  aperture 
of  which  is  closed  by  a  piece  of  moist  paper,  the  chromic  acid  is  obtained  in 
the  form  of  acicolar  crystals  of  a  cinnabar-red  colour,  which  are  so  volumi- 
nous and  abundant  as  to  fill  the  interior  of  the  vessel.  Another  method  of 
preparing  chromic  acid  has  been  suggested  by  M.  Arnold  Mans,  which  con- 
sists in  woomposin^  a  hot  concentrated  solution  of  bichromate  of  potassa  by 
stiicated  bydroflnonc  acid.  The  chromic  acid,  after  being  separated  from 
the  sparingly  soluble  fluoride  of  siliciom  and  potassium,  is  evaporated  to 
dryness  in  a  platinum  capsule,  and  then  redissolved  in  the  smallest  possible 
quantity  of  water.  By  this  means  the  last  portions  of  the  double  salt  are 
rendered  insoluble,  and  the  pure  chromic  acid  may  be  separated  by  decanta- 
tioh.  The  acid  must  not  be  filtered  in  this  concentrated  state,  as  it  then 
corrodes  paper  like  sulphuric  acid,  and  is  converted  into  chromate  of  the 
green  oxide  of  chromium.  When  it  is  wished  to  prepare  a  large  quantity  of 
chromic  acid  by  this  process,  porcelain  vessels  may  be  safely  employed  in 
the  first  part  of  the  operation,  provided  care  is  taken  to  add  a  quantity  of 
silicated  hydrofluoric  acid  not  quite  sufficient  for  precipitating  the  whole  of 
the  potassa.    (Edinburgh  Journal  of  Science,  viii.  175.) 

This  acid  was  formerly  prepared  by  digesting  chromate  of  baryta  or 
oxide  of  lead  in  dilute  sulphuric  acid,  the  quantity  of  the  latter  being  regu- 
lated with  the  view  of  decomposing  the  chromate  without  being  in  excess. 
A  dark  ruby-red  solution  is  thus  obtained,  which  by  evaporation  yields  irre- 
gular crystals,  and  was  supposed  to  contain  pure  chromic  acid ;  but  Gay- 
Lussac  showed  that  the  acid  when  thus  procured  is  never  pure,  being  inti- 
mately combined  with  sulphuric  acid.  On  endeavouring  to  expel  the  latter 
by  heat,  the  chromic  acid  itself  yields  oxygen,  and  is  more  or  less  completely 
converted  into  sulphate  of  the  green  oxide. 

Pure  dry  ehromic  acid  is  black  while  warm,  and  of  a  dark  red  colour 
when  cold.  It  is  very  soluble  in  water,  rendering  it  red  or  yellow  according 
to  the  degree  of  dilution ; — when  the  solution  is  concentrated  by  heat  and  allow- 
ed  to  cool,  it  depositee  red  crystals,  which  deliquesce  readily  in  the  air.  In 
alcohol  it  is  also  soluble,  but  the  action  of  heat  or  light  causes  its  conversion 
into  the  green  oxide.  Its  taste  is  sojjr,  and  with  alkalies  it  acts  as  a  strong 
acid.  It  is  converted  into  the  green  oxide,  with  evolution  of  oxygen,  by  ex- 
posure to  a  strong  heat  It  yields  a  chloride  when  boiled  with  hydrochloric 
acid  and  alcohol,  and  the  direct  solar  rays  have  a  similar  effect  when  hydro- 
chloric acid  is  present:  the  mutual  action  sets  chlorine  free,  and  hence  the 
solution  acquires  the  property  of  dissolving  gold.  With  sulphurous  acid  it 
forms  a  sulphate  of  the  oxide ;  and  it  is  more  or  less  completely  converted 
into  the  oxide  by  being  boiled  with  sugar,  starch,  or  various  other  organic 
principles.  It  destroys  the  colour  of  indigo,  and  of  most  vegetable  and 
animal  colouring  matters;  a  property  advantageously  employed  in  calico- 
IHrlnting,  and  which  manifestly  depends  on  the  facility  with  which  it  is  de- 
prived of  oxygen. 

Chromic  acid  is  characterized  by  its  cobur,  and  by  forming  coloured  salts 
with  alkaline  bases.  The  most  important  of  these  salts  is  chromate  of  oxide 
of  lead,  which  is  found  native  in  small  quantity,  and  is  easily  prepared  by 
mixing  chromate  of  potassa  with  a  soluble  salt  of  lead.    It  is  of  a  rich  yet 
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low  colour,  tnd  b  employed  in  the  mrte  of  paintingr  and  dyetn|^  to  great  ex- 
tent 

When  BulphuroQi  acid  gas  is  transmitted  into  a  solution  of  cfaromate  or 
bichromate  of  potassa,  a  brown  precipitate  subsides,  which  was  long  regard- 
ed as  a  distinct  oiide  of  chromium  ;  but  Dr.  Thomson  has  proved  that  it  is 
the  green  oiide  combined  with  a  little  chromic  acid.  The  acid  may  in  a 
great  measure  be  washed  away  by  means  of  water,  and  by  ammonia  it  is 
entirely  removed ;  but  the  best  mode  of  separating  it,  istodinolve  the  brown 
matter  with  hydrochloric  acid,  and  then  precipitate  the  green  oxide  by  am- 
monia. The  brown  compound  may  be  formed  by  boiling  a  solution  of  bichro- 
mate of  potassa  with  alcohol;  and  it  is  also  rapidly  generated,  when 
bichromate  of  potassa  is  gently  boiled  with  sugar  and  a  very  little  hydro- 
chloric acid. 

Seiquichloride  of  Chromium, — It  is  prepared  by  transmitting  dry  chlorine 
gas  over  a  mixture  of  oxide  of  chromium  and  charcoal  heated  to  redness  in 
a  tube  of  porcelain ;  when  the  sesquichloride  gradually  collects  as  a  crystalline 
sublimate  of  a  peach-purple  colour,  which  in  thin  layers  is  Uansparent,  but 
in  thicker  masses  is  opaqua  Another  method  is  to  evaporate  the  green  solu- 
tion of  this  chloride  gently  to  dryness  at  a  temperature  of  212^,  when  a  green 
powder  remains,  consisting  of  -one  eq.  of  the  sesquichloride  and  three  eq.  of 
water  (Cr>  Cl>  4-311),  these  elements  being  exactly  in  the  ratio  to  form 
sesquioxide  of  chromium  and  hydrochloric  acid.  On  raising  the  temperature 
above  212^,  no  water  is  lost  until  it  roaches  400^ :  the  powder  then  begins  to 
swell  up  from  the  escape  of  water, 'the  colour  changes  from  green  to  the  red 
of  peach-blossoms,  and  pure  sesquichloride  remains.  This  part  of  the  pro- 
cess should  be  conducted  in  a  tube  from  which  air  is  excluded  by  a  current 
of  dry  carbonic  acid  gas.  These  phenomena  are  quoted  by  Liebig  as  fiivour- 
ing  the  notion  that  the  green  solution  and  powder  are  a  hydrochlorate  of 
an  oxide  and  not  a  chloride  witli  water. 

The  sesquichloride  of  chromium  dissolves  slowly,  forming  a  deep  green 
solution.  The  same  may  be  prepared  by  directly  dissolving  the  bydrated 
oxide  in  hydrochloric  acid ;  or  by  digesting  chromate  of  oxide  of  lead  in 
strong  hydrochloric  acid,  addincf  a  little  alccmol  from  time  to  time  to  promote 
the  deoxidation  of  chromic  acid,  and  then  separating  the  resulting  chloride 
of  chromium  from  that  of  lead  by  strong  alcohol,  which  together  with  any 
excess  of  hydrochloric  acid  is  ultimately  expelled  by  evaporating  to  dryness. 
Traces  of  lead  which  may  have  been  dissolved  are  easily  precipitated  by 
hydrosulphuric  acid. 

Terchloride  of  Chromium — This  compound  is  formed  by  the  action  of 
fuming  sulphuric  acid  on  a  mixture  of  about  equal  weights  of  chromate  of 
oxide  of  lead  and  chloride  of  sodium  ;  or  by  fusing  bichromate  of  potassa 
with  twice  its  weight  of  chloride  of  sodium,  breaking  the  mass  into  coarse 
fragments,  and  decomposing  by  fuming  sulphuric  acid  aided  by  gentle  heat. 
The  same  chang^e  ensues  as  in  the  formation  of  terfluoride  of  chromium, 
and  a  red  vapour  passes  over,  which  is  readily  condensed  into  a  heavy  vola- 
tile liquid  of  the  same  colour.  It  yields  abundant  red  vapours  when  exposed 
to  the  air,  and  is  instantly  decomposed  by  water,  yielding  a  solution  of  hy- 
drochloric and  chromic  acids.  It  was  discovered  by  Unverdorben  at  the 
same  time  with  terfluoride  of  chromium. 

Seaquijluoride  of  Chromium  is  formed  by  dissolving  the  oxide  in  hydro- 
fluoric acid,  and  evaporating  the  solution  to  dryness,  when  the  sesquifluoride 
remains  as  a  green  crystalline  residue,  which  is  soluble  in  water. 

Terfluoride  of  Chromium. — ^When  a  mixture  of  3  parts  of  floor  spar  and 
4  of  chromate  of  oxide  of  lead  is  distilled  with  5  parts  of  fuming  or  even 
common  sulphuric  acid  in  a  leaden  or  silver  retort,  a  red-coloured  gas  is 
disengaged,  which  acts  rapidly  upon  glass,  with  deposition  of  chromic  acid 
and  formation  of  floosilicic  acid  gas.  It  is  decomposed  by  water,  and  the 
solution  is  found  to  contain  a  mixture  of  hydrofluoric  and  chromic  acids. 
The  watery  vapour  of  the  atmosphere  effects  its  decomposition ;  so  that  when 
mixed  with  air,  red  fumes  appear,  owing  to  the  separation  ofminute  crystals 
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of  chromic  acid.  Its  composition  is  inftrred  fhnn  the  products  which  it 
forms  with  water ;  since 

1  eq.  terflaoride    &    3  eq.  water    S     1  eq.  chromic  &  3  eq.  hydrofl.  acid. 
Cr+3F;  3(H+0)    •»  Cr  +  30  3(H+F). 

The  red  colour  of  terfluoride  of  chromium  naturally  excites  the  suspicion 
that  the  gas  itself  may  consist,  not  of  fluoride  of  chromium,  but  of  hydroflu- 
oric and  chromic  acids ;  and  its  production  by  means  of  hydrous  sulphuric 
acid  is  consistent  with  this  idea.  But  since  the  gas  may  also  be  lormed 
from  Huor  spar,  chromate  of  oxide  of  lead,  and  anhydrous  sulphuric  acid,  it 
is  clear  that  this  ?iow  is  inadmissible;  The  changes  which  accompax^y 
the  formation  of  the  gas  will  be  apparent  on  comparing  the  formulsB  of  the 
ingredients  used  and  of  the  products  obtained.    Thus, 

leq.  chromate  ox.  lead  4  eq.  real  sulphuric  acid  3  eq.  fluor  spar 

(Pb+0)+(Cr+30),  4(S+30},  3(Ca  +  F). 

yield  by  mutual  reaction 
1  eq.  terfluoride  of  chromium ;  1  eq.  sulphate  ox.  lead ;  3  eq.  sulphate  of  lime. 

Cr+SF;  Pb-fS;  3(Ca+i). 

This  gas  was  discovered  in  the  year  1825  by  M.  Unverdorben.  (Ed. 
Journal  of  Science,  iv.  129.) 

Sesquisulj^ret  of  Chromium  may  be  ibrmed  by  transmitting  the  vapour 
of  bisulphuret  of  carbon  over  oxide  of  chromium  at  a  white  heat;  by  heating 
in  close  vessels  an  intimate  mixture  of  sulphur  and  the  hydrated  oxide;  by 
fusing  the  oxide  with  a  persulphuret  of  potassium,  and  dissolving  Uie  solubte 
parts  in  water ;  or  by  transmitting  hydrosolphuric  acid  gas  aided  by  heat 
over  the  sesquichloride  of  chromium.  It  cannot  be  prepared  in  the  moist 
way.  It  is  of  a  dark  gray  colour,  and  acquires  metallic  lustre  by  friction  in 
a  mortar.  It  is  readily  oxidized  when  heated  in  the  open  air,  and  is  dissolved 
by  nitric  or  nitro-hydrochloric  acid. 

Proiophosphurei  of  Chromium, — Rose  prepared  this  compound  by  acting 
on  the  sesquichloride  of  chromium  by  phoephuretted  hydrogen  gas  at  a  red 
heat  >  By  mutual  interchange  of  elements 

1  eq.  sesquichloride        2  Cr^-SCl  :S  2  eq.  phosphuret  2(Cr4.P) 

&  1  eq.  phosph.  hyd.        3H +2P    '1.  &  3  eq.  hydrochloric  acid   3(H  -f-Cl) 

This  phosphuret  is  black,  insoluble  in  hydrochloric  acid,  feebly  attacked  by 
nitric  and  nitro-hydrochloric  acid,  and  bums  before  the  blowpipe  with  a 
flame  of  phosphorus. 

Another  phosphuret  of  a  gray  colour  may  be  formed  by  exposing  the 
phosphate  of  oxide  of  chromium  to  a  strong  heat  in  a  covered  crucible  lined 
with  charcoal.    Its  composition  b  unknown. 

VANADIUM. 

Vanadium,  so  called  from  Vanadis,  the  name  of  a  Scandinavian  Deity, 
was  discovered  in  the  year  1830  by  Professor  SefstrOm,  of  Fahlun,  in  iron 
prepared  from  the  iron^re  of  Jaberg  in  Sweden.  The  state  in  which  it 
occurs  in  the  ore  is  unknown ;  but  SefstrOm  separated  it  from  the  iron  by 
dissolving  the  latter  in  hydrochloric  acid,  when  a  black  powder  came  into 
view  containing  a  small  quantity  of  vanadium,  together  with  iron,  copper, 
cobalt,  silica,  alumina,  and  lime.  He  aflerwards  found  a  more  abundant 
source  in  the  slag  or  cinder  formed  during  the  conversion  of  the  cast-iron 
of  Jabcrg  into  malleable  iron.  Soon  after  SefstrOm*s  discovery,  the  same 
metal  was  found  by  Mr.  Johnston,  of  Durham,  in  a  mineral  from  Wanlock* 
head  in  Scotland,  where  it  occurs  as  a  vanadiate  of  oxide  of  lead.  A  similar 
mineral,  found  at  Zimapan  in  Mexico,  was  examined  in  the  year  1801  by 
Professor  del  Rio,  who,  in  the  belief  of  having  discovered  a  new  metal,  gave 
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it  the  name  of  Erythromum^  apparently  iVein  the  red  ooloar  of  ita  acid ;  Imt 
aa  M.  Ckillet  Deacotila,  on  being  appealed  to,  declared  the  mineral  to  be 
chromate  of  lead,  del  Rio  abandoned  his  own  opinion  in  deference  to  a 
higfher  authority.  Thus  have  three  persons  noticed  the  existence  of  vana- 
dium,  .without  the  knowledge  of  each  other's  labours;  but  the  merit  of  being 
the  first  discoverer  is  fairly  due  to  Professor  Sefstrom.* 

From  the  slag  above  mentioned  vanadic  acid  may  be  obtained  by  the  follow- 
ing process,  contrived  by  SefstrOm  and  improved  by  BerzeliuF.  The  slag  in 
fine  powder,  mixed  with  its  own  weight  of  nitre  and  twice  its  weight  of 
carbonate  of  potassa,  is  strongly  ignited  for  the  space  of  one  hour.  The 
soluble  parts  are  then  removed  by  boiling  water,  and  the  solution,  after 
being  filtered  and  neutralized  with  colourless  nitric  acid,  is  precipitated  by 
chloride  of  barium  or  acetate  of  lead.  The  precipitate,  which  consists  of 
vanadiate  and  phosphate  of  baryta  or  oxide  of  lead,  zirconia,  alumina,  and 
silicic  acid,  is  decomposed,  while  still  moist,  by  digestion  with  strong  sul- 
phurie  acid ;  to  the  deep-red  solution  alcohol  is  then  added,  when  by  con- 
tinued digestion  ether  is  disengaged,  and  all  the  vanadic  acid  converted  into 
the  salifiable  oxide,  the  solutions  of  which  are  blue; — a  change  effected  in 
order  the  more  completely  to  remove  the  vanadic  acid  from  the  insoluble 
matters.  The  blue  liquid  is  then  evaporated,  and  when  it  acquires  a  syrupy 
consistence,  it  is  mixed  in  a  platinum  crucible  with  a  little  hydrofluoric  acid, 
and  sharply  heated  in  an  open  fire.  By  this  means  the  silicic  acid,  which 
can  only  be  got  rid  of  in  this  way,  is  converted  into  the  gaseous  fluoride  of 
silicium,  the  sulphuric  acid  expelled,  and  the  oxide  reconverted  into  the  acid 
of  vanadium. 

The  vanadic  acid  still  contains  phosphoric  acid,  alumina,  and  xiroonia. 
For  its  further  purification  it  is  fused  with  nitre  added  in  successive  small 
portions,  until,  on  cooling  a  small  quantity,  the  red  tint  is  found  to  have 
di<iappeared.  In  this  process  the  acid  of  the  nitre  is  displaced  by  the  phos- 
phoric and  vanadic  acids,  the  object  being  to  cause  those  acids  to  unite  with 
potassa  without  employing  an  excess  of  nitre.  The  vanadiate  and  phosphate 
of  potassa  are  then  taken  up  by  as  small  a  quantity  of  water  as  will  suffice, 
and  into  the  filtered  liquid  a  piece  of  sal  ammoniac,  larger  than  can  be  dis- 
solved by  it,  is  introduced  :  as  it  dissolves,  vanadiate  of  ammonia,  insiduble 
in  a  saturated  solution  of  sal  ammoniac,  subsides  as  a  white  powder,  leaving 
the  phosphoric  acid  in  the  liquid.  The  vanadiate  of  ammonia  should  be 
first  washed  with  a  solution  of  sal  ammoniac,  and  then  with  alcohol  of 
specific  gravity  0.86. 

By  heating  this  salt  in  an  open  platinum  crucible,  vanadic  add  is  obtain- 
ed ;  but  the  temperature  ought  to  be  kept  below  that  of  redness,  and  the 
mass  be  well  stirred  until  it  acquires  a  dark  red  colour.  Heated  in  dose 
vessels  the  vanadiate  of  ammonia  is  converted  principally  into  the  salifiable 
oxide ;  though  some  of  the  protoxide  and  acid  are  mixed  with  it  With  the 
zirconia  and  alumina,  lefl  by  the  water  after  fusion  with  nitre,  some  vana- 
dium remains :  it  may  be  extracted  by  fusion  with  sulphur  and  carbonate  of 
potassa,  when  a  double  s.lphuret  of  vanadium  and  potassium  is  generated, 
which  is  soluble  in  water.  On  adding  sulphuric  acid  to  the  solution,  sul- 
phuret  of  vanadium  is  precipitated. 

The  preparation  of  vnnadium  from  the  native  vanadiate  of  lead  is  much 
leas  complicated  than  the  process  above  described.  It  suffices  to  dissolve 
the  ore,  as  Mr.  Johnson  advises,  in  nitric  acid,  and  to  preeifHtate  the  lead 
by  hydroeulphuric  acid,  which  also  throws  down  any  arsenic  that  may  be 
present  As  vanadic  acid  is  deoxidized  by  hydrosulpburic  add,  a  blue  solu- 
tion is  formed ;  but  by  evaporating  to  dryness,  the  acid  is  reproduced.  The 
residue  is  then  dissolved  by  a  solution  of  ammonia,  and  the  vanadiate  of 
ammonia  precipitated  as  before  by  a  piece  of  sal  ammoniac    The  vanadic 

*  Phil.  Mag.  and  Annals,  x.  321.  An.  de  Ch.  et  de  Ph.  xlvii  33T.  Bkw« 
•ter*s  JoamaC  ▼.  318.  N.  S.    Poggendorra  Annalen,  vdi.  1. 
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moid  is  thus  separated  from  araenic,  phosphoric,  and  hydrochloric  acida,  witli 
which  in  the  ore  of  Wanlockhead  it  b  greoerally  associated. 

The  attempts  of  Berzelius  to  reduce  vanadic  acid  to  the  metallic  state  by 
the  agency  of  hydrogen  or  charcoal  at  high  temperatures  proved  onsucoess- 
fbl,  as  the  protoxide  alone  was  obtained,  lie  procured  the  meta],  however,  in 
the  form  of  heavy  black  powder,  by  placing  fragment  of  fused  vanadic  acid 
and  potassium  of  equal  size  in  alternate  layers  in  a  porcelain  crucible,  the  po> 
tassiom  being  in  the  largest  proportion :  a  cover  was  then  luted  on,  and  heat 
applied  by  means  of  a  spirit-lamp.  The  reduction  took  place  suddenly  and 
with  violence ;  and  when  the  mass  had  cooled,  the  potassa  and  redundant 
potassium  were  separated  by  water.  But  Berzelius  succeeded  better  by  a  pro- 
cess similar  to  that  of  H.  Kose  for  procuring  metallic  titanium.  The  liquid 
chloride  of  vanadium  is  introduced  into  a  glass  bulb  blown  in  a  barometer 
tube,  and  through  it  is  transmitted  dry  ammoniacal  gas  until  a  while  saline 
mass  is  produced,  during  the  formation  of  which  the  gas  is  rapidly  absorbed, 
and  heat  disengaged.  A  spirit-lamp  flame  is  then  applied,  which  expels  a 
quantity  of  hydrochlorate  of  ammonia,  and  metallic  vanadium  is  left  ad* 
hering  to  the  interior  of  the  bulb.  The  production  of  hydrochloric  acid  is 
obviously  owing  to  chlorine  leaving  the  vanadium  and  uniting  with  the 
hydrogen  of  part  of  the  ammonia. 

The  pulverulent  vanadium,  produced  by  means  of  potassium,  has  but  little 
of  the  tenacity  and  appearance  of  a  metal ;  though  under  strong  pressure  it 
assumes  a  lustre  like  that  of  graphite.  Heated  in  the  open  air  to  com- 
mencing redness  it  takes  fire»  and  is  converted  into  the  black  protoxide.  It 
conducts  electricity  however,  and  is  strongly  electro-negative  in  relation  to 
zinc.  As  procured  by  Rose*s  process,  the  vanadium  has  a  strong  metallic 
lustre  and  a  white  colour  considerably  resembling  silver,  but  still  more  like 
molybdenum.  It  is  so  extremely  brittle  that  it  cannot  be  removed  from  the 
glass  bulb  without  falling  into  powder.  It  is  not  oxidized  either  by  air  or 
water;  although  by  contmued  exposure  to  the  air  its  lustre  gradually  grows 
weaker,  and  it  acquires  a  reddish  tint  It  is  not  dissolved  by  boiling  sul- 
phuric, hydrochloric,  or  hydrofluoric  acid ;  but  by  nitric  and  nitro-hydro- 
chloric  acid  it  is  attacked,  and  the  solution  has  a  beautiful  dark  blue  colour. 
It  is  not  oxidized  by  being  boiled  with  caustic  potassa,  nor  by  carbonated 
alkalies  at  a  red  heat. 

The  equivalent  of  vanadium,  according  to  the  analysis  of  its  oxides  by 
Berzelius,  is  68.5;  and  its  compounds  described  in  this  section  are  thup 
constituted : — 


,  Vanadium. 

Protoxide       68.5     1  eq.-f  Oxygen 
Binoxide        68.5    1  cq.-\'6cr. 


8 


Equiv.        Formulae. 
1  eq.=  76.5      V+O  or  V. 


16        2  eq.=:  84.5      V4-20  or  V. 


Vanadic  acid  68.5 
Bichloride  68.5 
Terchloride  68.5 
Bibromide  68.5 
Bisulphuret  68.5 
Tersulphuret  68.5 


1  eq.+do.  24 

1  eq.+Chlorine    70.84 
1  eq.+do.  106J26 

1  eq.+ Bromine  156.8 
leq.+Sulphur  32j2 
1  eq.4-<lo-  ^'^ 


3  eq.=  92.5 

2  eq.=  139.34 

3  eq.=  174.76 
2  eq  r=:225.3 
2eq.=  100.7 
3eq.=  116.8 


V+30  or  V. 
V+2C1  or  Vaa 
V4-3C1  or  VW 
V+2BrorVBra 

V4-2S  or  VS'. 
V4-3S  or  VS'. 


Protoxide, — Tliis  compound  is  readily  formed  from  vanadic  acid  by  the 
combined  agency  of  heat  and  charcoal  or  hydrogen  gas.  By  means  of  the 
latter  Berzelius  found  that  the  reduction  is  effected  as  perfectly  at  a  tempe- 
rature short  of  ignition,  as  at  the  strongest  heat  of  a  wind  furnace.  When 
prepared  from  fused  vanadic  acid,  the  protoxide  retains  the  crystalline  struc- 
ture of  the  acid,  and  has  a  black  colour  and  a  semi-mctallic  lustre ;  but  it  is 
easily  broken  down  into  a  fine  black  powder.  When  rendered  coherent  by 
compression  it  possesses  a  property  very  unusual  in  oxides,  that  of  conduct- 

31* 
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'ag  eleetricity,  and  in  relation  to  tine  of  bein^r  as  tttaagly  electnMiegatife 
■■  f  Uvor  or  copper. 

This  oxide  is  very  infusible.  When  heated  in  open  Teaflels  it  takes 
fire  and  burns  like  tinder,  beings  converted  into  the  binozide.  On  expoeore 
to  air  and  moisture  it  is  slowly  oxidized,  a  process  which  is  best  seen  by 
putting  it  into  water,  when  the  liquid  graduslly  acquires  a  green  tint  In 
fioth  eases  the  oxygen  is  deriYed  from  the  atmosphere.  A  similar  chance 
occurs  in  acid  and  alkaline  solutions,  which,  with  the  exception  of  nitnc 
acid,  do  not  dissolve  it  even  at  a  boiling  temperature.  Heated  in  nitric  acid, 
oxidation  soon  ensues  with  escape  of  nitric  oxide  gas,  and  a  blue  nitrate  of 
the  binoxide  of  vanadium  is  generated.  The  character  of  an  alkaline  base 
seems  wholly  wanting  in  the  protoxide,  and  hence  Berzelius  considers  it  as 
a  tuhoxide. 

Binoxide. — ^This  oxide  is  best  prepared,  in  the  dry  way,  by  heating  to  full 
redness  an  intimate  mixture  of  10  parts  of  the  protoxide  with  12  of  vanadic 
acid  in  a  vessel  filled  with  carbonic  acid,  or  from  which  combustible  matter 
on  the  one  hand,  and  oxygen  gas  on  the  other,  are  carefully  excluded.  From. 
the  salts  of  the  binoxide,  and  especially  the  sulphate,  it  is  precipitated  as  a 
grayish-whito  hydrate  by  means  of  a  very  slight  excessof  carbonate  of  soda. 
The  residual  solution  is  colourless  when  the  process  has  been  properly 
conducted :  it  remains  blue,  from  undecomposed  salt,  if  an  insufficient  quan* 
tity  of  alkali  is  used;  it  is  brown  when  the  alkaline  carbonate  is  too  freely  em- 
ployed, because  some  of  the  binoxide  is  then  dissolved  by  the  free  alkali ;  and  if 
the  solution  contained  vanadic  acid,  its  colour  after  precipitation  is  green. 
The  presence  of  the  latter  is  avoided  by  transmitting  hydrosulphuric  acid 
gas  into  the  solution,  whereby  vanadic  acid  is  effectually  converted  into  the 
binoxide,  but  the  redundant  gas  should  be  expelled  by  gentie  heat  before  the 
oxide  is  precipitated.  As  the  hydrate,  while  moist,  readily  absorbs  oxygen, 
and  hence  acquires  a  tint  of  brown,  it  must  be  washed  and  dried  without 
exposure  to  the  air.  When  thus  |M'epared  it  retains  its  gray  tint.  By  ex. 
posure  to  heat  in  a  vessel  from  which  the  air  is  excluded,  it  gives  out  water, 
and  acquires  all  the^characters  of  the  oxide  prepared  in  the  dry  way. 

The  binoxide  of  vanadium  is  a  black  pulverulent  substance,  very  infiisi- 
ble,  insoluble  in  water,  and  free  from  any  acid  or  alkaline  reaction.  When 
heated  in  the  open  air,  it  is  converted  into  vanadic  acid,  and  when  moist  it 
gradually  suffers  the  same  change  at  ordinary  temperatures.  It  is  dissolved 
by  acids  more  readily  as  a  hydrate  than  after  being  heated  to  redness,  and 
forms  salts,  most  of  which  have  a  blue  colour,  and  are  more  or  less  soluble  in 
water.  They  may  all  be  conveniently  formed  by  the  direct  action  of  acids 
on  tho  hydrated  oxide.  The  nitrate  may  be  made  by  acting  on  vanadium, 
or  either  of  its  oxides,  by  nitric  acid ;  the  salt,  when  diluted  with  water,  may 
be  boiled  without  change ;  but  when  evaporated,  even  spontaneously,  the 
blue  colour  passes  through  green  into  red,  owing  to  the  production  of  vanadic 
add.  The  sulphate  is  easily  prepared  by  dissolving  vanadic  acid  in  warm 
sulphuric  aoid  diluted  with  an  equal  weight  of  water,  decomposing  the 
vanadic  acid  by  hydrosulphuric  acid,  eonoentrating  the  solution  in  order 
that  the  salt  may  be  deposited,  and  washing  away  adhering  sulphuric  acid 
by  means  of  alcohol.  The  deoxidation  of  vanadic  acid  in  the  preceding 
process  may  also  be  effected  by  adding  pure  oxalic  acid  as  long  as  carbonic 
acid  gas  is  evolved. 

The  salts  of  the  binoxide  of  vanadium  are  distinguished  by  their  blue  colour, 
by  Yielding  with  the  alkalies  or  their  carbonates  in  very  slight  excess  the 
hyarated  binoxide,  which  becomes  red  by  oxidation,  and  by  forming  with 
solution  of  galUnuts  a  black  compound,  a  tannate  of  the  binoxide,  very  simi- 
lar to  ink. 

The  binoxide  is  disposed  to  act  the  part  of  an  acid  by  uniting  with  alkaline 
bases,  with  which  it  fbrms  definite  and  in  some  cases  crystalline  compounds^ 
On  digesting  the  hydrated  binoxide  in  pure  potassa  or  ammonia,  combination 
is  readily  e&cted,  and  a  dark  brown  solution  is  formed.  These  compounds, 
though  soluble  in  water,  are  very  sparingly  so  in  strong  and  cold  alkaline 
solutions,  and  may  be  precipitated  by  them.  Most  of  the  other  salts  formed  by 
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the  binozide  and  salifiable  bases  are  insoluble  in  water,  and  may  be  form- 
ed from  theprecedinff  by  way  of  double  decomposition. 

Vanadic  Acid. — When  vanadiate  of  ammonia,  prepared  as  already  men- 
tioned,  (page  364,)  is  heated  in  close  vessels,  the  acid  is  decomposed  by  the 
bydro^ren  of  the  ammonia,  and  binoxide  of  vanadium  is  formed,  mixed  with 
a  little  protoxide  and  undecora'posed  acid.  If  the  salt  is  heated  in  an  open 
Tessel,  and  well  stirred,  the  whole  mass  acquires  a  dark  red  colour,  and  pure 
Tanadie  acid  is  obtained ;  but  a  red  beat  should  be  aroided,  since  Aision 
would  thereby  be  occasioned,  and  free  exposure  of  every  part  to  the  atmo- 
sphere prevented.  Its  colour  in  the  state  of  fine  powder  is  alight  rust-yellow ; 
but  the  fused  acid  b  red  with  a  shade  of  orange,  and  has  a  strong  lustre.  By 
liffht  transmitted  through  thin  layers  it  appears  yellow.  In  the  fire  it  is  fij^ 
ed,  and  is  not  decomposed  by  a  very  strong  heat,  provided  combustible  mat- 
ers are  excluded.  It  fuses  at  a  heat  lower  than  that  of  redness,  and  crystal- 
lizes readily  as  it  cools.  In  the  act  of  becoming  solid  it  contracts  consider- 
ably in  volume,  and  emits  so  much  heatof  fluidity  that  the  acid,  after  ceasing 
to  be  luminous,  is  again  rendered  incandescent,  and  remains  so  until  the 
congelation  is  complete. 

Vanadic  acid  is  tasteless,  insoluble  in  alcohol,  and  very  slightly  soluble  in 
water,  which  takes  up  rather  less  than  l-lOOOth  of  its  weight,  acquiring  a 
yellow  colour  and  an  acid  reaction  Heated  with  combustible  matter  it  is 
deoxidized,  being  converted  into  the  protoxide  or  binoxide,  or  mixtures  of 
these  oxides.  In  solutions  it  is  deprived  of  oxygen  by  all  deoxidizing  agents, 
such  as  alcohol,  sugar,  and  most  organic  substances,  including  the  oxalic  and 
several  vegetable  acids,  by  hjdrosulphuric  acid  and  most  of  the  other 
hydradds,  not  excepting  the  hydrochloric,  by  sulphurous  and  phosphorous 
acids,  and  even  by  nitrous  acid.  Like  molybdic  and  tungstic  acids,  it  is  dis- 
posed to  act  as  a  base  to  such  of  the  stronger  acids  as  do  not  decompose  it, 
and  to  form  with  them  definite  compounds,  which  are  soluble  in  water.  It 
unites  on  this  principle  with  sulphuric  and  phosphoric  acid ;  and  Beraelius 
has  remarked  a  compound  of  the  phosphoric,  silicic,  and  vanadic  acids,  a 
sort  of  double  salt,  in  which  the  latter  acid  is  a  base  to  the  two  former,  and 
which  crystallizes  in  scales :  it  is  formed  in  Sefstrom*s  process  for  preparing 
vanadic  acid  (page  364),  and  its  solubility  opposes  a  great  obstacle  to  the 
separation  of  vanadic  from  silicic  acid. 

Vanadic  acid  unites  with  salifiable  bases  oflen  in  two  or  more  proportions, 
forming  soluble  salts  with  the  alkalies,  and  in  general  sparingly  soluble  salts 
with  the  other  metallic  oxides.  Those  with  excess  of  acid  are  commonly  of 
a  red  or  orange-red  colour.  Most  of  the  neutral  salts  are  yellow;  but  it  is 
singular  that  the  neutral  vanadiates  of  the  alkalies,  the  alkaline  earths,  and 
the  oxides  of  lead,  zinc,  and  cadmium  may  be  yellow  at  one  time  and  colour- 
less  at  another  without  suffering  any  appreciable  change  in  composition. 
Tbu9,  on  neutralizing  vanadic  acid  with  ammonia  a  yellow  salt  is  obtained, 
the  solution  of  which  gradually  becomes  colourless  if  kept  for  some  hours, 
and  suffers  the  same  chsnge  rapidly  when  heated.  The  solution,  as  it  is 
coloured  or  colourless,  gives  a  yellow  or  white  residue  by  evaporation,  and  a 
yellow  or  white  precipitate  with  a  salt  of  baryta  or  oxide  of  lead.  These 
changes  appear  to  be  of  the  same  kind  as  those  already  noticed  in  the  de- 
scription of  phosphoric  acid. 

Vanadic  acid  unites  in  different  proportions  with  binoxide  of  vanadium, 
and  forms  compounds  which  are  soluble  in  pure  water  but  sparingly  so  in 
saline  solutions,  and  which  are  purple,  green,  yellow,  or  orange,  according 
as  the  acid  b  in  a  smaller  or  larger  proportion.  They  are  best  formed  by 
exposing  the  hydrated  binoxide  to  the  atmosphere,  when  these  difierent 
colours  successively  appear,  as  a  gradually  increasing  quantity  of  the  acid  is 
generated. 

Vanadic  acid  is  distinguished  from  all  other  acids  except  the  chromic  hr 
its  colour,  and  from  this  acid  by  the  action  of  deoxidizing  substances,  whieK 
give  a  blue  solution  with  the  former  and  a  green  with  the  latter.  (Page  361.) 
When  heated  with  borax  in  the  reducing  flame  of  the  blowpipe,  both  of  the 
acids  yield  a  green  glass ;  but  in  the  oxidizing  flame  the  bead  becomes  yellow 
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if  ▼•nadium  is  preflont,  while  the  green  colour  produced  bj  chromiiim  b 
permanent 

Chlorides* — The  hiehloride  is  prepared  by  din^eatingr  a  miztore  of  the 
▼anadic  and  hydrochloric  acids,  deoxidizing  any  undecoinposed  vanadic  acid 
by  hydrosolphuric  acid,  and  evaporating  the  solution  to  dryness.  A  brown 
residue  is  obtalaed,  which  yields  a  blue  solutiou  with  water,  part  being  left 
aa  an  insoluble  subealt  It  may  also  be  generated  by  acting  directly  on  the 
ignited  binoxide  with  strong  hydrochloric  acid.  As  thus  obtained  its  solu- 
tion is  brown  instead  of  blue,  thougt^  in  composition  it  seems  identical  with 
the  preceding. 

The  terchUfride  may  be  formed  by  transmitting  a  current  of  dry  chlorine 
gas  o?er  a  mixture  of  protoxide  of  vanadium  and  charcoal  heated  to  low  red- 
ness,  when  the  terchloride  passes  over  in  vapour,  and  condenses  in  the  form 
of  a  yellow  liquid,  from  which  free  chlorine  may  be  removed  by  a  current  of 
dry  air.  It  is  converted  by  water  into  hydrochloric  and  vanadic  acid,  and  at- 
mospheric humidity  proauces  the  same  change,  which  is  indicated  by  the 
escape  of  red  fumes. 

A  bibromide  of  vanadium  may  be  formed  in  the  same  ma&ner  as  the  bi- 
chloride, substituting  the  hydrobromic  for  hydrochloric  acid.  Similar  com- 
pounds may  be  procured  with  iodine,  fluoiine,  and  cyanogen,  by  dissolving 
binoxide  of  vanadium  in  hydriodic,  hydrofluoric,  and  hydrocyanic  acid. 

Sulphurets. — When  the  binoxide  of  vanadium  is  heated  to  redness  in  a 
current  of  hydrosulphuric  acid  gas,  it  is  converted  into  protoxide,  and  both 
water  and  sulphur  are  obtained  :  on  continuing  the  process  the  protoxide  is 
deoomposed,  hydrogen  gas  and  water  pass  over,  and  ointlphuni  of  vanadium 
is  generated.  This  compound  may  also  be  procured  by  mixing  hydrosul- 
phate  of  ammonia  with  a  salt  of  the  binoxide  of  vanadium  until  the  precipi- 
tate  at  first  formed  is  rcdissolved,  and  then  decomposing  the  deep  purple- 
coloured  solution  by  sulphuric  or  hydrochloric  acid.  The  bisulphurut  of  a 
brown  eolour  subsides,  which  becomes  black  when  it  is  dried.  It  is  un- 
changed at  common  temperatures  by  exposure  to  the  air,  but  takes  fire- 
when  heated.  In  the  hydrated  state  it  is  dissolved  by  alkalies  and  alkaline 
sulphurets;  but  it  is  insoluble  in  acids,  with  the  exception  of  the  nitric  and 
nitro-hydrochloric,  by  which  it  is  converted  into  sulphate  of  the  binoxide. 

When  hydrosulphuric  acid  gas  is  transmitted  through  an  aqueous  solution 
of  vanadic  acid,  a  grayish-brown  precipitate  is  formed,  consisting  of 
hydrated  binoxide  of  vanadium  mixed  mechanically  with  sulphur.  But  if  a 
solution  of  vanadic  acid  in  hydrosulphatc  of  ammonia  is  acidulated  by 
hydrochloric  or  sulphuric  acid,  the  hydrated  tersulphuret  of  vanadium  sub- 
aides.  Its  colour  is  of  a  much  lighter  brown  than  the  bisulphuret,  becomes 
almost  black  in  drying,  and  is  resolved  by  a  red  heat  in  close  vessels  into 
the  bisulphuret,  with  loss  of  water  and  sulphur.  It  is  soluble  in  alkalies 
and  alkaline  sulphurets,  and  is  oxidized  by  nitric  acid. 

The  phosphurct  of  vanadium,  of  a  leadcn.gray  colour,  may  be  formed  bv 
exposing  to  a  white  heat  phosphate  of  the  binoxide  of  vanadium  mixed  wi  Ji 
a  small  quantity  of  sugar. 


SECTION  XVIII. 

MOLYBDENUM.— TUNGSTEN.-<:OLUMBIUM. 

MOLYEDENUM. 

When  native  sulphuret  of  molybdenum,  in  fine  powder,  is  digested  in 
nitro-hydrochloric  acid  until  the  ore  is  completely  decomposed,  and  the 
residue  is  briskly  heated  in  order  to  expel  sulphuric  acid,  molybdic  acid  re- 
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mains  in  the  fcnrm  of  a  white  heavy  powder.  From  this  add  metallic  molyb- 
denum may  be  obtained  by  exposing  it  with  charcoal  to  the  strongest  beat 
of  a  smith's  fbrge ;  or  by  conducting  over  it  a  carrent  of  hydrogen  gas 
while  strongly  heated  in  a  tube  of  porcelain.  (Bersselius.)  The  sulphureti 
which  was  long  mistaken  for  graphite,  was  distinguished  in  1778  Inr 
Scheele ;  but  the  metal  was  first  obtained  in  a  separate  state  by  Hjelm.  It 
likewise  occurs  in  nature  in  the  form  of  molybdate  of  oxide  of  lead. 

Molybdennm  is  a  brittle  metal,  of  a  white  colour,  and  so  yery  infusible, 
that  hitherto  it  has  only  been  obtained  in  a  state  of  semi-fbsion.  In  this 
foma  it  has  a  specific  gravity  varying  between  8.615  and  8.636.  When 
heated  in  open  vessels  it  absorbs  oxygen,  and  is  converted  into  mclybdie 
acid ;  and  the  same  compound  is  generated  by  the  action  of  chlorine  or 
nitro-hydrochloric  acid.  It  has  three  degrees  of  oxidation,  forming  two 
'  oxides  and  one  acid,  from  the  composition  of  which  Beraelius  estimates  the 
equivalent  of  molybdenum  at  47.7.  l*he  composition  of  its  compounds 
described  in  this  section  is  as  follows  >-^ 

Molybdenum.  Equiv.    Formultt. 

Protoxide         47.7  1  eq.4- Oxygen      8      leq.=B55.7    Mo+OorMo. 

Binoxide  47.7  1  eq^do.  16      2eq.=  63.7   Mo-f30orMo. 

Molybdic  acid  47.7  1  eq^do.  24      3  eq..=  71.7   Mo-f  30  or  Mo. 

Frotochloride  47.7  1  eq.+Chlorine  35.42  1  eq.=  83.12  Mo+Cl  or  Moa. 
Bichloride        47.7  1  ^  -f-*^^-  70.84  2  eq.=118.54  Mo+SCl  or  MoCl«. 

Terchloride     47.7  1  eq4.do.  106J26  3  eq.= 153.96  Mo+3a  or  MoQ^. 

fiisiilphuret     47.7  1  eq4-Sulphur    32.2   2eq.=3  79.9   Mo4.2Sor  MoSa. 
Tersulphuret   47.7  1  eqJ.do.  48.3   3eq.=  96      MoJ.3S  or  MoS9. 

Persulphuret   47.7  1  eq.4. do.  644    4eq.=112.1   Ma4.4S  or  MoS4. 

Prdoxide  of  Mulyhdenum,  On  dissolving  molybdate  of  potassa  or  soda 
in  a  small  quantity  of  water,  adding  hydrochloric  acid  until  the  molybdio 
acid  at  first  thrown  down  is  rcdissolved,  and  digesting  with  a  piece  of  pure 
metallic  zinc,  the  latter  deoxidizes  the  molybdic  acid,  the  liquid  changes  to 
Uue,  red,  and  black,  and  then  contains  chloride  of  zinc  and  protodiloride  of 
moljbdenum.  From  the  black  solution  pure  potassa  throws  down  the  pro- 
toxide of  molybdenum  as  a  black  hydrate,  an  excess  of  the  alkali  being  used 
in  order  to  hold  the  zinc  in  solution.  The  hydrate  is  washed  with  the  least 
possible  exposure  to  the  air,  and  dried  in  vacuo  by  sulphuric  acid.  When 
heated  to  low  redness  in  the  open  air,  it  takes  fire  and  is  converted  into  the 
binoxide;  but  if  not  exposed  to  the  air,  it  becomes  incandescent  at  the  mo- 
ment  of  losing  its  water,  like  hydrated  oxide  of  chromitfm.  The  anhydrous 
oxide  is  black  and  insoluble  in  acids ;  but  in  tlie  state  of  hydrate  acids  dis- 
solve it.  The  recently  precipitated  hydrate  is  soluble  in  the  cold  by  carbo- 
nate of  ammonia,  but  in  none  of  the  other  alkalies. 

Binoxide  of  Molybdenutn. — ^It  is  obtained  as  a  deep  brown  anhydrous 
powder  by  mixing  molybdate  of  soda  with  half  its  weight  of  sal  ammoniac 
in  fine  powder,  projecting  the  Tnixtnre  into  a  red-hot  crucible  which  is  to  be 
instantly  covered,  and  the  beat  continued  until  vapours  of  sal  ammoniac 
cease  to  appear.  In  this  process  chloride  of  sodium  is  generated,  and  mo- 
lybdic acid  is  reduced  by  the  ammonia  to  the  state  of  binoxide  :  by  adding 
water  to  the  mass  when  cold,  chloride  of  sodium  is  dissolved,  and  the  dark 
brown,  nearly  black,  binoxide  left  The  hydrate,  of  a  rust-brown  colour, 
may  be  formed  by  digesting  molybdenum  in  powder  with  molybdio  acid 
dissolved  in  hydrochloric  acid,  until  the  liquid  acqoires  a  deep  red  colour, 
and  then  adding  ammonia ;  or  by  adding  ammonia  to  a  solution  of  the 
bichloride;  or  digesting  with  metallic  copper  a  solntion  of  molybdic  in 
hydrochloric  acid  until  a  deep  red  solution  is  formed,  and  employing  an  ex- 
cess of  ammonia  in  order  to  keep  oxide  of  copper  in  soIulioD. 
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The  anbydrom  binozide  is  ituoloble  in  a<9di  uid  is  changed  intomolybdie 
■eid  by  strong  nitric  acid.  The  hydrate  is  Yery  like  hydrated  peroxide  of 
iron,  reddens  litmos  paper  when  placed  on  it,  is  dissolved  by  acids  with 
which  it  forms  red  salts,  is  insoluble  in  the  alkalies,  but  dissohres  in  alka- 
line carbonates.  It  is  soluble,  though  sparingly,  in  pore  water,  so  that  it 
should  be  washed  after  precipitation  by  a  solution  of  sal  ammoniac,  which 
salt  is  aAerwards  removed  by  alcohoL  On  exposure  to  the  air  the  hydrate 
absorbs  oxygen  and  becomes  blue  at  its  surface:  this  blue  compound  is 
more  soluble  in  water  than  the  hydrate,  and  was  supposed  by  Buchhoh  to 
be  a  distinct  acid,  which  he  termed  molybdous  acid ;  but  Berzelios  has 
shown  that  it  is  a  bimol^bdato  of  the  binoxide.  (Berzelius.) 

Molyhdic  Acid  — When  sulpburet  of  molybdenum  is  roasted  in  an  open 
cmcible  kept  at  a  low  red  heat,  and  constantly  stirred  until  sulphurous  acid 
ceases  to  escape,  a  dirty  yellow  powder  is  left,  which  contains  impure 
molyhdic  acid.  The  acid  is  taken  up  by  ammonia  and  the  filtered  solution 
evaporated  to  dryness ;  it  is  again  taken  up  by  water,  a  little  ammonia  being 
added,  and  filtered';  and  it  is  tbcn  purified  by  crystallization.  On  heating 
gently  in  an  open  pUtinum  crucible,  taking  care  to  prevent  fiision,  the  am- 
monia is  expelled,  and  pure  acid  remains.  It  is  also  obtained  by  oxidining 
the  binoxide  with  nitric  acid. 

Molyhdic  acid,  as  thus  formed,  is  a  white  powder,  of  ep.  gravity  3.49, 
fbsible  by  a  red  beat  into  a  yellow  liquid,  which  bears  a  strong  red  heat  in 
dosed  vessels  without  subliming,  but  in  an  open  crucible  rises  with  the  cur- 
rent of  air,  and  collects  on  cold  surfaces  in  colourless  crystalline  scales. 
It  requires  570  times  its  weight  of  water  ibr  solution,  which  nevertheless 
has  an  acid  reaction.  It  is  soluble  in  thj  alkalies,  forming  colourless  molyb- 
dates,  from  which  molybdic  acid  is  precipitated  by  the  stronger  acids, 
though  an  excess  of  the  acids  dissolves  it ;  but  after  exposure  to  a  red  heat 
it  is  insoluble  in  acids. 

Chlorides, — Berzelios  has  described  three  chlorides  of  molybdenum  which 
are  analogous  in  composition  to  the  oxides.  The  protochioride  is  formed  by 
dissolving  the  hydrated  protoxide  in  hydrochloric  acid,  forming  a  deep 
nearly  black  coloured  solution,  which  leaves  a  black  viscid  mass  by  evapora- 
tion. 

The  bichloride  is  obtained  as  above  mentioned,  and  yields  a  red  solution. 
It  is  obtained  in  the  anhydrous  state  by  gently  heating  molybdenum  in 
powder  in  dry  chlorine  gas,  atmospheric  air  being  excluded.  The  metal 
takes  fire  at  its  surface,  but  it  is  soon  extinguished,  after  which  the  chlorine 
is  replaced  by  a  red  vapour  of  such  intensity  that  it  is  completely  opaque  in 
a  vessel  |  of  an  inch  in  diameter :  this  vapour  condenses  in  the  cooler  parts 
of  the  apparatus  in  brilliant  black  crystals  just  like  those  of  iodine,  which 
are  very  fusible,  and  sublime  at  a  gentle  heat.  '  Exposed  to  dry  oxygen  gas, 
it  is  transformed  gradually  into  tcrchloride  of  molybdenum  and  molybdic 
acid ;  so  that 

3  eq.  bicliloride  and  3  eq.  oxygen  2   2  eq.terchloride  and  l.eq.  molybdic  acid. 
3(Mo-f.2Cl)  30  g,      2cMo-f3Cl)  Mo+30. 

With  water  the  bichloride  acts  violently  from  the  intense  beat  evolved, 
and  the  whole  is  dissolved. 

The  terchloride.  is  obtained  in  solution  by  dissolving  molybdic  in  hydro- 
chloric acid ;  and  in  the  anhydrous  state  by  heating  molybdic  acid  in  a  cur- 
rent of  dr>  chlorine  gas.  It  is  white  with  a  shade  of  yellow,  sublimes  at  a 
heat  '^ort  of  redness  and  condenses  in  crystalline  scales,  and  is  soluble  in 
water  and  alcohol. 

Sulphureto. — Molybdenum  combines  with  sulphur  in  three  proportions, 
l^e  lowest  grade  is  the  bisulphurety  which  is  the  most  common  ore  of  mo- 
lybdenum and  is  usually  associated  with  ores  of  tin,  has  a  lead-gray  colour 
and  metallic  lustre  resembling  graphite,  for  which  it  was  formerly  mistaken. 
Ito  density  vsries  from  4,138  to  4.569.  It  bears  a  strong  heat  in  close  vessels 
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withont  dumge  or  ftnkm ;  bat  it  is  oxidized  by  nitric  acid  or  by  the  joiiit 
action  of  heat  and  air. 

The  temdvkuret  ia  obtained  bj  eatoratinf  moljbdate  of  potaaaa,  soda,  or 
ammonia  witn  hydrosnlpharic  acid  gas,  and  addincr  hydrochloric  acid,  when 
the  ieraulphuret  falls  of  a  deep  brown  colour,  wbidi  becomes  black  on  dry- 
ing. It  is  partially  oxidized  when  dried  in  the  air.  By  heat  in  close  Tessela 
it  IS  changed  into  the  bisulpharet  with  loss  of  sulphur. 

The  permlphuret  is  made  by  boiling  the  sulphur-salt  formed  of  tersulpha- 
ret  of  molybdenum  and  sulphuret  of  potassram  for  a  long  time  with  the  bisul. 
phnret  of  molybdenum,  when  a  precipitate  collects  which  is  to  be  weU  washed 
with  cold  water.  It  is  a  suIphur-salt  composed  of  persulphuret  of  molybde- 
num and  sulphuret  of  potassium,  which  forms  with  boiling  water  a  deep 
red  solution,  from  which  on  the  addition  of  hydrochloric  acid  the  persulphu- 
ret  subsides. 

TUNGSTEN. 

It  derives  its  name  from  the  Swedish  words  Tung  Steti,  heavy  itcne,  f^om 
the  density  of  its  ores ;  and  it  is  called  wolfram  from  the  mineral  of  that 
name,  which  u  a  tungstate  of  the  oxides  of  iron  and  man^ranese.  This  metal 
may  be  procured  in  the  metallic  state  by  exposing  tungstic  acid  to  the  action 
of  charcoal  or  dry  hydrogen  gas  at  a  red  heat ;  but  though  the  reduction  is 
easily  effected,  an  exceedingly  intense  temperature  is  required  for  fusing  the 
metal.  Tungsten  has  a  grayish-white  colour,  and  considerable  lustre.  It  is 
brittle,  nearly  as  bard  as  steel,  and  less  fusible  than  manganese.  Its  specific 
gravity  is  near  17.6.  When  heated  to  redness  in  the  open  air  it  takes  fire, 
and  is  converted  into  tungstic  acid ;  and  it  undergoes  the  same  change  by 
the  action  of  nitric  acid.  Digested  with  a  concentrated  solution  of  pure  po- 
tassa,  it  is  dissolved  with  disengagement  of  hydrogen  gas,  and  tungstate  of 
potassa  is  generated. 

Chemists  are  acquainted  with  two  compounds  of  this  metal  and  oxygen, 
namely,  the  dark  broum  oxide  and  the  yeUoio  acid  of  tungsten  ;  and  according 
to  the  analysis  of  Bcrzelius,  (An.  de  Ch.  et  de  Ph.  xvii.)  the  oxygen  of  the 
former  is  to  that  of  the  latter  in  the  ratio  of  two  to  tliree.  From  the  compo- 
sition of  the  latter,  and  assuming  that  it  contains  three  atoms  of  oxygen, 
the  equivalent  of  tungsten  is  99.7.  Its  compounds  described  in  this  section 
are  thus  constituted  :-y  ^ 

Tungsten.  Equiv.         Formule. 

Binoxide  99.7    1  eq.+ Oxygen    16    2eq.=115.7    W+ 20  or  W. 

Tungstic  acid  99.7  1  eq.  + ditto         24  3eq.=  123.7    W+30  or  W. 

Bichloride        99.7  1  eq.  +  Ch lor.  70.84  2  eq.=  170.54  W-f-2Clor  Wa». 

Terchloride     99.7  1  eq.  + ditto   106.26  3  eq.=205.96  W-|-3C1  or  WQs. 

Bisulphuret     99.7  1  eq.  +  Sulph.    32.2  2  eq.=131.9     W+2S  or  WSs 

Tersulphuret  99.7  1  eq.+ ditto      48.3  3  eq.»:483        W+3SorWS3 

Binoxide, — ^This  oxide  is  formed  by  the  action  of  hydrogen  gas  on  tungstic 
acid  at  a  low  red  beat ;  but  the  best  mode  of  procuring  it  both  pure  and  in 
quantity,  is  that  recommended  by  Wohler.  (Quarterly  Journal  of  Scienoe,xx. 
177(.  This  process  consists  in  mixing  wolfram  in  fine  powder  with  twice  its 
weight  of  carbonate  of  potassa,  and  fusing  (he  mixture  in  a  platinum  cruciUe. 
The  resulting  tungstate  of  potassa  is  dissolved  in  hot  water,  mixed  with 
about  half  its  weight  of  hydrochlorate  of  ammonia  in  solution,  evaporated  to 
dryness,  and  exposed  in  a  Hessian  crucible  to  a  red  heat.  The  mass  is  well 
washed  with  boiling  water,  and  the  insoluble  matter  digested  in  dilute  potassa 
to  remove  any  tungstic  acid.  The  residue  is  oxide  of  tungsten.  It  appears 
that  in  this  process  the  tungstate  of  potassa  and  hydrochlorate  of  ammonia 
matoally  deconpose  each  other,  so  that  the  dry  mass  consists  of  chloride  of 
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poUyMiam  and  tongatate  of  ammonia.  Tho  elements  of  the  Utter  react  on  each 
other  at  a  red  heat,  giving  rise  to  water,  nitrogen  gas,  and  binozide  of  tang« 
sten ;  and  this  compound  is  pioteeted  from  oxidation  hy  the  fused  chlorioiB 
of  poritassium  with  which  it  is  enveloped.  Thu  oxide  is  also  formed  hy  putting 
tungstie  acid  in  contact  with  sine  in  diluto  hydrochloric  acid.  Thetungstic 
acid  first  becomes  blue  and  then  assumes  a  copper  colour ;  but  the  ozicto  in 
this  state  can  with  difficulty  be  preserved,  as  by  exposure  to  the  air,  and  even 
under  the  snrfiice  of  water,  it  absorbs  oxygen,  and  is  reconverted  into  tung- 
stie acid. 

Binoxide  of  tungsten,  when  prepaired  by  means  of  hydrogen  gas,  has  a 
brown  colour,  and  when  polished  acquires  the  colour  of  copper;  but  when 
procured  by  Wohler*s  process,  it  is  nearly  Mack.  It  does  not  unite,  so  far 
as  is  known,  with  acids ;  and  when  heated  to  near  redness,  it  takes  fire  and 
yields  tungstie  acid. 

T\ing9tie  Acid* — A  convenient  method  of  preparing  tungstie  acid  is  by 
digesting  native  tungstate  of  lime,  very  finely  levigated,  in  nitric  acid ;  hy 
which  means  nitrate  of  lime  is  formed,  and  tungslic  acid  separated  in  tlie 
form  of  a  yellow  powder.  Lone  digestion  is  required  before  all  the  lime  is 
removed ;  but  the  process  is  facilitatMl  by  acting  upon  the  mineral  alternately 
bv  nitric  acid  and  ammonia.  The  tungstie  acid  is  dissolved  readily  by  thai 
alkali,  and  may  be  obtained  in  a  separate  state  by  beating  the  tungstate  of 
ammonia  to  redness.  Tungstie  add  may  also  be  prepared  bjr  the  action  of 
hydrochloric  acid  on  wolfram.  It  is  also  obtained  by  heating  the  brown 
oxide  to  redness  in  open  vessels. 

Tungstie  acid  is  of  a  yellow  colour,  is  insoluble  in  water,  and  has  no 
action  on  litmus  paper.  With  alkaline  bases  it  forms  salts  called  tungsUiie$^ 
which  are  decomposed  by  the  stronger  acids,  the  tungstie  acid  in  general 
falling  combined  with  the  acid  by  which  it  is  precipitated.  When  strongly 
heated  in  open  vessels,  it  acquires  a  green  colour,  and  becomes  blue  when  ex- 
posed to  the  action  of  hydrogen  gas  at  a  temperature  of  500^  or  600^  F. 
The  blue  compound,  according  to  Berzelius,  is  a  tungstate  of  the  binoxide 
of  tungsten ;  and  the  green  colour  is  probably  product  by  an  admixture  ot 
this  compound  with  we  yellow  acid. 

Chloridf  fif  Tungtten. — According  to  Wohler,  tungsten  and  chlorine 
united  in  three  proportions.  When  metallic  tungsten  is  heated  in  chlorina 
gas,  it  takes  fire,  and  yields  the  bichloride.  The  compound  appears  in  the 
form  of  delicate  needles,  of  a  deep  red  colour,  resembling  wool,  but  mora 
frequently  as  a  deep  red  fused  mass  which  has  the  brilliant  fracture  of  cin- 
nabar. When  heated,  it  fuses,  boils,  and  yields  a  red  vapour.  By  water  it 
is  changed  into  hydrochloric  acid  and  binoxide  of  tungsten.  It  is  entirely 
dissolved  by  solution  of  pure  potassa  and  disengagement  of  hydrogen  gas, 
yielding  tungstate  of  potassa  and  chloride  of  potassium.  A  similar  change  is 
produced  by  ammonia,  except  that  some  binoxide  of  tungsten  is  lefl  undis- 
solved. 

The  terchloride  is  generated  by  heating  the  binoxide  of  tungsten  in  chlo- 
rine gas.  The  action  is  attended  with  the  appearance  of  combustion,  dense 
fumes  arise,  and  a  thick  sublimate  is  obtained  in  the  form  of  white  scales, 
like  native  boracic  acid.  It  is  volatile  at  a  low  temperature  without  pre- 
vious fusion.  It  is  converted  by  the  action  of  water  into  tungstie  and  hydro- 
chloric acids. 

Another  chloride  has  been  described  by  Wohler.  It  is  formed  at  the  same 
time  as  the  first ;  and  though  it  is  converted  into  hydrochloric  and  tungstie 
acids  by  the  action'of  water,  and  would  thus  seem  identical  with  the  ter- 
chloride  in  the  proportion  of  its  elements,  its  other  properties  are  never- 
theless different  It  is  the  most  beautiful  of  all  these  compounds,  existing 
in  long  transparent  crystals  of  a  fine  red  colour.  It  is  very  fusible  and 
vohitile,  and  its  vapour  is  red  like  that  of  nitrous  acid.  The  difference 
betweeen  this  compound  and  the  chloride  first  described  has  not  yet  been 
discovered. 

SulphuretM  of  Tungitem — ^The  bUulphurei  is  obtained  as  a  black  powder 
by  transmitting  hydrosulphoric  acid  gas,  or  the  vapour  of  sulphur,  over 
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taogBdc  acid  heated  to  wliitaneaB  in  a  tabe  of  poreelain.  Hie  temdpharet 
ia  prepared  by  disK^ving  tongstic  acid  in  a  solntion  of  Bulphuret  of  potaBdmn 
or  faydrosolphate  of  ammonia,  and  adding  an  excess  of  hjdrosalphoric  acid. 
It  jfiidls  as  a  brown  precipitate,  which  becomes  black  in  drying.  It  is  soluble 
to  a  certain  extent  in  water  which  is  free  from  saline  matter. 

COLUMBIUM. 

This  metal  was  discovered  in  1801  by  Mr.  Hatchett,  who  detected  it  in  a 
black  mineral  belonging  to  the  British  Museum,  supposed  to  have  come 
from  Massachusetts  m  North  America ;  and  from  this  circumstance  appli. 
ed  to  it  the  name  of  cdumbium.  About  two  years  after,  M.  Ekeberg,  a 
Swedish  chemist,  extracted  the  same  substance  from  1/intalite  and  yttroUanta- 
lite;  and,  on  the  supposition  of  its  being  different  from  columbium,  described 
it  under  the  name  of  tantalum.  The  identity  of  these  metals,  however,  was 
established  in  the  year  1809  by  Dr.  WoUaston. 

Colombic  acid  is  with  difficulty  reduced  to  the  metallic  state  by  tlie  action 
of  heat  and  charcoal ;  but  Berzelius  succeded  in  obtaining  this  metal  by  the 
same  process  which  he  employed  in  the  preparation  of  zirconium  and  silicium ; 
namely,  by  heating  potassium  with  the  double  fluoride  of  potassium  and  colum. 
bium.  On  washing  the  reduced  mass  with  hot  water,  in  order  to  remove  the 
fluoride  of  potassium,  columbium  is  lefl  in  the  form  of  a  black  powder.  In 
this  state  it  does  not  conduct  electricity ;  but  in  a  denser  state  it  is  a  perfect 
conductor.  By  pressure  it  acquires  metallic  lustre,  and  has  an  iron-gray 
colour.  It  is  not  fusible  at  the  temperature  at  which  glass  is  fused.  When 
heated  in  the  open  air,  it  takes  fire  considerably  below  the  temperature  of 
ijrnition,  and  glows  with  a  vivid  light,  yielding  columbic  acid.  It  is  scarcely 
at  all  acted  on  by  the  sulphuric,  hydrochloric,  or  nitro-hydrochloric  acid ; 
whereas  it  is  dissolved  with  heat  and  disengagement  of  hydrogen  fas  by 
hydrofluoric  acid,  and  still  more  easily  by  a  mixture  of  nitric  and  nydro- 
fluoric  acids.  It  is  also  converted  into  columbic  acid  by  fusion  with  hydrate 
of  potassa,  the  hydrogen  gas  of  the  water  being  evolved. 

From  the  experiments  of  Berzelius  on  the  composition  of  the  oxide  and 
acid  of  columbium,  its  equivalent  may  be  estimated  at  185.  Its  compounds 
described  in  (bis  section  are  thus  constituted : — 

Columbium.  Equiv.  Formulas. 

Binoxide  185  1  eq.+Oxygen     16       2  eq.s=201       TtL+20  or  Ta. 

Colombic  acid  185  1  eq.^-     do.         24       3  eq.s=209       Ta+30  or  Ta. 
Terchloride      185  1  eq.-(-Chlorine  10656  3eq.=291.26  Ta+BClorTaCl^. 
Terfluoride      185  1  eq.4-Fluorine   56.04  3eq.s=241.04  Ta-|r3For  TaF3. 
Sulphuret         Composition  uncertain. 

Binoxide  of  Columbium,^li  is  generated  by  placing  columbic  acid  in  a 
crucible  lined  with  charcoal,  luting  carefully  to  exclude  atmcwpheric  air, 
and  exposing  it  for  an  hour  and  a  half  to  intense  heat  The  acid,  where  in 
direct  contact  with  charcoal,  is  entirely  reduced ;  but  the  film  of  metal  is 
very  thin.  The  interior  portions  are  pure  binoxide  of  a  dark  gray  colour, 
very  hard  and  coherent.  When  reduced  to  powder  its  colour  is  dark 
brown.  It  is  not  attacked  by  any  acid,  even  by  the  nitro-hydroflooric ;  but 
it  is  converted  into  columbic  acid  eitlier  by  fusion  with  hydrate  of  potassa, 
or  deflagration  with  nitre.  When  heated  to  low  redness,'  it  takes  fire  and 
glows,  yielding  a  light  gray  powder ;  but  in  this  way  it  is  never  completely 
oxidized.  Berzelius  states  that  this  oxide,  in  union  with  protoxide  of  iron 
and  a  little  protoxide  of  manganese,  occurs  at  Kimito  in  Finland,  and  may 
be  distinguished  from  the  other  ores  of  columbium  by  yielding  a  chestnut- 
brown  powder. 

Columbic  Aeid.^^khimhium  exists  in  n(iost  of  its  ores  as  an  acid,  united 
either  with  the  oxides  of  iron  and  manganese,  as  in  tantalite,  or  with  the 
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ewthyttm,u  w  th«7tlro4«ntalit0.  Tbii  acid  w  obtaiiwd  bj  Avng  ite  on 
wilh  three  or  firor  times  ite  weight  of  carbonate  of  poUaea,  when  a  aoloMe 
coldaabato  of  that  alkali  reaolta,  from  which  oolnmbie  acid  b  preciiataled 
ae  a  white  hydrate  by  acids.  Benelius  also  preparea  it  by  fosioD  wHh 
bisolpbate  of  potassa. 

Hydrated  columbic  acid  is  tasteless  and  insoluble  in  water;  bat  when 
placed  on  moistened  litmos  paper,  it  oommonicates  a  red  tinge.  It  is  dts- 
solved  b^  the  sulphuric,  hydrochloric,  and  some  Tey^etable  acids ;  but  it  does 
not  dimmish  their  acidity,  or  appear  to  form  definite  compounds  with  them. 
With  alkalies  it  unites  readily ;  and  though  it  does  not  neutralir^  their  pro- 
perties completely,  crystallized  salts  may  be  obtained  by  evaporation.  When 
the  hydrated  acid  is  heated  to  redness,  water  is  expelled,  and  the  anhydrooa 
columbic  acid  remains.     In  this  state  it  is  attacked  by  alkalies  only. 

TVrdUortde  of  Columbium. — ^When  columbium  is  heated  in  chlorine  gaa, 
it  takes  fire  and  burns  actively,  yielding  a  yellow  vapour,  which  condenses 
in  the  cold  parts  of  the  apparatus  in  the  form  of  a  white  powder  with  a  tint 
of  yellow.  Its  texture  is  not  in  the  least  crystalline.  By  contact  with 
water,  it  is  converted,  with  a  hissing  noise  and  increase  of  temperature,  into 
oolumbic  and  hydrochloric  acids. 

TtrJhuTxde  of  CiAumJbwm, — Hydrofluoric  acid  takes  up  hydrated  columbic 
acid,  and  forms  with  it  a  compound  of  terfluoride  of  columbium  and  hydro- 
fluoric acid,  which,  by  evaporation  at  76^,  is  deposited  in  crystals,  whidi 
are  soluble  in  water  and  effervesce  in  the  air.  By  gently  evaporating  the 
solution,  an  uncrystalline  mass,  white  and  opaque,  is  left,  which  Berxelius 
considers  to  be  the  terfluoride  of  columbium.  By  water  part  of  it  is  eon- 
verted  into  -columbic  and  hydrofluoric  acids,  the  latter  soluble  and  the 
former  insoluble ;  but  both  of  these  acids  retain  some  terfluoride  in  combi- 
nation. 

Suljkufet  of  Columbium, — This  compound,  first  prepared  by  Rose,  is 
generated,  with  the  phenomena  of  combustion,  when  columbium  is  heated 
fo  commencinff  redness  in  the  vapour  of  sulphur ;  or  by  transmitting  the 
vap|our  of  bisulphnret  of  carbon  over  columbic  acid  in  a  porcelain  tube  at  a 
white  heat,  carbonic  oxide  being  also  evolved. 


SECTION  XIX. 

ANTIMONY. 

Antimomt  was  first  made  known  as  a  metal  in  the  15th  century  by  Basil 
Valentine,  and  is  said  to  derive  its  name  {atUimoine,  anti-monk)  from  having 
proved  fatal  to  some  monks  to  whom  it  was  giyen  as  a  medicine.  It  some- 
times occurs  native;  but  its  only  ore  which  is  abundant,  and  from  which 
the  antimony  of  commerce  is  derived,  is  tlje  sulphuret  This  ore,  the 
stibium  of  the  ancients,  was  long  regarded  as  the  metal  itself,  and  was  called 
anlimoi^,  or  crude  antimony;  while  the  pute  metal  was  termed  the 
reguluo  of  antimony. 

Metallic  antimony  may  be  obtained  either  by  heating  the  native  sulphuret 
in  a  covered  crucible  with  half  its  weight  of  iron  filings ;  or  by  mixing  it 
with. two-thirds  of  its  weight  of  cream  of  tartar  and  one-third  of  nitre,  and 
throwing  the  mixture,  in  small  successive  portions,  into  a  red-hot  crucible. 
By  the  first  process  the  sulphur  unites  with  iron,  and  in  the  second  it  is  ex- 
pelled in  the  form  of  sulphurous  acid;  while  the  fused  antimony,  which  in 
both  cases  collects  in  the  bottom  of  the  crucible,  may  be  drawn  ofiT  and  re- 
ceived in  moulds.  The  antimony,  thus  obtainedi  is  not  absolutely  pnre ; 
fod,  therefore,  fin-  chemiosl  purposes,  should  be  procured  by  heating  the  ox- 
ide with  an  equal  weight  of  eream  of  tartar. 
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Antimony  is  a  brittle  meUl,  of  a  white  colour  miming  into  Uuiah-frar, 
and  !■  poneaaed  of  oonsiderable  Iiwtre.  Its  density  \a  nearly  6.7.  At  810® 
It  fbaea,  and  on  oooUng  acquires  a  highly  lamellated  textura,  and  sometimea 
^ieUa  crystals :  like  arsenic,  but  onlike  most  other  metals,  its  primary  form 
IS  a  rhombohedron.  It  has  the  character  of  being  a  volatile  metal ;  but 
Thenard  found  that  it  bears  an  intense  white  heat  without  subliming,  pro- 
vided atmospheric  air  be  perfeetly  excluded,  and  no  gaseous  matters,  such 
as  carbonic  add  or  watery  vapour,  be  disengaged  during  the  pw-ocess.  Ita 
•w&oe  tarnishes  by  ezposuhe  to  the  atmosphere  ;  and  by  the  continued  action 
of  air  and  moisture,  a  dark  matter  is  formed,  which  Bcrzelius  regards  aa  a 
de6nite  compound.  It  appears,  however,  to  be  merely  a  mixture  of  the  sea- 
ipiioxidc  and  metallic  antimony.  Heated  to  a  white  or  even  full  red  heat  in 
a  covered  crucible,  and  then  suddenly  exposed  to  the  air,  it  inflames,  and 
horns  with  a  white  light  During  the  combustion  a  white  vapour  rises, 
which  condenses  on  cool  surfaces ,  frequently  in  the  form  of  small  shining 
needles  of  silvery  whiteness.  These  crystals  were  formerly  called  argetHiiu 
fhwera  of  antimony^  and  in  chemical  works  are  generally  described  aa  anti- 
monious  acid ;  but  they  are  correctly  considered  by  Berxelius  as  the  aesqui- 
oxide. 

From  the  experiments  of  Berzelius  on  the  composition  of  the  oxide  and 
acids  of  antimony  (An.  de  Ch.  et  de  Ph.  xvii.),  the  equivalent  of  that  metal 
may  be  estimated  at  64.6.  The  composition  of  its  compounds  described  in 
this  section  is  as  follows : — 

Twoeq. 

Antimony. 

Sesquioxide  ]29i2+Oxygen 
Antimoni-  /  ,«^  ^ 

ousacid  Jl29.2+do. 
Antimonic  t  ^^^^  ,    . 

acid  J  129.2  + do. 

qui. 


24 
32 
40 


Equiv. 


chloride 
Bichlo. 

ride 
Perchlo- 

ride 
Bromide 
Sesqui. 

Bolphuret 
Bisulphu- 

rct 
Persulphu. 

ret. 
0^-Bulph. 

of  antim. 


Formulae. 
2Sb+30or  Sb. 
2Sb+40  OP  g^ 

2Sb+50  or  S&, 
1295 + Chlorine    106.26 '  3  eq.=235.46  2Sb  -f-  3C1  or  Sbici 
1295-f-do.  141.68    4cq.^270.88  2Sb+4aorSb»Cl4. 

5eq.=306.3    2Sb+5Cl  or  Sb«Cl*. 


3eq. 

4  6q.r=1615 
5eq.=:169.2 


1 1295+do.  177.1 

Composition  uncertain. 


129.2  + Sulphur 
129S  +  do. 

1 129i2+do. 

(  Sesquisolph. 
(  Seaquioxide. 


48.3 
64.4 

80.5 

355 
153.2 


.177.5 


3eq.. 

4  eq.= 

5  eq.=s=209.7 


s  193.6 


2Sb+3SorSb8B3. 
2Sb+4SorSb«S*. 
2Sb+5SorSbS85. 


leq.J 


^=508.2  2SbsS3+Sb. 


iSesfttsojride.— When  sesquichloride  of  antimony,  made  by  boiling  the 
native  sulphuret  in  hydrochloric  acid  (page  258),  is  poured  into  water,  a 
white  curdy  precipiUte  subsides,  formerly  called  powder  of  AlgarUh^  which 
consists  of  sesquioxide  of  antimony  combined  with  a  little  hydrochloric  acid, 
OP  more  probably  with  undecomposed  chloride.  On  decomposing  the  latter 
by  digestion  with  carbonate  of  potassa  and  then  washing  with  water,  the 
sesquoxide  is  obtained  in  a  steto  of  purity.  It  may  aho  be  procured  by 
adding  carbonate  of  potassa  or  soda  to  a  soludon  of  tartar  emetic,  and  hy 
sublimation  during  the  combustion  of  antimony.  When  slowly  sublimed  it 
condenses  in  fine  needles  of  silvery  whiteness.  It  occurs  as  a  mineral,  the 
fside  of  antimony  of  mineralogists,  the  primary  form  of  which  is  a  right 
phombic  prism,  isomorphous  with  the  crvstels  of  arsenious  aoid  latelv  oh. 
IhyWOhUp-    (Page364.>  ^ 
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Seiqaioxide  of  antimony,  when  prepared  in  the  mobt  way,  it  a  white 
powder  with  a  aomewhat  dirty  appearance.  When  heated  it  acquirea  a  yellow 
tint,  and  at  a  dull  red  heat  in  close  Yeaaels  it  is  faaed,  yielding  a  yellow  flaid, 
which  beoomea  an  opaque  grayish  crystalline  maaa  on  cooling.  Its  ap. 
gravity  is  5.566.  It  is  very  volatile,  and  if  protected  from  atmoapheric  air 
may  be  sublimed  without  change.  When  heated  in  open  veaadls  it  abaorbe 
oxygen ;  and  when  the  temperature  is  suddenly  raised,  and  the  oxide  is  poroua, 
it  takes  fire  and  burns.  In  both  cases  antimonious  acid  is  generated.  ^  It  is 
the  only  oxide  of  antimony  which  forms  regular  salts  with  acids,  and  is  the 
base  of  the  medicinal  preparation  tartar  eme/ic,  the  tartrate  of  antimony  and 
potaaaa.  Moat  of  its  salts,  however,  are  either  insoluble  in  water,  or,  like 
chloride  of  antimony,  are  decomposed  by  it,  owing  to  the  affinity  of  that  fluid 
lor  the  acid  being  greater  than  that  of  the  acid  for  oxide  of  antimony.  Thia 
oxide  is,  therefore,  a  feeble  base ;  and,  indeed,  possesses  the  property  of  uniting 
with  alkalies.  To  the  foregoing  remark,  however,  tartrate  of  antimony  and 
potaaaa  is  an  exception ;  for  it  dissolves  readily  in  water  without  change. 
By  excoaa  of  tartaric  or  hydrochloric  acid,  the  insoluble  aalta  of  antimony 
may  be  rendered  aoluble  in  water. 

The  presence  of  antimony  in  solution  is  easily  detected  by  hydroaul- 
phnric  acid.  This  gas  occasions  an  orange-colourcd  precipitate,  hydrated 
aesquisulphuret  of  antimony,  which  is  soluble  in  pure  potassa,  and  is  dia- 
aolved  with  disengagement  of  hydroeulphuric  acid  gas  by  hot  hydrochloric 
acid,  forming  a  solution  from  which  the  white  oxy.chloride  {powder  of 
Alfaroih)  is  precipitated  by  water. 

In  trying  the  effect  of  reagents  on  solutions  of  seaquioxide  of  antimonj, 
it  is  convenient  to  employ  tartar  emetic,  from  its  property  of  dissolving  in 
pure  water  without  decomposition.  From  a  solution  of  this  salt,  when 
moderately  concentrated,  a  little  pure  potassa  throws  down  the  oxide,  but 
excess  of  the  alkali  dissolves  the  precipitate.  The  oxide  is  more  perfectly 
separated  by  alkaline  carbonates.  Lime-water  causes. a  white  precipitate,  a 
mixed  tartrate  of  lime  and  sesquioxide  of  antimony ;  and  earthy  and  metal- 
lic salts  decompose  tartar  emetic  by  forming,  like  lime,  sparingly  soluble 
compounds  with  tartaric  acid.  DecompoeitioA  is  also  occasioned  by  most 
acids,  which  throw  down  a  sparingly  soluble  salt  of  antimony  and  cream  of 
tartar ;  and  a  recently  made,  pretty  strong,  infusion  of  gall-nuts  gives  a 
yellowish-white  precipitate,  which  consists  of  tannin  and  sesquioxide  of 
antimony.  But  these  appearances  are  by  no  means  to  be  relied  on  as  testa 
of  the  presence  of  antimony :  a  mixture  of  other  subatancea  might  be  simi- 
larly influenced  by  the  same  reagents ;  in  a  moderately  dilute  solution  of 
tartar  emetic  most  of  them  produce  no  effect  whatever;  and  the  too  free 
addition  of  a  pure  alkali  or  of  an  acid,  even  to  a  strong  'solution,  may 
altogether  prevent  that  precipitate  from  fbrming,  which  a  smaller  quantity 
of  ue  same  reasrents  would  have  produced.  The  only  certain  method  of 
hringinfif  the  antimony  into  view,  even  in  a  very  weak  solution,  is  to  acidu- 
late with  tartaric  acid,  and  then  transmit  through  the  liquid  a  current  of 
hydroeolphuric  acid  gas.  The  hydrated  sesquisulphuret  of  antimony,  of  a 
cnaracteristic  orange-red  colour,  is  immediately  formed. 

The  detection  of  antimony  in  mixed  fluids,  aa  when  tartar  emetic  is 
mixed  with  articlea  of  food,  is  conducted  in  the  following  manner^ — ^Tbe 
subatancea  are  first  digested  in  water  acidulated  with  about  a  drachm  of 
hydrochloric  and  tartaric  acids,  which  coagulate  aome  organic  mattera,  and 

Sve  complete  solubility  to  the  sesquioxide  of  anGmony.  Through  the 
tered  liquid,  hydrosulphuric  acid  is  then  transmitted,  when  the  oranffe-red 
aesquisulphuret  of  antimony  subsides,  which  preserves  its  characteristic  tint 
even  when  deposited  from  coloured  solutions,  and  may  be  further  recog- 
nised by  aolution  in  hot  hydrochloric  acid  and  precipitation  by  water.  The 
metal  itself  may  in  general  be  obtained  by  placing  the  dry  eulphuret  in  a 
glaaa  tube,  transmitting  through  it  a  current  of  hydrogen  gaa,  and  then, 
when  all  the  atmospheric  air  is  displaced,  beating  the  anlphuret  by  the  flame 
of  a  spirit-lamp.    The  sulphur  is  carried  off  in  the  form  of  hydn«iilphiirio 
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acid  gwKj  and  the  metallic  antimony,  I'eco^iable  by  its  luatrc,  remainf. 
The  metal  is  principally  found  where  the  sulphuret  lay;  hot  if  the  current 
of  gas  during  the  redaction  happen  to  be  rapid,  it  causes  mechanically  a 
•pariotts  gnblimation  of  antimony,  which  lines  part  of  the  tnbe  with  a  thin 
film  of  metal.  When  much  organic  matter  is  mixed  with  the  sulphuret,  tiie 
metal  is  sometimes  indistinctly  seen.  In  that  case  it  should  be  dissolved  in 
a  few  drops  of  nitro-hydrochloric  acid  with  heat,  and  be  precipitated  by 
water:  it  may  then  be  rcdissolved  by  tartaric  acid,  and  again  precipitated 
with  its  characteristic  tint  by  hydrosolphuric  acid.  Orfila  recommends  that 
the  metal  should  be  obtained  from  the  sulphuret  by  fusion  with  black  flux; 
but  I  have  elsewhere  shown  this  process  to  be  very  precarious,  and  my 
opinion  is  supported  by  the  experience  of  Dr.  Christison.  (Treatise  on 
Poiscms,  3nd  Ed.  429.) 

Aniinumioua  Acid. — ^When  metallic  antimony  is  digested  in  strong  nitrie 
acid,  the  metal  is  oxidized  at  the  expense  of  the  acid,  and  hydrated  antimonic 
acid  is  formed ;  and  on  exposing^  this  substance  to  a  red  heat,  it  gi?c8  out 
water  and  oxygen  gas,  and  is  converted  into  antimonious  acid.  It  is  also 
generated  when  the  oxide  is  exposed  to  heat  in  open  vessels.  Tliua,  on 
heating  sulphuret  of  antimony  with  free  exposure  to  the  air,  sulphurous  acid 
and  sesquioxide  of  antimony  are  generated  ;  but  on  continuing  the  roasting 
until  all  the  sulphur  is  burned,  the  oxide  gradually  absorbs  oxygen  and  passes 
into  antimonious  acid.  Hence  this  acid  is  formed  in  the  process  of  pre. 
paring  the  Pti/tns  Antimonialis  of  the  Pharmacopeia.  Antimonious  acid 
is  white  while  cold,  but  acquires  a  yellow  tint  when  heated,  is  very  infusible, 
and  fixed  in  the  fire,  two  characters  bj  which  it  is  readily  distinguished 
from  the  oxide.  It  is  insoluble  in  water,  and  likewise  in  acids  afler  being 
heated  to  redness.  It  combines  in  definite  proportions  with  alkalies,  and  its 
salts  are  called  anlimonites,  Antimonious  acid  is  precipitated  from  these 
aalts  by  acids  as  a  hydrate,  which  reddens  litmus  paper,  and  is  dissolved  by 
hydrochloric  and  tartaric  acids,  though  without  appearing  to  form  with  them 
definite  compounds. 

Antimonic  Acid,  sometimes  called  peroxide  of  antimony,  is  obtained  as  a 
white  hydrate,  cither  by  digesting  the  metal  in  strong  nitric  acid,  or  by  dis- 
solving it  in  nitro-hydrochloric  acid,  concentrating  by  heat  to  expel  excess  of 
acid,  and  throwing  the  solution  into  water.  When  recently  precipitated  it 
reddens  litmus  paper,  and  may  then  be  dissolved  in  water  by  means  of  hy* 
drochloric  or  tartaric  acid.  It  does  not  enter  into  definite  combination  with 
acids,  but  with  alkalies  forms  salts,  which  are  called  awtimoniates.  When 
hydrated  antimonic  acid  is  exposed  to  a  temperature  of  500°  or  600°  F.  tho 
water  is  evolved,  and  the  anhydrous  acid  of  a  yellow  colour  remains.  In 
this  state  it  resists  tlie  action  of  acids.  When  exposed  to  a  red  heat,  it  parts 
with  oxygen,  and  is  converted  into  antimonious  acid. 

Chhriaec  rf  Antimony, — >When  antimony  in  powder  is  thrown  into  a  jar 
of  chlorine  gas,  combustion  ensues,  and  the  Besquickloride  of  antimony  is 
generated.  The  same  compound  may  be  formed  by  distilling  a  mixture  of 
antimony  with  about  twice  and  a  half  its  weight  of  corrosive  sublimate,  when 
the  volatile  sesquichloride  of  antimony  passes  over  into  the  recipient,  and 
metallic  mercury  remains  in  the  retort.  At  common  temperatures  it  is  a 
soil  solid,  thence  called  butter  of  antimony,  which  is  liquefied  by  gentle  heat, 
and  crystallizes  on  cooling.  It  deliquesces  on  exposure  to  the  air;  and 
when  mixed  with  water,  hydrochloric  acid  and  sesquioxide  are  generated, 
and  the  latter,  combined  with  a  little  undecom posed  chloride,  subsides. 

The  hichhride  of  antimony  is  formed  by  acting  on  hydrated  antimonions 
by  hydrochloric  acid,  when  a  solution  is  formed,  whicli  appears  to  be  a  com- 
pound of  bichloride  of  antimony  and  hydrochloric  acid.  It  possesses  little 
permanence,  and  on  the  addition  of  water,  antimonious  acid  snbsides,  and 
hydrochloric  acid  remains  in  solution. 

The  perchhride  is  generated  by  passing  dry  chlorine  gas  over  heated  me- 
tallic antimony.  It  is  a  transparent  volatile  liquid,  which  emits  fumes  on 
exposure  to  the  air.    Mixed  with  water,  it  is  converted  into  hydrochloric 

32» 
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acid,  and  hydrated  antimonic  acid  which  sabridot.    (Rose,  in  the  Annals  of 
Philoeophy,  N.  S.  %.) 

Bromiae  of  Antimony. — ^The  union  of  bromine  and  antimony  is  attended 
with  disengagement  of  heat  and  light,  and  the  compouod  is  readily  obtained 
by  distillation,  as  in  the  process  for  preparing  bromide  of  arsenic.  It  is 
•olid  at  common  temperatures,  is  fused  at  206°,  and  boils  at  518"  F.  It  is 
colourless  and  crystallizes  in  needles ;  it  attracts  mouture  from  the  air,  and 
is  decomposed  by  water. 

Seoquioulphuret  of  Antimony, — ^This  is  by  far  the  most  abundant  ore  of 
antimony,  and  is  hence  employed  in  making  the  preparations  of  antimony. 
Though  generally  compact  or  earthy,  it  sometimes  occurs  in  acicolar  crys- 
tals  and  in  rhombic  prisms.  Its  sp.  gravity  is  4.62,  colour  red-gray,  and  its 
lustre  metallic.  When  heated  in  cltjso  vessels,  it  enters  into  fusion  without 
undergoin|r  any  other  change.  It  may  be  formed  artificially  by  fusing  to- 
gether antimony  and  sulphur,  or  by  transmitting  a  current  of  bydrosulphuric 
acid  gas  through  a  solution  of  tartar  emetic :  in  this  case  it  fidls  as  a  hydrate 
of  an  orange-red  colour,  and  does  not  acquire  its  dark  colour  till  its  water  is 
expelled  by  heat 

The  bUulphuret  is  formed,  according  to  Rose,  by  transmitting  bydrosul- 
phuric acid  gas  through  a  solution  of  antinjonious  acid  in  dilute  hydrochloric 
acid.  (An.  of  Phil.  N.  S.  x.) 

Rose  formed  the  persul^uret  by  the  action  of  bydrosulphuric  acid  on  a   ' 
solution  of  antimonic  acid.     The  golden  sulphuret,  prepared  by  boiling  sul- 
phuret  of  antimony  and  sulphur  in  solution  of  potassa,  a  process  which  is  not 
adopted  by  either  of  our  colleges,  is  a  pcrsulphuret 

Oxy-9uiphuret  of  Antimony. — Rose  has  shown  that  this  compound  occurs 
in  the  mineral  kingdom,  being  the  rtd  antimony  ore  (rothspiesglanzerz)  of 
mineralogists.  The  pharmaceutic  preparations  known  by  the  terms  glass, 
2te«r,  and  crocus  of  antimony,  are  of  a  similar  nature,  though  less  definite  in 
composition.  They  are  made  by  roasting  the  native  sulphuret,  so  as  to 
form  sulphurous  acid  and  sesquioxide  of  antimony,  and  then  vitrefying  the 
oxide  together  with  undccomposed  ore,  by  means  of  a  strong  heat  The 
product  will  of  course  differ  according  as  more  or  less  of  the  sulphuret 
escapes  oxidation  during  the  process. 

When  sulphuret  of  antimony  is  boiled  in  a  solution  of  potassa  or  soda,  a 
liquid  is  obtained,  from  which  on  cooling  an  orange-red  matter  called 
kermes  mineral  is  deposited;  and  on  subsequently  neutralizing  the  cold 
s<Jution  with  an  acid,  an  additional  quantity  of  a  similar  substance,  the 
golden  sulphuret  of  the  Pharmacopoeia,  subsides.  These  compounds  may  also 
be  obtained  by  igniting  sulphuret  of  antimony  with  an  alkali  or  alkaline  car- 
bonate, and  treating  the  product  with  hot  water ;  or  by  boiling  the  mineral 
in  a  solution  of  carbonate  of  soda  or  potassa.  The  finest  kermes  is  obtained, 
according  to  M.  Cluzel,  from  a  mixture  of  4  parts  of  sulphuret  of  antimony, 
90  of  crystallized  carbonate  of  soda,  and  1000  of  water.  These  materials 
are  boiled  for  half  or  three-quarters  of  an  hour ;  the  hot  solution  is  filtered 
into  a  warm  vessel,  in  order  that  it  may  cool  slowly;  and  after  24  hours, 
the  deposile  is  collected  on  a  filter,  moderately  washed  with  cold  water,  and 
dried  at  a  temperature  of  70°  or  bO°  F. 

Very  great  diversity  of  opinion  has  long  existed  among  chemists  as  to  the 
nature  of  kermes.  Berzelius  and  Rose  gave  experiments  to  show  that  it  is 
a  hydrated  sesquisulphuret,  diflforing  from  the  native  sulphuret  solely  in 
being  combined  with  water.  Subsequently  Gay-Lussac  and  others  observed 
that  kermes  contains  sesquioxide  of  antimony,  which  may  be  removed  by 
digestion  with  cream  of  tartar;  and  Gay-Lussac  inferred  from  the  quantity 
or  water  formed  when  kermes,  previously  rendered  anhydrous,  is  reduced 
by  hydrogen  gas,  that  it  is  a  hydrated  ox^-sulphuret,  identical,  when  de- 
prived of  its  water,  with  the  red  ore  of  antimony  above  referred  to.  Still 
more  recently  Rerzclius  has  explained,  that  the  ordinary  process  for  making 
kermes  leads  to  the  separation  of  a  compound  of  sesquioxide  of  antimony 
and  potassa,  which  tenaciously  adheres  to  kermes,  but  is  not  chemicall/ 
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Qoited  with  it:  lie  rightly  Brguea  that  the  question  ii  not,  whether  setqjii. 
oxide  of  antimony  is  sometimes  or  generally  present  in  kermes,  but  whether 
the  latter  can  exist  wUhinU  sesquioxide  of  antimony.  This  question  he^has 
answered  affirmatively.  He  fused  sulphuret  of  antimony  with  bkek  flnx, 
boiled  the  residue  in  water,  and  set  aside  the  solution  to  cool :  a  perfect 
kermes  was  deposited,  which  he  considers,  and  I  apprehend  with  jrood 
reason,  to  be  quite  free  from  sesquioxide  of  antimony.  (Pog.  Annalen,  xx.  364.) 
.The  theory  of  the  preparation  of  kermes,  as  given  by  fierzelius,  is  the 
following^ — When  sesquisulpburct  of  antimony  is  fused  with  potassa,  part  of 
each  interchanges  elements  with  the  other  in  such  a  ratio  that 

1  eq.  sesquisulphuretof  ant.  2Sb4-3S!5  1  eq.  sesquioxide  of  antimony  2Sb-f-30 
and  3  eq.  poUuBsa  3(K4-0)'^&  3  eq.  sulphuret  of  potassium  3(K4-S). 

The  sulphuret  of  potassium  unites  with  undecomposed  sesquisulphuret  of 
antimony,  forming  a  sulphur-salt  which  will  be  a?ain  referred  to  hereafter, 
and  sesquioxide  of  antimony  with  undecomposed  potassa;  and  on  adding 
hot  water  both  compounds  are  dissolved,  and  coexist  independently  of  each 
other  in  the  solution.  As  the  solution  cools,  the  sesquisulphuret  of  antimony 
subsides,  simply  because  the  solvent  power  of  sulphuret  of  potassium  is 
thereby  diminished ;  but  a  variable  quantity  of  potassa  and  sesquioxide  of 
antimony  fiills  with  the  deposite,  and  cannot  be  entirely  removed  by  washing 
with  water.  The  cold  solution  still  contains  a  double  sulphuret  of  antimony 
and  potassium,  together  with  sesquioxide  of  antimony  united  with  potassa : 
on  acidulating  with  sulphuric  acid,  the  sulphuret  of  potassium  is  resolved, 
by  decomposition  of  water,  into  potassa  and  hydrosulphuric  acid,  and  the 
sesquioxide  of  antimony  is  deprived  of  its  potassa;  and,  therefore,  the  sesqui- 
sulphuret and  sesquioxide  of  antimony,  both  losing  at  the  Sabie  instant  the 
principles  which  gave  them  solubility,  are  thrown  down  either  in  combina- 
tion or  in  mixture  with  each  other.  Berzelius  believes  the  same  change  to 
occur  when  the  ingredients  are  boiled  instead  of  fused  together.  The 
golden  sulphuret  dmen  from  kermes,  in  the  absence  of  potassa,  in  contain- 
ing  more  sesquioxide  of  antimony,  and  perhaps  in  being  or  containing  an 
oxy-sulphuret.  It  commonly  contains  free  sulphur,  derived  apparently  m>m 
the  oxidixing  influence  of  the  air  on  Uie  sulphuret  of  potassium.  When 
alkaline  carbonates  are  employed  instead  of  pure  alkalies,  the  same  phenom. 
ena  ensue,  except  that  carbonic  acid  is  evolved. 


SECTION  XX. 

URANIUM— CERIUM. 
URANIUM. 

This  metal  was  discovered  in  1789  by  the  German  analyst  Klaprotb,  who 
named  it  afler  the  new  planet  Uranus,  the  discovery  of  which  took  place  in 
the  same  year.  It  was  obtained  from  a  mineral  of  Saxony,  called  from  its 
black  colour  pitchblende^  which  consists  of  protoxide  of  uranium  and  oxide 
of  iron.  From  this  ore  the  uranium  may  be  conveniently  extracted  by  the 
following  process. — Aflcr  heating  the  mineral  to  redness,  and  reducing  it  to 
fine  powder,  it  is  digested  in  pure  nitric  acid  diluted  with  three  or  four  parts 
of  water,  taking  the  precaution  to  employ  a  larger  quantity  of  the  mineral 
than  the  nitric  acid  present  can  dissolve.  By  this  mode  of  operating,  the 
protoxide  is  converted  into  peroxide  of  uranium,  which  unites  wiSi  the 
nitric  acid  almost  to  the  total  exclusion  of  the  iron.    A  current  of  hydro- 
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•ulphurie  acid  gm  »  then  trmnimitled  through  the  0olation«  in  order  to  Mpa- 
r»t6  lead  and  eopper,  the  ealphureti  of  which  are  always  mixed  with  piteb- 
hieode.  The  ■olotion  is  boilod  to  expel  fl*ee  hydroralphurie  acid,  and,  after 
being  oonoentrated  bj  oraporation,  is  set  aside  to  crystalliie.  The  nitrate  of 
peroxide  of  uranium  is  gradually  deposited  in  flattened  four^ided  prisms  of 
a  beautiibl  lemon  .yellow  ooloor. 

The  properties  of  metallic  aranium  are  as  yet  known  imperfectly.  It 
was  prepared  by  Arfwedson  by  conducting  hydrogen  gas  orer  the  protoxide 
of  uranium  heated  in  a  glass  tube.  The  substance  obtained  by  this  prooees 
was  crystalline,  of  a  metallic  lustre,  and  of  a  reddish-brown  colour.  It 
suffered  no  change  on  exposure  to  air  at  common  temperatures;  but  when 
heated  in  open  vessels  it  absorbed  oxygen,  and  was  reconverted  into  the 
protoxide.    From  its  lustre  it  was  inferred  to  be  metallic  uraniam. 

From  the  experiments  of  Arfwedson  and  Perzelius  on  the  oxides  of  ura- 
nium, the  equivalent  of  the  metal  may  be  estimated  at  217.  (An.  of  Ph.  N. 
S.  vii.  258.)  Its  compounds  described  in  this  section  are  thus  con- 
stituted: 

Uranium.  Equiv.  Formule. 

Protoxide        217  1  eq.-|. Oxygen      8      1  eq.=225         U-f  O  or  U. 

Peroxide         434  2  eq.  4.  do.  24      3  eq.^  458       2U  4. 30  or  U 

Protoehloride  217  1  eq.  4.  Chlorine  35.42  1  eq.  ss252.42    U  -f  a  or  UCL 
Perchloride     434  2cq.4-do.  106.26  3 eq.=r540.36  2U4.3aorU*as. 

Solphuret        Composition  anknown. 

Protoxide, — ^This  oxide  is  of  a  very  dark  green  colour,  and  is  obtained  by 
exposing  nitrate  of  the  peroxide  to  a  strong  heat  It  is  exceedingly  info- 
sible,  and  bears  any  temperature  hitherto  tried  without  change.  It  unites 
with  acids,  forming  salts  of  a  green  colour.  It  is  readily  oxidized  by  nitric 
acid,  yielding  a  nitrate  of  the  peroxide.  The  protoxide  is  employed  in  the 
arts  for  giving  a  black  colour  to  porcelain. 

Perojnde  of  Uranium  is  of  a  yellow  or  orange  colour,  and  most  of  its 
salts  have  a  similar  tint.  It  not  only  combines  with  acids,  but  likewise 
unites  with  alkaline  bases,  a  property  which  was  first  noticed  by  Arfwedson. 
It  is  precipitated  from  acids  as  a  yellow  hydrate  by  pure  alkslies,  fixed  or 
volatile;  but  retains  a  portion  of  these  bases  in  combination.  It  is  thrown 
down  as  a  carbonate  by  alkaline  carbonates,  but  is  redissolved  by  an  excess 
of  carbonate  of  soda  or  ammonia,  a  circumstance  which  affords  an  easy 
method  of  separating  uranium  from  iron.  It  is  not  precipitated  by  hydro- 
sulphuric  acid,  but  acquires  a  green  tint  from  partial  deoxidation.  With 
ierrocyanoret  of  potassium  it  gives  a  brownish-red  precipitate,  very  like  fer- 
rocyanuret  of  copper. 

Peroxide  of  uranium  is  decomposed  by  a  strong  heat,  and  converted  into 
the  protoxide.  From  its  affinity  for  alkalies,  it  is  difficult  to  obtain  it  in  a 
state  of  perfect  purity.  It  is  employed  in  the  arts  for  giving  an  orange 
colour  to  porcelain. 

Chlorides. — These  compounds  are  obtained  in  solution  by  dissolving  the 
corresponding  oxides  in  hydrochloric  acid.  The  protoehloride  is  green, 
very  soluble,  and  does  not  crystallize.  Tiic  perchloride  is  yellow,  deliques- 
cent, soluble  in  alcohol,  ether,  and  water,  and  yields  yellow  solutions. 

Sulphuret  of  Uranium  may  be  formed  by  transmitting  the  vapour  of 
bisulpnuret  of  carbon  over  protoxide  of  uranium  strongly  heated  in  a  tube  of 
porcelain.  (Rose.)  It  is  of  a  dark  grray  or  nearly  black  colour,  is  converted 
into  protoxide  of  uranium  when  neated  in  the  open  air,  and  is  readily  dis- 
solved by  nitric  acid.    Hydrochloric  acid  attacks  it  feebly. 
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CERIUM. 


Gerram,  named  after  the  planet  Cereii,  was  discovored  in  the  year  1803  by 
Hisinger  and  Berzelius,  in  a  rare  Swedish  mineral  known  by  the  name  m 
oerite,  and  its  existence  was  recognized  about  the  same  time  by  Klaproth. 
Dr.  Thomson  has  since  found  it  to  the  extent  of  tbirty-foar  per  cent  in  a 
mineral  from  Greenland,  called  AUaniie^  in  honour  of  the  late  Mr.  Allan, 
who  first  distinguished  it  as  a  distinct  species. 

The  properties  of  cerium  are  in  a  great  measure  unknown.  It  appears 
from  the  experience  of  Vauquelin,  who  obtained  it  in  minute  buttons  not 
larger  than  the  head  of  a  pin,  that  it  is  a  white  brittle  metal,  which  resists  the 
action  of  nitric,  but  is  dissolved  by  nitro-hydrochloric  acid.  Accordinpr  to 
an  experiment  made  by  Mr.  Children  and  Dr.  Thomson,  metallic  cermm 
is  volatile  in  very  intense  degrees  of  heat  (An.  of  Phil,  ii.) 

From  the  experiments  of  Hisinger,  the  equiTalent  of  cerium  may  be 
estimated  at  46,  and  its  compounds  described  in  this  section  are  thus 
constituted : — 

Cerium.  Equiv.         Formule. 

Protoxide    46  1  eq.-|-Oxygen       8      1  eq.s  54         Ce+O  or  Ce. 

Peroxide     93  3  eq^-do.  24      3  eq.»116      2Ce+30orCe. 

^chteride  [^^  1  cq.+Chlorine    3542  1  eq.«  81.42    Ce+Cl  or  CeCl. 

^^1^1^    1 92  2  eq^-do.  10656  3  eq«198iJ6  2Ce-|-3a  or  Ce«Cli. 

^^Kt  U^  leq.+Sulphur    16.1    1  eq.=  62.1      Ce+S  or  CeS. 

Protoxide, — ^This  oxide  is  a  white  powder,  which  is  insoluble  in  water, 
and  forms  salts  with  acids,  all  of  which  if  soluble  have  an  acid  reaction. 
Exposed  to  the  air  at  common  temperatures  it  suffers  no  change ;  but  if 
heated  in  open  Teasels,  it  absorbs  oxygen,  and  is  converted  into  the  peroxide. 
It  is  precipitated  from  its  salts  as  a  white  hydrate  by  pure  alkalies ;  as  a 
white  carbonate  by  alkaline  carbonates,  but  is  rcdissolved  by  the  precipitant 
in  excess  ;  and  as  a  white  oxalate  by  oxalate  of  ammonia. 

Peroxide  of  Cerium  has  a  fawn-red  colour.  It  is  dissolved  by  several  of 
the  acids,  but  is  a  weaker  base  than  the  protoxide.  Digested  in  hydro- 
chloric acid,  chlorine  is  disengaged  and  a  protochloride  results. 

The  most  convenient  method  of  extracting  peroxide  of  cerium  from  cerite 
is  by  the  process  of  Laugier.  Afler  reducing  cerite  to  powder,  it  is  dis- 
solved in  nitro-hydroehlorie  acid,  and  the  solution  is  evaporated  to  perfect 
dryness.  The  soluble  parts  are  then  redissolved  by  water,  and  an  excess  of 
ammonia  is  added.  The  precipitate  thus  formed,  consisting  of  the  oxides  of 
iron  and  cerium,  is  well  washed  and  aflerwards  digested  in  a  solution  of 
oxalic  acid,  which  dissolves  the  iron,  and  forms  an  insoluble  oxalate  with 
the  cerium.  By  heating  this  oxalate  to  redness  in  an  open  fire,  the  add  is 
decomposed,  and  the  peroxide  of  cerium  is  obtained  in  a  pure  state. 

CUoridee  of  Cerium — The  protochloride  is  obtained  as  a  porous  white 
mass  by  heating  protosulphuret  of  cerium  in  a  current  of  dry  chlorine  gas. 
It  is  fusible  at  a  low  red  heat,  deliquesces  in  the  air,  and  is  soluble  in  water 
and  alcohol  Its  solution  b  colourless;  but  in  open  vessels  it  becomes 
yellow  from  the  formation  of  perchloride,  undergoing  the  same  kind  of 
change  as  the  protochlorides  of  iron  and  tin. 

T&  perehkiide  is  formed  by  dissolving  peroxide  of  cerium  in  hydro- 
chloric acid,  and  it  forms  an  orange-yellow  solution. 

Proiondj^rei  of  Cerium. — Dr.  Mosander  has  succeeded  in  forminf  this 
oomponnd  by  two  diflforent  processes.    The  first  method  is  by  transnuttiog 


fthe  Vapour  of  fulpharat  of  carbon  orer  carboDate  of  protoxide  of  ceriam  at  a 
red  heat ;  and  the  eecond  is  by  AisiDg  oxide  of  cerium  at  a  white  heat  with 
a  laroe  excees  of  persulphuret  of  potaBsium  and  afterwards  removinff  the 
•oloUe  parte  by  water.  The  product  of  the  6r8t  operation  ia  porous, li^t, 
and  of  a  red  eoloar  like  red  lead ;  and  that  of  the  eecond  is  in  small  brilliant 
aeales»  and  of  a  yellow  colour,  hke  bisulphuret  of  tin.  These  solpburela, 
thoiijrii  different  in  appearance,  are  similar  in  point  of  coropoeition,  ooBtam- 
iaig  SS  per  cent  of  sulpiiur.  Ther  are  insoluble  in  water,  but  are  dissolved 
in  acids  with  evolution  of  hydrosufphuric  acid  gas,  without  any  rcatdunni  of 
ralplMr.  (Phikik  Mag.  and  Annals,  i.  71). 


SECTION  XXL 

BISMUTH— TITANIUM.— TELLURIUM. 
BISMUTH. 

Tms  metal  was  known  to  the  ancients,  though  often  confounded  by'  them 
with  lead  and  tin ;  but  it  appears  to  have  derived  the  name  of  bUmutk^  or 
properly  vnsmttth,  from  the  German  miners.  It  occurs  in  the  earth  both 
native  and  in  combination  with  other  substances,  such  as  sulphur,  oxygen, 
and  arsenic.  That  which  is  employ e^.jn  the  arts  is  derived  chiefly  from 
native  bismuth,  and  commonly  contains  small  quantities  of  sulphur,  iron, 
and  copper.  It  may  bo  obtained  pure  for  chemical  purposes  by  heating  the 
oxide  or  subnitrate  to  redness  along  with  charcoal. 

Bismuth  has  a  reddish-white  colour  and  considerable  lustre.  Its  structure 
is  highly  lamellated,  and  when  slowly  cooled,  it  crystallizes  in  octohedrons. 
Its  density  is  about  9.8.  It  is  brittle  when  cold,  but  may  be  hammered  into 
plates  while  warm.  At  476°  it  fuses,  and  sublimes  in  close  vessels  at  a  red^ 
heaL    It  is  a  less  perfect  conductor  of  beat  than  most  other  metals. 

Bismuth  undergoes  little  change  by  exposure  to  air  at  common  tempera- 
tares.  When  fused  in  open  vessels,  its  surface  becomes  covered  with  a  gray 
film,  which  is  a  mlxtore  of  metallic  bismuth  with  the  oxide  of  the  metaJ. 
Heated  to  its  subliming  point  it  burns  with  a  bluish-white  flame,  and  emits 
copious  fumes  of  oxide  of  bismuth.  The  metal  is  attacked  with  diffi- 
culty by  hydrochloric  or  sulphuric  acid,  but  it  is  readily  oxidized  and  dis- 
solved by  nitric  acid. 

The  equivalent  of  bismuth,  deduced  by  Lagerhjelm  from  the  composition 
of  its  protoxide,  is  7L  (An.  of  Phil.  iv.  357.)  Its  compounds  described  la 
this  section  are  thus  constituted : — 

Bismuth.  Equiv.  Formule. 

Protoxide      71     1  eq..f  Oxygen      8       1  eq.ss  79         Bi^-OorBi 


Peroxide  143  2  eq -f.  do.  34      3eq.al66       SBi-fSOorBL 

Chloride  71  1  eq.  4.  Chlorine  35.43  1  eq.==  106.^    Bi -f-Ci  or  Bid. 

Bromide  71  1  eq.-f   Bromine  78.4    1  eq.a:  149.4      Bi -f  Br  or  BiBr. 

Sulphuret  71  1  eq.-f  Sulphur  16.1    1  eq.aB  87.1       Bi^-SorBiS. 

Protoxide  of  Bitmuth. — This  compound  is  readily  prepared  by  heating  to 
redness  the  nitrate  or  subnitrate  of  oxide  of  bismuth.  Its  odour  is  yellow ; 
at  a  full  red  heat  it  is  fused  into  a  brown  liquid,  which  on  cooling  beoomcs 
a  yellow  transparent  glass  of  sp.  gravity  8i211.  At  intense  temperatures  it 
IS  sublimed.    It  unites  with  acids,  and  most  of  its  salts  are  white. 
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Wkn  ateate  of  ooddt  of  bisoNith,  either  invohitiaa  or  in  eryitafa,  is  fnH 
into  wmer,  a  copioiM  precipitate,  the  eubnitrate,  of  a  beantiiuUT  while 
ooloar,  enbeidca,  which  was  formerly  called  the  magiaUity  tf  binmsUu 
¥nm  its  whiteness  it  is  sometimes  employed  as  a  paint  fer  improving  the 
complexion;  but  it  is  an  inconvenient  pigment,  owing  to  the  fiicility  with 
whieh  it  is  blackened  by  hydrosalphuric  acid.  If  the  nitrate  with  which  it 
is  Bsde  contains  no  excess  of  acid,  and  a  large  quantity  of  water  is  em- 
ployed, nearly  the  whole  of  the  bismuth  is  separated  as  a  snbnitrate^ — Bf 
this  character  bismoth  may  be  bot^  distinguished  and  separated  from  other 


Permde. — ^This  oxide  was  first  noticed  by  Buchhoix  and  Brandes,  but  -its 
nature  and  eomposition  have  been  reoently  examined  by  Mr.  A.  Stromeyer. 
It  is  generated  when  hydrate  of  potassa  is  fused  at  a  modnate  heat  with 
protcmde  of  bismuth ;  but  the  heart  mode  of  preparation  is  first  to  prepare 
the  protoxide  by  igniting  the  subnitrate,  and  then  gently  heating  it  ibr  some 
time  in  a  solution  bf  chloride  of  potassa  or  soda.  After  washin|r  with  water, 
any  unchanged  protoxide  is  dissolved  by  a  solution  made  with  1  part  of 
nitric  acid  (quite  free  from  nitrous  acid)  and  9  of  water. 

As  thus  prepared,  peroxide  of  bismuth  is  a  heavy  powder  of  a  brown 
colour,  very  like  peroxide  of  lead,  manifests  little  disposition  to  unite  either 
with  acids  or  alkalies,  and  is  reconverted  by  heat  with  loss  of  oxygen  into 
the  protoxide.  Heated  with  sulphuric  or  phosphoric  acid,  it  gives  cm  oxygen 
gas,  and  a  sulphate  or  phosphate  of  the  protoxide  is  fi>rmed;  and  with 
hydrochloric  acid,  chlorine  is  evolved,  and  the  proiochloride  pruduoed. 
(An.  de  Ch.  et  de  Ph.  li.  267.) 

Chloride  of  BmiriiIA. — ^When  bismuth  in  fine  powder  is  introduced  into 
chlorine  gas,  it  takes  fire,  burns  with  a  pale  blue  light,  and  is  converted 
into  a  chloride,  formerly  termed  hitter  of  bismuth.  It  may  be  prepared 
conveniently  by  heating  two  parts  of  corrosive  sublimate  with  one  of  bis- 
muth, and  afterwards  expelling  the  excess  of  the  former,  together  with  the 
metallic  mercury,  by  heat 

Chloride  of  bismoth  is  of  a  grayish-white  colour,  opaque,  and  of  a  granular 
texture.  It  fiises  at  a  temperature  a  little  above  that  at  which  the  metal 
itself  is  liquefied,  and  bears  a  red  heat  in  close  vessels  without  subliming. 

Bromide  of  Bigmuik  is  prepared  by  heating  the  metal  with  a  large  excess 
of  bromine  in  a  long  tube;  when  a  gray-coloured  bromide  results,  similar  in 
its  aspect  to  fused  iodioe.  At  392^  it  enters  into  fusion,  and  at  a  low  red 
heat  sublimes.  With  water  it  is  converted  into  oxide  of  bismuth  and  hydro- 
bromic  add,  the  former  of  which  combines  with  some  undecompoeed  bromide 
of  bismuth  as  an  oxy-bromide.  (Serullas.) 

Sulpkuret  of  Bismuth, — ^This  sulphuret  is  found  native,  and  may  be  formed 
artifimally  by  fusing  bismuth  with  sulphur,  or  by  the  action  of  hydrosnl- 
phuric  add  on  the  udts  of  iHsmuth.  It  is  of  a  lead  gray  colour,  and  metallic 
lostre. 

TITANIUM. 

This  metal  was  first  recognifeed  as  a  new  substance  by  Mr.  Gregor  of 
Cornwall,  and  its  existence  was  aflcrwards  established  by  Klaproth,  who 
fancifuUy  ^ave  it  the  name  of  htonuim,  afier  the  Titans  of  andent  fable. 
(Contributions,  i.)  But  the  properties  of  the  metal  were  not  ascertained  in 
a  satisfactory  manner  until  the  year  1822,  when  Dr.  Wollaston  was  led  to 
examine  some  minute  crystab  which  were  found  in  a  slag  at  the  bottom  of 
a  smelting  furnace  at  the  great  iron  works  at  Merthyr  Tydvil  in  Wales, 
and  presented  to  him  by  the  Rev.  Dr.  Buckland.  (Philosophical  Transactions, 
1623.)  These  crystals,  which  have  since  been  found  at  other  iron  works, 
are  of  a  cubic  form,  and  in  colour  and  lustre  resemble  burnished  copper. 
Tbey  conduct  electridty,  and  are  attracted  slightly  by  the  mmict,  a  prop- 
arty  which  seems  owing  to  the  presence  of  a  mmute  quantity  of  iron.  Thdr 
sp.  gravity  is  5.3;  and  Uieir  hardness  is  so  great,  that  they  scratch  a  polished 
qf  rock  crystal    They  are  excedingly  infusible;  but  when   ex- 
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poMd  to  the  united  actum  of  heat  and  air,  their  mrfroe  beoomeo  covered 
with  a  porple-ooloared  film,  which  is  an  oxide.  They  resist  the  action  of 
nitric  and  nitro-hydrochloric  acids,  but  are  completely  oxidised  b?  beinf 
stronffly  heated  with  nitre.  They  are  then  converted  into  a  white  substance, 
wUch  possesses  all  the  properties  of  titanic  acid. 

Liiebig  prepares  metallic  titanium  by  puttinjf  fragmenU  of  recently  made 
chloride  of  titanium  and  ammonia  into  a  glass  tube  half  an  inch  wide  and 
two  or  three  feet  long,  transmitting  through  it  a  current  of  perfectly  dry 
ammonia,  and,  when  atmospheric  air  ia  entirely  displaced,  applying  heat 
until  the  glass  softens.  Ck>mplete  decomposition  ensues,  nitrogen  gas  is  dis- 
engaged, hydrochlorate  of  ammonia  sublimes,  and  metallic  titanium  is  left 
in  the  state  of  a  deep  bloe-coloured  powder.  If  exposed  to  the  air  while 
warm,  it  is  apt  to  take  fire. 

The  equivalent  of  titanium,  determined  by  Rose  from  his  analysis  of  the 
bichloride,  is  24.3.  The  composition  of  its  compounds  described  in  this 
section  is  as  follows : — 

1  cq.  Titanium.  Equiv.        Formule. 

Oxide  (probably)  24.3+ Oxygen        8         1  eq.ss33.3    Ti-f-GorTi. 

Titanic  acid     .  24.3 4. do  16  2  eq.B40.3    Ti^-SOorTi. 

Bichloride    .    .  24.3 -f.  Chlorine     70.84     2  eq.=95.14  Ti-f-^1  or  TiQs. 
Bisulphuret      .   24.3+Sulphur      32.2       2  eq.»56.5    Ti+SS  or  TiSa. 

Oxide  of  TYtonittiR. — ^This  oxide  is  of  a  purple  colour,  and  is  supposed  to 
exist  pure  in  the  mineral  called  anaUue ;  but  its  composition  and  chemical 
properties  are  unknown. 

TUanic  Acid, — This  compound,  called  also  peropnde  of  titanium,  exists 
in  a  nearly  pure  state  in  titanite  or  rutile.  Menaccanite,  in  which  titanium 
was  originally  discovered  by  Mr.  Gre^or,  is  a  titanite  oi  the  oxides  of  iron 
and  manganese.  It  is  best  prepared  nrom  rutile.  The  mineral,  after  being 
reduced  to  an  exceedingly  fine  powder,  is  fused  in  a  platinum  crucible  with 
three  times  its  weight  of  carbonate  of  potassa,  and  tho  mass  afterwards 
washed  with  water  to  remove  the  excess  of  alkalL  A  gray  mass  remains, 
which  consists  of  potassa  and  titanic  acid.  This  compound  is  dissolved  in 
concentrated  hydrochloric  acid ;  and  on  diluting  with  water,  and  boiling  the 
solution,  the  greater  part  of  the  titanic  acid  b  mrown  down.  It  is  then  oc^  ' 
looted  on  a  filter,  and  well  washed  with  water  acidulated  with  hydrochloric 
acid.  In  this  state  the  oxide  is  not  quite  pore;  but  contains  a  little  oxide  of 
manganese  and  iron,  derived  from  the  rutile.  The  best  mode  of  separating 
these  impurities  is  to  digest  the  precipitate,  while  still  moist,  with  hydrosuH 
phate  of  ammonia,  which  converts  the  oxides  of  iron  and  manganese  into 
solphurets,  but  does  not  act  on  the  titanic  acid.  The  two  sulphurets  are 
readily  dissolved  by  dilute  hydrochloric  acid;  and  the  titanic  acid,  after 
being  collected  on  a  filter  and  well  washed  as  before,  may  bo  dried  and  heat- 
ed to  redness.  This  method,  proposed  by  Professor  Rose  of  Berlin,  has  been 
thus  simplified  by  himself  Either  rutile  or  titaniferous  iron,  after  being 
pulverized  and  washed,  is  exposed  in  a  porcelain  tube  at  a  very  strong  rra 
heat  to  a  current  of  hydrosulphuric  acid  gas,  which  acts  upon  the  oxide  of 
iron,  giving  rise  to  water  and  sulphuret  of  iron.  As  soon  as  water  ceases  to 
appear,  the  process  is  discontinued,  the  mass  digested  in  hydrochloric  add 
to  remove  the  iron,  and  the  titanic  acid  separated  from  adhering  sulphur 
by  heat  A  little  iron  is  still  usually  retained ;  but  the  whole  may  be  re- 
moved by  a  repetition  of  the  same  process.  (An.  de  Ch.  et  de  Ph.  xxiii.  and 
xxxviii.  131.) 

Titanic  acid,  when  pure,  is  quite  white.  It  is  exceedingly  infusible  and 
difficult  of  reduction ;  and  after  being  once  ignited  it  ceases  to  be  soluble  in 
acids,  except  in  the  hydrofluoric.  In  its  chemical  relations  it  is  analogous  to 
silicic  acid,  being  a  &eble  acid,  insoluble  in  water,  without  action  on  test 
P&per,  but  combining  with  metallic  ocides.    In  the  state  of  hydrate,  a*  wh«a 
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precipitated  fitmi  hydrochloric  acid  by  boiling,  or  when  combined  with  an 
alkak  after  fbsion,  it  has  a  singolar  tendency  to  pass  tfarourh  the  pores  of  a 
filter  when  washed  with  pure  water;  bat  the  presence  of  a  Tittle  acid,  alkali, 
or  a  salt,  prevents  this  inconvenience. 

If  previoosly  iffnited  with  carbonate  of  potassa,  titanic  acid  is  soluble  in 
dilate  hydrochlonc  acid ;  bat  it  is  retained  in  solution  by  so  fteUe  an  at- 
traction, that  it  is  precipitated  merely  by  boiltngf.  It  is  likewise  thrown  down 
by  the  pare  and  carbonated  alkalies,  both  fixed  and  volatile.  A  solution  of 
gall-nuts  causes  an  orange-red  colour,  which  is  very  characteristic  of  titanic 
acid,  an  effect  which  appears  owinff  to  tannin,  and  not  to  gallic  acid.  When 
a  rod  of  anc  is*  suspended  in  the  solntion,  a  purple-coloured  powder,  probably 
the  protoxide,  is  precipitated,  which  is  gradually  converted  into  titanic  acid. 

BielUoride  sf  TUanium, — ^This  substance  was  discovered  in  the  year  18S24 
by  Mr.  George  of  Leeds,  by  transmitting  dry  chlorine  gas  over  metallic  tita- 
mnm  at  a  red  heat  Rose  prepared  it  ror  his  analysis  by  heatinpr  a  mixturo 
of  titanic  acid  and  charcoal  in  a  tube,  through  which  dry  chlorme  gas  was 
passing :  the  rosultinff  bichloride  was  purified  from  adhering  free  chlorine 
by  agitation  either  wiUi  mercury  or  potassium,  and  repeated  distillation.  At 
common  temperatures  it  is  a  transparent  colourless  fluid  of  considerable 
specific  gravity,  boils  violently  at  a  temperatui^  a  little  above  212^,  and  con- 
denses again  without  change.  Dumas  has  shown  tliat  the  density  of  its 
vapour  may  be  estimated  at  6.615.  In  open  vessels  it  is  attacked  by  the 
moisturo  of  the  atmosphere,  and  emits  dense  white  fiimes  of  a  pungent 
odour  similar  to  that  of  chlorine,  but  not  so  offensive.  On  adding  a  few 
drops  of  water  to  a  few  drops  of  the  liquid,  combination  ensues  with  almost 
explosive  violence,  fi^om  the  evolution  of  intense  heat;  and  if  the  water  is  not 
in  ezoess  a  solid  hydrate  is  obtained.  On  exposure  to  the  air  it  deliquesces, 
and  on  adding  water  the  greater  part  is  dissolved.  The  bichloride,  when  ox- 
poeed  to  an  atmosphere  of  dry  ammonia,  absorbs  a  large  quantity  of  the 
gas,  and  beeomes  solid.  It  was  firom  this  compound  Liebig  prepared  metallic 
titanium. 

Bitulpkwret  tf  TUamum.-^Thia  compound  was  discovered  by  Rose,  who 
prepared  it  by  transmitting  the  vapour  of  bisulphuret  of  carbon  over  titanic 
acid,  heated  to  whiteness  in  a  tube  of  porcelain.  It  occurs  in  thick  green 
masses,  which  by  the  least  firiction  acquire  a  dark  yellow  colour  and  metal- 
lic lustra.  When  heated  jn  the  open  air,  it  is  converted  into  sulphurous  and 
titanic  acids.  By  acids  it  is  slowly  decomposed,  and  is  dissolved  by  hydro- 
chloric acid  with  disengagement  of  hydrosulphuric  acid  gas. 

TELLURIUM. 

Tellurium  is  a  rare  metal,  hitherto  found  only  in  the  gold  mines  of  Tran- 
sylvania, and  even  there  in  very  small  quantity.  Its  existence  was  inferred 
by  Mailer  in  the  year  1782,  and  fully  established  in  1798  by  Kiaprotb,  who 
ffave  it  the  name  of  teUttruim,  from  tellus^  the  earthy  suggested  by  the  source 
from  which  he  drew  the  name  of  uranium.  (Contributions,  iii.)  It  occurs 
in  the  metallic  state,  chiefly  in  combination  with  gold  and  silver. 

Tellurium  has  a  tin-white  colour  running  into  lead-gray,  a  strong  metallic 
lustre,  and  lamellated  texture.  It  is  very  brittle,  and  its  density  is  6.115. 
It  fuses  at  a  temperature  below  redness,  and  at  a  red  heat  is  volatile.  When 
heated  before  the  blowpipe  it  takes  fire,  burift  rapidly  with  a  blue  flame 
bordered  with  green,  and  is  dissipated  in  gray-coloured  pungent  inodorous 
fiimes.  The  odour  of  decayed  horse-radish  is  sometimes  emitted  during  the 
combustion,  and  was  thought  by  Klaproth  to  be  peculiar  to  tellurium ;  but 
Berzelius  ascribes  it  solely  to  the  presence  of  selenium. 

From  some  late  experiments  of  Berzelius  the  equivalent  of  tellurium  is 
642,  being  nearly  double  the  number  stated  in  the  table  at  page  141.  Its 
compomids  described  in  this  section  are  thus  constituted : — 
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Oiie«q. 
Telluaum.  Eqoi?.       Formufaff^ 

TeUuroui  acid        612+Orfg.  l€       Seq.a  80^    Te+30orTe 

Tellarieacid  64^+da        34        3  eq^  88^    Te+30arfe. 

Chloride  64.2+Chlor.  35.43     1  eq.»  99.63  Te+CL  or  TeCl. 

Bichloride  64i2 + da        70.84     3  eq.»135i04  Te  -f  3C1  or  Teat. 

Bisidphiiret  64i2+Salph.  33.3      3  eq.s  96.4    Te+3SorTeSs. 

Persidphuret  Compoeitioii  uncertain. 

Hjdrotellaric  acid  64i2+Hydr.    1  1  eq.s  65.3     Te-fH  or  TeH. 

TeUurmu  Add, — ^Thit  compound,  also  called  oxide  <^ 
rated  by  the  action  of  nitric  acid  on  teUnrinm,  by  whidi  acid  H  is  < 
but  the  iolntion  posseaseB  such  little  permanence  that  mere  affurion  of  water 
precipitates  part  of  it  and  the  rest  is  obtained  by  oraporatinp  to  dryness.  In 
this  state,  it  u  a  white  granular  anhydrous  powder,  which  slowly  reddens 
mout  litmus  paper,  and  is  insoluble  in  water  and  acids.  By  pure  potana  or 
soda  in  solution  it  is  dissolved,  and  is  rendered  soluble  by  tusion  with  the 
alkaline  carbonates,  forming  with  those  alkalies  crystalUzaUe  saJfs.  Adds, 
added  in  slight  excess  to  the  alkaline  solutions,  throw  down  tellorous  acid  as 
a  white  flaky  hydrate,  which  if  washed  in  ice-cold  water,  and  dried  at  a 
.  temperature  not  ezceedin?  53^,  may  bo  preserved  unchanged.  In  this  state 
it  is  freely  soluble  in  aci(&,  in  ammonia,  in  the  alkaline  carbonates,  firom 
which  it  expels  carbonic  acid,  and  even  to  considerable  extent  in  pure  water. 
Its  aqueous  solution  reddens  litmus  paper :  it  becomes  turbid  At  68^,  and  the 
acid  which  /alls  is  no  longer  soluble  in  acids.  In  these  properties,  tellurous  . 
acid  closely  resembles  the  titanic  and  several  other  feeble  acids,  which  have 
a  soluble  hydrated  state  easily  convertible  into  an  insoluble  anhydrous  one. 
Its  salts  are  precipitated  black  by  hydrosulphuric  acid,  bisulphuret  of  tellu- 
rium being  formed.  It  is  deoxidized,  when  metallic  tellurium  falls  as  a  Uack 
powder,  when  a  piece  of  zinc,  tin,  iron,  or  antimony  is  lefl  in  its  solution. 

TtUuric  Acid, — The  process  which  Berzelius  recommends  for  preparing 
this  compound  is  either  to  deflagrate  tellurous  acid  with  nitre,  or  to  mix  para 
potassa  freely  with  a  solution  of  tellurite  of  potassa,  and  to  saturate  fully  with 
chlorine.  Nitric  acid  in  slight  excess  and  a  little  chloride  of  barium  are 
added,  in  order  to  precipitate  any  traces  of  sulphuric  and  selenic  acids :  and 
after  separating  the  precipitate  by  filtration,  the  liquid  is  exactly  neotralized 
with  ammonia,  and  chloride  of  barium  added  as  long  as  it  causes  a  precipi. 
tate.  The  tellurate  of  baryta  is  washed,  dried  by  a  gentle  heat,  and  then 
digested  with  a  fourth  of  its  weight  of  strong  sulphuric  acid  previously  diluted 
with  water :  the  filtered  solution  is  then  concentrated  by  a  water  bath,  and, 
on  cooling  or  subseauent  spontaneous  evaporation,  yields  hydrated  telluric 
acid  in  Uie  form  or  flat  six-sided  prisms.  Adhering  sulphuric  acid  is  re- 
moved by  alcohol. 

This  hydrate  consists  of  one  eq.  of  acid  and  three  eq.  of  water.  When  heated 
at  312^  it  loses  two  of  its  equivalents  of  water ;  and  on  heatinsf  still  further 
all  its  water  is  expelled,  and  the  anhydrous  acid  of  a  lemon-yeUow  colour  re- 
mains.  In  this  state  it  is  insoluble  in  all  fluids,  whereas  the  hydrated  acid 
is  soluble  in  water ;  and  the  salts  of  the  former  diflTer  from  those  which  the 
latter  forms  with  the  same  bases.  Hence  heat  modifies  the  character  of  tel- 
luric  Bcid  much  in  tlie  same  way  as  that  of  phosphoric  acid.  At  a  heat  be- 
yond that  required  to  render  it  anhydrous,  telluric  acid  loses  oxygen  and  is 
reduced  to  tellurous  acid.    (Pog.  Annalen,  xxviii.  393.) 

Chloride, — Rose  obtained  it  by  passing  a  feeble  current  of  chlorine  gas 
over  tellurium  at  a  strong  heat,  when  the  chloride  passes  over  as  a  violet 
vapour,  which  at  first  condenses  into  a  black  liquid,  and  when  quite  cold 
becomes  a  solid  of  tlie  same  colour.  By  the  action  of  water  it  deposites  me- 
tallic tellurium,  and  the  bichloride  is  dissolved. 

Bichloride. — ^Rose  obtained  this  in  the  same  manner  as  the  preceding 
chloride,  except  using  a  lower  heat  and  a  more  liberal  supply  of  chlorine. 
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The  bicliloride  is  also  volatile,  and,  afler  bein^f  purified  from  free  chloriAe  by 
agitation  with  mercury,  and  a  second  distillation,  it  condenses  into  a  white 
crystalline  solid.  By  a  gentle  heat  it  yields  a  brown  liquid,  but  recovers  its 
whiteness  on  cooling.    (Pog.  Annalen,  xzi.  443.) 

BUnlphnret. — ^This  compound  falls  of  a  dark  brown,  nearly  black  colour, 
when  hydrosulphuric  acid  gas  is  transmitted  through  a  solution  of  bichloride 
of  tellurium,  tollurous  acid,  or  any  soluble  tellurite.  This  solpburet  is  what 
Berzelitts  calls  a  sulphur-acid,  forming  a  soluble  sulphur.salt  by  uniting  with 
sulphuret  of  potassium.  Hence  a  solution  of  caustic  potassa  dissolves  bisnl- 
phuret  of  tellurium,  ^producing  the  same  kind  of  change  as  on  sulphuret  of 
antimony.    (Page  379.) 

Persmphuret. — ^This  compound  falls  of  a  deep  yellow  colour,  when  a  salt 
of  telluric  acid  is  mixed  in  solution  with  persulphuret  of  potassium.  Its  ex- 
istence is  but  transient,  as  it  is  quickly  transformed  into  bisulphuret  and  be- 
comes black. 

Hydrotelluric  Acid.^ThiB  gas,  discovered  by  Davy  in  1809,  is  formed  hj 
acting  with  hydrochloric  acid  on  an  alloy  of  tellurium  with  zinc  or  tin.  It 
has  the  properties  of  a  feeble  acid,  very  analogous  in  odour,  and  apparently 
in  composition,  to  hydrosulphuric  acid ;  it  is  absorbed  by  water,  forming  a 
claret-coloured  solution ;  and  it  precipitates  many  metallic  salts,  yielding  an 
alloy  of  tellurium  with  the  other  metal.  It  is  deprived  of  its  hydrogen  by 
chlorine,  nitric  acid,  or  oxygen  of  the  atmosphere,  tellurium  being  separated. 


SECTION  XXII. 

COPPER. 

Corna  is  one  of  the  most  abundant  of  the  metals,  and  was  well  known  to  the 
ancients.  Native  copper  is  by  no  means  uncommon,  being  found  more  or 
less  in  most  copper  ipines :  it  occurs  in  large  amorphous  masses  in  some 
ports  of  America,  and  is  sometimes  met  wiUi  in  octohedral  crystals  or  in 
some  of  the  forma  allied  to  the  octohedron.  Stromeyer  has  lately  discovered 
it  in  several  specimens  of  meteoric  iron,  but  in  a  quantity  not  exceeding 
2.1000ths  of  the  mass.  The  copper  of  commerce  is  extracted  chiefly  from 
the  native  sulphuret;  especially  from  copper  pyrites,  a  double  sulphuret  of 
iron  and  copper.  The  first  part  of  the  process  consists  in  roasting  the  ore, 
so  as  to  bomoff  some  of  the  sulphur,  and  leave  the  remainder  as  a  subsulphate  of 
the  oxides  of  iron  and  copper.  The  mass  is  next  heated  with  some  unroasted 
ore  and  siliceous  substances,  by  which  means  much  of  the  iron  unites  in  the 
state  of  black  oxide  with  silicic  acid,  and  rises  as  a  fbsible  slag  to  the  sur- 
face; while  most  of  the  copper  returns  to  the  state  of  sulphuret  It  is  then 
subjected  to  long-continued  roasting,  when  the  greater  part  of  the  sulpjiur 
escapes  as  sulphurous  acid  and  the  metal  is  oxidized ;  after  which  it  is  re- 
duced by  charcoal,  and  more  of  the  iron  separated  as  a  silicate  by  the  addi- 
tion  of  sand.  Lastly,  tlte  metal  is  strongly  heated  while  a  current  of  air 
pUys  upon  its  sur&oe:  the  impurities,  chiefly  sulphur  and  iron,  being 
more  oxidable  than  copper,  combine  with  oxygen  by  preference,  and  the 
copper  is  at  length  left  in  a  state  of  purity  sufficient  for  the  purposes  of  com- 
merce. 

Copper  is  distinguished  from  all  other  metals,  titanium  excepted,  by  having 
a  red  colour.  It  receives  a  considerable  lustre  by  polishing.  Its  density, 
when  fuscM],  b  8.895,  and  it  is  increased  by  hammering.  It  is  both  ductile, 
and  malleable,  and  in  tenacity  is  inferior  only  to  iron.  It  is  hard  and 
elastic,  and  consequently  sonorous.  Its  point  of  fusion  is  1996^  F.  accord- 
ing  to  Mr.  Daniell,  bemg  less  fusible  than  silver  and  more  so  than  gold. 

Copper  undergoes  little  change  in  a  perfectly  dry  atmosphere;  but  is 
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rutted  in  a  short  time  hy  ezposore  to  air  and  moistvre,  beinff  oonveited  iiil# 
a  green  subatance,  carbonate  of  the  blaek  oxide  of  copper.  At  a  red  beat  it 
absorbe  oxygen,  and  is  converted  into  black  scales  of  oxide.  It  is  attacked 
with  difficulty  by  hydrochloric  and  sulphuric  acida,  and  not  at  all  bv  solo- 
tions  of  the  vegetable  acids,  if  atmospheric  air  be  excluded ;  but  if  air  have 
free  access,  the  metal  absorbs  oxygen  with  rapidity,  the  attraction  of  the 
acid  for  the  oxide  of  copper  co-oper^tSng  with  that  of  the  copper  for  oxysen. 
Nitric  acid  acts  with  violence  on  copper,  forming  a  nitrate  of  the  buck 
oxide. 

The  most  trustworthy  experiments  for  deterroininff  the  equivalent  of 
copper  are  those  of  Berzcliua  on  the  reduction  of  the  bUck  oxide  by  meana 
of  hydroeen  gas  at  a  red  heat  According  to  the  best  of  his  analyses, 
8  parts  of  oxygen  unite  with  31.6  parts  of  copper  to  constitute  the  blaek 
oxide ;  and,  therefore,  if  this  oxide  be  formed  of  an  atom  of  oxygen  united 
with  an  atom  of  copper,  the  equivalent  of  this  metal  will  be  31.6.  This 
opinion,  which  I  have  adopted,  is  maintained  by  Thomson,  Berzeliua,  and 
many  Continental  chemists.  Others  consider  it  as  a  binoxide,  regarding 
red  oxide  of  copper  as  the  real  protoxide ;  and  these  take  twice  3L6  or  633 
•8  the  equivalent  of  copper.  The  principal  arguments  in  fiivour  of  the  former 
view  are  these : — 1,  the  red  oxide  has  very  much  the  character  of  a  ra^eztde, 
a  term  fre^uentljr  used  to  designate  an  oxide  which  has  little  or  no  tendency 
to  unite  with  acids,  and  which  contains  less  than  one  atom  of  oxygen  to  one 
atom  of  metal ;  2,  the  product  of  the  equivalent  and  specific  heat  of  most 
metals  is  a  constant  quantity,  and  copper  coincides  with  the  law,  provided 
the  black  oxide  contain  an  atom  of  each  element  (page  35) ;  3,  the  salts  of 
the  black  oxide  are  isomorphous  with  the  salts  of  protoxide  of  iron,  which 
gives  a  strong  presumption  that  these  oxides  possess  the  same  atomic  con- 
stitution. 

The  composition  of  the  compounds  described  in  this  section  is  as  follows: — 
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Red  or  dioxide       63i{ 
filack  or  protoxide  31.6 


31.6 
63.3 
31.6 
63i2 
63.2 
31.6 
948 


3  eq.-]- Oxygen 
1  eq.4-do. 

1  eq.->|-do. 

2  eq.^Chlorine 

1  eq^-do. 

2  eq^.  Iodine 

2  eq^Sulphur 
1  eq..{.do. 
3eq.^Pho8ph. 

3  eq^.do. 


8  leq.: 
8  leq.: 
16  2eq.: 
35.42  1  eq.: 
35.42  1  eq.: 
126.3  leq.= 
16.1  leq.z 
16.1  1  eq.= 
15.7  leq.r 
31.4    2eq. 


^63.2   2 


1  eq.^Cyanogen  26.39  1  eq.t 


Equiv.    Formula. 

s  71.2    2Cu4.0. 

SB  39.6    Cu  +  0. 

=  47^    Cu+20. 

»  9^62  2CU+C1. 

s  67.02  Cu+CL 

B  189.5    2Co+L 

s  79.3    2Cu+S. 

s  47.7    Cu+S. 

c  110.5    3Cu-»-P. 

=1263    3Cu+2P 

b57.99    Cu+Cy. 

=121.79  2Cu-|.Cy8j 


Superoxide 

Dichloride 

Chloride 

Diniodide 

Disulphoret 

Sulphuret 

Triphosphuret 

Subsesquiphosph.  94.8 

Cyanuret  .    31.6 

Disulphocy. 
anuret 

Red  Oxidc-^This  compound  occurs  native  in  the  form  of  octohedral 
crystals,  and  is  found  of  peculiar  beauty  in  the  mines  of  Cornwall  It  may 
be  prepared  artificially  by  heating,  in  a  covered  crucible,  a  mixture  of  31.6 
parts  of  copper  filings  with  39.6  of  the  black  oxide;  or  still  better  by  ar- 
ranging  Uim  copper  plates  one  above  the  otlier,  with  interposed  strata  of  the 
black  oxide,  and  exposing  them  to  a  red  heat  carefully  protected  from  the 
air.  Another  method  is  by  boiling  a  solution  of  aoeUte  of  protoxide  of 
copper  with  sugar,  when  the  suboxide  subsides  as  a  red  powder ;  and  another 
18  to  fuse  at  a  low  red  heat  the  dichloride  of  copper  with  about  an  equal 
weight  of  carbonate  or  bicarbonate  of  soda,  subsequently  disselvin?  the  sea- 
salt  by  water,  and  drying  tlie  red  powder. 

In  this  case,  by  an  interchange  of  elements, 

1  ©q.  dichloride  of  copper  2Cu  ^CKg     1  eq.  red  oxide  .     .     .    2Cu  J.  O 

andleq.eoda     ....    Na-f  O -2  and  leq.  chloride  of  sodium  Na+C 

The  red  oxide  of  copper  has  a  density  of  6.093,  and  in  colour  is  very 
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■imilar  to  copper.  It  may  be  preeerved  in  a  dry  atoMsphere;  but  at  a 
red  heat  it  absorbe  oxygen,  and  10  converted  into  the  protoxide.  Dilute 
acids  act  on  it  rerj  slowly ;  and  the  resullinff  solution,  as  is  indicated  by  its 
tint,  does  not  arise  from  the  union  of  the  red  oxide  itself  with  the  acid,  but 
from  its  being  resolved,  like  other  suboxides,  into  metal  and  a  protoxide. 
With  stronff  nitric  acid  it  is  oxidized,  binoxide  of  nitrogen  escapes,  and  a 
nitrate  of  the  black  oxide  is  formed.  Strong  hydrochloric  acid  forms  with 
it  a  colourless  solution,  from  which  alkalies  throw  it  down  as  a  hydrate  of 
an  orange  tint  In  this  state  it  readily  absorbs  oxygen  from  the  air.  The 
red  oxide  'of  copper  is  soluble  in  ammonia,  and  the  solution  is  quite  colour- 
less ;  but  it  becomes  blue  with  surprising  rapidity  by  free  exposure  to  air, 
owing  to  the  formation  of  the  black  oxide. 

Blade  Oxide, — ^This  compound,  the  copper  Hack  of  mineralogists,  is 
sometimes  found  native,  being  formed  by  the  spontaneous  oxidation  of  other 
ores  of  copper.  It  may  be  prepared  artificially  by  calcining  metallic  cop- 
per,  by  precipitation  from  the  salts  of  copper  by  means  of  pure  potassa,  and 
by  heating  nitrate  of  copper  to  redness.  It  varies  in  colour  from  a  dark 
brown  to  a  bluish-black,  according  to  the  mode  of  formation,  and  its  density 
is  6.401.  It  undergoes  no  change  by  heat  alone,  but  is  readilv  reduced  to 
the  metallic  state  by  heat  and  combustible  matter.  It  is  insoluble  in  water, 
and  docs  not  affect  the  vegetable  blue  colours.  It  combines  with  nearly  all 
the  acids,  and  most  of  its  salts  have  a  green  or  blue  tint  It  is  soluble  like- 
wise in  ammonia,  forming  with  it  a  deep  blue  solution,  a  property  by  which 
protoxide  of  copper  is  distinguished  from  all  otlier  substances. 

The  salts  of  protoxide  of  copper  are  distinguished  from  most  substances 
by  their  colour,  and  are  easily  recognized  by  reagents.  When  pure  soda  or 
potassa  is  mixed  with  a  solution  of  sulphate  of  the  protoxide,  a  greenish-blue 
disulphate  at  first  subsides ;  but  as  soon  as  the  alkali  is  added  in  excess,  a 
blue  bulky  hydrate  of  the  oxide  is  formed,  which  is  decomposed  by  boiling, 
and  consequently  becomes  black.  Pure  ammonia  also  throws  down  the 
disulphate  when  carefully  added ;  but  an  excess  of  the  alkali  instantly  re- 
dissolves  the  precipitate,  and  forms  a  deep  blue  solution.  Alkaline  carbo- 
nates cause  a  bluish-green  precipitate,  carbonate  of  the  protoxide,  which  is 
redissolved  by  an  excess  of  carbonate  of  ammonia.  It  is  precipitated  as  a 
dark  brown  sulpburet  by  hydrosulphurio  acid,  and  as  a  reddish-brown  ferro- 
cyanuret  by  ferrocyanuret  of  potassium.  It  is  thrown  down  of  a  yellowish- 
white  colour  by  albumen,  and  M.  Orfila  has  proved  that  this  compound  is 
inert,  so  that  albumen  is  an  antidote  to  poisoning  by  copper. 

Copper  is  separated  in  the  metallic  state  by  a  rod  of  iron  or  zinc.  The 
copper  thus  obtained,  after  being  digested  in  a  dilute  solution  of  hydrochloric 
acid,  is  almost  chemically  pure. 

The  best  mode  of  detecting  copper,  when  supposed  to  be  present  in  mixed 
fluids,  is  by  hydrosulphurio  acid.  Tlie  sulphuret,  afler  being  collected,  and 
heated  to  redness  in  order  to  char  organic  matter,  should  be  placed  on  a 
piece  of  porcelain,  and  be  digested  in  a  few  drops  of  nitric  acid.  Sulphate 
of  protoxide  of  copper  is  formed,  which,  when  evaporated  to  dryness,  strikes 
the  characteristic  deep  blue  tint  on  the  addition  of  ammonia. 
'  Superoxide, — ^This  oxide  was  prepared  by  Thenard  by  the  action  of  per- 
oxide of  hydrogen  diluted  with  water  on  the  hydrated  black  oxide.  It 
suffers  spontaneous  decomposition  under  water;  but  it  may  be  dried  in 
vacuo  by  means  of  sulphuric  acid. 

J}idUoride. — ^When  eopper  filings  are  introduced  into  an  atmosphere  of 
chlorine  gas,  the  metal  takes  fire  spontaneously,  and  both  the  chlorides  are 
generated.  The  diehioride  may  be  conveniently  prepared  by  heating  copper 
filing  with  twice  their,  weight  of  corrosive  subUmaie.  In  this  way  it  was 
originally  made  by  Boyle,  who  termed  it  rerin  of  copper^  from  its  resem- 
blance to  common  resin.  Proust,  who  called  it  white  murimte  of  copper^ 
procured  it  by  the  action  of  protochloride  of  tin  on  chloride  of  copper;  and 
also  by  decomposing  the  chloride  by  heat,  air  being  excluded.    It  is  slowly 
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deposited  in  crystofltne  muui,when  the  green  eolation  of  ehloridet>f  cupper 
if  kept  in  a  corked  bottle  in  contact  with  metallic  copper. 

The  dichloride  of  oopper  ie  fusible  at  a  beat  just  below  redness,  and  beam 
a  rod  heat  in  close  vessels  without  subliming.  It  is  insoluble  in  water, 
but  dissolves  in  hydrochloric  acid,  and  is  precipitated  unchanged  by  water 
as  a  white  powder.  Its  colour  varies  with  the  mode  of  preparation,  hdng 
white,  yellow,  or  dark  brown.  It  is  apt  to  absorb  oxygen  from  the  atmo- 
sphere, forming  a  groen-colonred  compound  of  oxide  and  chloride  of  eop. 
per ;  a  change  to  which  the  dichloride  prepared  in  the  moist  way  is  peca- 
liarly  prone. 

Chhride, — The  chloride  of  copper  is  obtained  in  solution  of  a  green 
colour  by  dissolving  protoxide  of  oopper  in  hydrochloric  acid,  and  crystal- 
lizes  by  due  concentration  in  green  needles,  which  are  ddiquescent  and  very 
soluble  in  alcohol.  When  heated,  the^  fuse,  lose  water,  and  the  anhydrous 
chloride  in  form  of  a  yellow  powder  is  leil ;  but  the  heat  must  not  exceed 
400^,  as  beyond  that  degree  the  chloride  loses  half  its  chlorine,  and  is  ooo- 
Tertcd  into  the  dichloride. 

Diniodide  tf  Copper. — ^This  substance  is  obtained  by  addinr  iodide  of 
potassium  to  a  solution  made  of  tlie  sulphates  of  the  protoxides  of  copper  and 
iron,  both  in  crystala,  in  the  ratio  of  1  to  3|,  when  the  protoxide  of  iron 
takes  the  oxygen  of  the  oxide  of  copper,  and  tiie  iodine  the  metallic  oopper, 
forming  a  white  precipitate,  the  diniodid&  It  may  be  dried,  and  will  bear 
a  high  temperatare  in  close  vessels  without  change ;  but  if  heated  with  the 
oxides  of  iron,  manganese,  or  copper,  iodine  is  expelled,  and  the  oopper 
oxidized.  (Psge  226.) 

Iodide  of  Copper  is  scarcely  known.  For  on  mixing  a  salt  of  oxide  of 
copper  with  iodide  of  potassium,  iodine  is  set  free  and  the  diniodide  of  cop- 
per falls.    A  small  quantity  of  iodide  of  copper  remains  in  solution. 

Sulphurets  of  Copper. — ^The  dittdphuret  is  a  natural  production,  well 
known  to  mineralogists  under  the  name  of  copper  glance;  and  in  combina- 
tion with  protosulphuret  of  iron,  it  is  a  constituent  of  variegated  oopper  ore. 
It  is  formed  artiBcially  by  heating  copper  filings  with  a  third  of  their  weight 
of  sulphur,  the  combination  being  attended  with  such  free  disengagement  of 
heat,  that  the  mass  becomes  vividly  luminous. 

Sulpkuret  of  Copper  is  a  constituent  of  copper  pyrites,  in  which  it  is 
combmed  with  protosulphuret  of  iron.  It  may  be  formed  artificially  by  the 
action  of  hydros ulphuric  acid  on  a  salt  of  copper.  When  ignited  witbont 
exposure  to  the  air,  it  loses  half  of  its  sulphur,  and  is  converted  into  the 
disuiphuret. 

Phosphurets  of  Copper. — ^Rose  states  that  the  iriphoopkttret  is  generated 
b/  the  action  of  phosphuretted  hydrogen  gas  on  dichloride  of  copper;  the 
mutual  interchange  of  elements  being  such  that 

.3  eq.dichloride  of  copper  3(2Cu-|-Cl)  3  2  eq.  triphoephuret  2(Cu+P) 

and  1  eq.  phosphuietled  hyd.  311+2F  -^  and  3  eq.  hydrochL  acid    3(H+CL) 

The  subeeequiphoaphuret  is  formed  by  a  similar  interchange  between 
cliloride  of  copper  and  phosphuretted  hydrogen,  so  that 

3  eq.  chloride  of  copper    3(C+uCl)  3   1  eq.  subsesquiphosphuret  8Cu+2P 
and  1  eq.  phoep.  hyd.  3H-|-2P  -^  and  3  eq.  hydrochloric  acid  3(H+a). 

Rose  obtained  the  protophotpkuret  by  the  action  of  hydrogen  gas  on 
phosphate  of  protoxide  of  copper  at  a  red  heat.  All  these  phosphureU 
resemble  each  other,  bein^  pulverulent,  of  a  gray  odour,  insoluble  in  hydro- 
chloric acid,  are  oxidized  and  dissolved  by  nitric  aoid,  and  bum  with  a 
phosphorus  flame  before  the  blowpipe.  A  phosphuret  cif  copper  b  also  ob- 
tained  by  transmitting  phosphuretted  hydrogen  gas  through  a  solution  of 
sulphate  of  oxide  of  copper ;  but  the  dark  precipiute  which  falls  seems  to 
be  a  variable  mixture  of  different  phosphurets,  phosphoric  acid  being*  gene- 
rated at  the  same  time.  (An.  de  Ch.  et  de  Ph.  li.  47.) 
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CymmrH  ef  OMp«r.F— This  oompouiMl  U  fermed  by  the  action  of  Jiydro- 

Sinie  acid  on  hyclrated  protoxide  of  copper,  or  by  mixing  the  sulphate  of 
t  ooude  in  solution  with  oyanuret  of  potaasiam.    It  fiiUs  as  a  yelibw  pie- 
cifntate,  insoluble  in  water,  but  soluble  in  hydrochloric  or  sulphuric  acid. 

Dimdphocifsnuret  o^  Copper^'^li  appears  as  a  white  precipitate,  insoluble 
in  most  acids,  when  sulphocyanuret  of  potassium  is  added  to  a  mixed  solution 
of  the  sulphates  of  the  protoxides  of  copper  and  iron« 


SECTION  XXIII. 

LEAD. 

This  metal  was  well  known  to  the  ancients.  As  a  native  production  it  is 
▼ery  rare ;  but  in  combination  with  sulphur  it  occurs  in  great  quantity.  All 
the  lead,  of  commerce  is  extracted  from  the  native  sulphuret,  the  galena  of 
mineralogistB.  This  ore,  in  the  state  of  coarse  powder,  is  heated  in  a  rever- 
beratory  furnace ;  when  part  of  it  is  oxidized,  yielding  sulphate  of  protoxide 
of  lead,  sulphuric  acid  which  is  evolved,  and  free  oxide  of  lead.  These 
oxidized  portions  then  react  on  sulphuret  of  lead :  by  the  reaction  of  two 
equivalents  of  oxide  of  lead  and  one  of  the  sulphuret,  three  equivalents  of 
metallic  lead  and  one  of  sulphurous  acid  result ;  while  one  equivalent  of  the 
sulphuret  and  one  of  sulphate  mutually  decompose  each  other,  fi^iving  rise  to 
two  equivalents  of  sulphurous  acid  and  two  of  metallic  lead.  Tike  slag 
which  collects  on  the  surface  of  the  fused  lead  contains  a  large  quantity  of 
sulphate  of  protoxide  of  lead,  and  is  decomposed  by  the  addition  of  quicklime, 
the  oxide  so  separated  reacting  as  before  on  sulphuret  of  lead.  The  lead  of 
commerce  commonly  contains  silver,  iron,  and  copper. 

Lead  has  a  bluish-gray  colour,  and  when  recently  cut,  a  strong  metallic 
lustre ;  but  it  soon  tarnishes  by  exposure  to  the  air,  acquiring  a  superficial 
coating  of  carbonate  of  protoxide  of  lead.  (Christison.)  Its  density  is  1 1.352. 
It  is  soft,  flexible,  and  inelastic.  It  is  both  malleable  and  ductile,  possessing 
the  former  property  in  particular  to  a  considerable  extent.  In  tenacity,  it  is 
inferior  to  all  ductile  metals.  It  fuses  at  about  612^  F.,  and  when  slowly 
cooled  forms  octohedral  crystals.  It  may  be  heated  to  whiteness  in  close 
vessels  without  subliming. 

Lead  absorbs  oxysren  quickly  at  high  temperatures.  When  fused  in  open 
vessels,  a  gray  film  is  formed  upon  its  surface,  which  is  a  mixture  of  metal- 
lic lead  and  protoxide ;  and  when  strongly  heated  it  is  dissipated  in  fumes 
of  the  protoxide.  In  distilled  water,  previously  boiled  and  preserved  in  close 
vessels,  it  undergoes  no  change ;  but  in  open  vessels  it  is  oxidized  with  con- 
siderable rapidity,  yielding  minute,  shining,  brilliantly  white,  crystalline 
scales  of  carbonate  of  the  protoxide,  the  oxygen  and  the  carbonic  acid  being 
derived  from  the  air.  The  presence  of  saline  matter  in  water  retards  the 
oxidation  of  the  lead;  and  some  salts,  evon  in  very  minute  quantity,  prevent 
it  altogether.  The  protecting  influence,  exerted  by  certain  substances,  was 
first  noticed  by  Guyton-Morveau;  but  it  has  been  minutely  investigated  by 
Dr.  Christison  of  Edinburgh,  who  has  discussed  the  subject  in  his  excellent 
Treatise  on  Poisons.  He  finds  that  the  preservative  power  of  neutral  salts  is 
materially  connected  witli  the  insolubility  of  the  compound  which  their  acid 
is  capable  of  forming  with  lead.  Thu^,  phosphates  and  sulphates,  as  well 
as  chlorides  and  iodides,  are  highly  preservative ;  so  small  a  quantity  as 
l-3(),000th  part  of  phosphate  of  soda  or  iodide  of  potassium  in  distilled  water 
preventing  the  corrosion  of  lead.  In  a  preservative  solution  the  metal  gains 
weight  during  some  weeks,  in  coneequenee  of  its  surfiice  gradually  acqui- 
ring a  superficial  coating  of  cariMnate,  which  is  slowly  decomposed  by  the 
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saline  matter  of  the  aolation.  The  metaUie  auHaee  being  thna  covered  with 
an  inaoluble  fflm,  which  adherea  tcnaciouely,  all  further  change  ceaaee. 
Many  kinda  of  apring  water,  owinjr  to  the  aalta  which  they  contain,  do  not 
corrode  lead ;  and  hence,  though  intended  for  drinking,  it  may  be  aaleqr 
collected  in  leaden  ciaterna.  Of  this,  the  water  of  Edinburgh  is  a  remark- 
able  instance.  ,  .  ^,        . ,     .l      ■_ 

Lead  is  not  attacked  by  the  hydrochlonc  or  the  veffetable  acids,  tlxmgh 
their  presence,  at  least  in  some  mstances,  accelerates  the  absorption  of  oxy- 
gen from  the  atmosphere  in  the  same  manner  as  with  copper.  Cold  solphu- 
ric  acid  does  not  act  upon  it;  but  when  boiled  in  that  liquid,  the  lead  la 
alowly  oxidiied  at  the  expense  of  the  acid.  The  only  proper  solvent  for 
lead  is  nitric  acid.  This  reagent  oxidizes  it  rapidly,  and  forma  with  ita 
oxide  a#salt  which  crystallizes  in  opaque  octohedrons  by  evaporation. 

From  late  experiments  on  the  composition  of  the  protoxide  of  lead,  and  of 
the  nitrate  and  sulphate  of  that  oxide,  I  have  deduced  103.6  as  the  equivalent, 
a  number  which  agrees  very  closely  with  the  researchea  of  Berzelius  on  the 
same  subject  (Phil.  Trans.  1833,  part  ii.)  The  composition  of  iU  compounds 
described  in  this  section  is  ds  follows : — 

Lead.  Equiv.       Form:il«. 

Dinoxide  2075  2  eq.  4- Oxygen  8  1  cq.as=215.2  2Pb+0. 
Protoxide     103.6  1  eq.+do.  8        1  eq.=111.6      Pb+O. 

Peroxide       103.6  1  eq.  + do.  16        2eq.=119.6      Pb+20. 

„   ,      . ,   5  31 0.8  3  eq.  +  do.  32        4  eq.  (      340  q 3Ph+40 

Red  oxide  ^  ^  p^^^^  c^^  ^^  2eq.  +  perox.  119.6  or  Icq.  <  "^^^^'Vb+Pb. 
Chloride      103.6  1  eq.4-Chlorine      35.42  1  eq.=139.02    Pb+CL 

Iodide  103.6  1  eq.  +  Iodine  126.3    1  eq.=229.9      Pb^-I. 

Bromide  103.6  1  eq.4.  Bromine  78.4  1  eq.=182  Pb  +  Br. 
nuoride  103.6  1  eq.+ Fluorine  18.68  1  eq.=122i?8  Pb-i-F. 
Sulphuret    103.6  1  eq.-f  Sulphur       16.1    1  eq.=119.7      Pb+S. 

cISbSreT*^*  (  Composition  uncertain. 

Cyanuret     103.6  1  eq.+ Cyanogen    26.39  1  eq=129.99'    Pb+Cy. 

Dinoxide  of  Lead, — ^Dulong  observed  that  on  heating  dry  oxalate  of  prot- 
oxide of  lead  in  a  glass  tube  to  low  redness,  air  being  excluded,  a  mixture  of 
carbonic  acid  and  carbonic  oxide  gases  is  evolved,  and  a  suboxide  remains 
of  a  dark  gray,  nearlyjblack,  colour.  Boussinganlt  baa  lately  proved  that  it 
is  a  dinoxide.  It  does  not  unite  with  acids,  but  is  resolved  by  them  into  a 
salt  of  tiie  protoxide  with  separation  of  metallic  lead.  (An.  de  Ch.  et  de  Ph. 
liv.  263.) 

Protoxide, — ^This  oxide  is  prepared  on  a  large  scale  by  collecting  the  gray 
film  which  forms  on  tlie  surface  of  melted  lead,  and  exposing  it  to  heat  and 
air  until  it  acquires  a  uniform  yellow  colour.  In  this  state  it  is  the  maoncid 
of  commerce ;  and  when  par^ally  (used  by  heat,  the  term  lOharge  is  applied 
to  it  As  thus  procured  it  is  always  mixed  with  the  red  otide.  It  may  be 
obtained  pure  by  adding  ammonia  to  a  cold  solution  of  nitrate  of  protoxide 
of  lead  until  it  is  fiiintly  alkaline,  washing  the  precipitated  subnitrate  with 
cold  water,  and  when  dry,  heating  it  to  moderate  redness  for  an  hour  in  a 
platinum  crucible.  An  open  fire  should  be  used,  and  great  care  taken  to 
prevent  combustible  matter  in  any  form  from  contact  with  the  oxide. 

Protoxide  of  lead  is  red  while  hot,  but  has  a  rich  lemon-yellow  colour 
when  cold,  is  insoluble  in  water,  fuses  at  a  bright  red  heat,  and  is  fixed  and 
unchangeable  in  the  fire.  Its  density  is  9.4214.  The  fbsed  protoxide  has  a 
highly  foliated  texture,  and  is  very  tough,  so  as  to  be  pulverised  with  difli- 
cidty.  By  transmitted  light  it  is  yellow;  but  by  reflected  light  it  appears 
green  in  some  parts  and  yellow  in  others.  Heated  with  combustible  matters, 
die  protoxide  parts  with  oxygen  and  is  reduced.  From  its  insolubility  it 
does  not  change  the  vegetable  colours  under  common  circumstances;  but 
when  rendered  sdaUe  by  a  small  quantity  of  acetic  acid,  it  has  a  distinct 
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most  of  which  are  of  a  white  colour. 

Protoxide  of  lead  is  precipitated  from  its  ■oluliona  by  pure  alkalies  as  • 
white  hydrate,  which  is  redissolred  by  potassa  in  excess;  as  a  white  carbonate, 
which  IS  the  well-known  pigment  wkU€  lead^  by  alkaline  carbonates ;  as  a 
white  sulphate  by  soluble  sulphates ;  as  a  dark  brown  sulphuret  bv  bydfo- 
•ulpbaric  acid ;  and  as  yellow  iodide  of  lead  by  hydriodic  acid  or  iodide  of 
poteseium. 

With  re^rard  to  the  poisonous  property  of  the  salts  of  lead,  a  remarkabb 
&ct  has  been  observed  by  my  colleajifue  Dr.  A.  T.  Thomson,  who  has  proved 
that  of  all  the  ordinary  preparations  of  lead,  the  carbonate  is  by  ^  tbs 
most  virulent  P<Hcon.  Any  salt  of  lead  which  is  easily  convertible  into  the 
carbonate,  as  for  iostanee  the  sobacetate,  is  also  poisoooos ;  but  be  has  fpmm 
iarge  doses  of  the  nitrate  of  the  protoxide  and  chlpride  of  lead  to  rabbits 
witDout  producing  perceptible  inconvenience.  He  finds  that  acetate  of  pro^ 
oxide  of  lead,  mixed  with  vinegar  to  prevent  the  formation  of  any  oarbonato, 
jnay  be  freely  and  safely  administered  in  medical  practice. 

The  best  method  of  detecting  the  presence  of  lead  in  wine  or  other  suspect- 
ed mixed  fluids  is  by  means  of  hydresulphuric  acid.  The  sulphuret  of  lead, 
after  bein^  collected  on  a  filter  and  washed,  is  to  be  digested  in  nitric  acid 
diluted  with  twice  its  weight  of  water,  until  the  dark  ooU>ur  of  the  sulphuret 
disappears.  The  solution  of  the  nitrate  should  then  be  brought  to  perfe^ 
dryness  on  n>  watcb.giass,  in  order  to  expel  the  excess  of  nitric  acid,  and  the 
residue  be  redissolved  in  a  small  quantity  of  cold  water.  On  dropping  a 
partide  of  iodide  of  potassium  into  a  portion  of  this  liquid,  yellow  iodide  of 
lead  will  instantly  appear. 

Protoxide  of  lead  unites  readily  with  earthy  substances,  filming  with 
them  a  transparent  colourless  glass.  Owing  to  this  propertjr  it  is  much  em- 
ployed  for  giaang  earthenware  end  porcelain.  It  enters  in  large  qiuntity 
mto  the  oompositioa  of  flint  glass,  which  it  renders  more  fuaiUe,  transparent, 
and  uniform. 

Lead  is  separated  from  its  salts  in  the  metallic  state  by  iron  or  sine  The. 
best  way  of  demonstrating  this  fiict  is  by  dissolviDg  1  part  of  acetate  of  pr9 
toxide  of  lead  in  24  of  water,  and  suspending  a  piece  of  line  in  the  solution 
by  means  of  a  thread.  The  lead  is  deposit^  upon  the  sine  in  a  peculiar  ar- 
borescent form,  gving  rise  to  the  appearance  called  arb^r  Saiurm, 

Med  Ojttife.— This  compound,  the  vnnium  of  commerce,  is  employed  as  « 
pigment,  and  in  the  manufacture  of  flint  glass.  It  is  formed  by  oxidiung 
lead  by  heat  and  air  without  allowing  it  to  fuse,  and  then  exposiog  it  in 
open  vessels  to  a  temperature  of  600^  or  700°,  while  a  current  of  air  plays 
upon  its  surfiice.    It  slowly  absorbs  oxygen  and  is  converted  into  minium. 

This  oxide  does  not  unite  with  acids.  When  heated  to  redness  it  gives  off 
pure  oxygen  ^as,  and  is  reconverted  into  the  protoxide.  When  digested  in 
nitric  acid  it  is  resolved  into  protoxide  and  peroxicto  of  lead,  the  former  of 
which  unites  with  the  acid,  while  the  latter  remains  as  an  insoluble  powder. 
From  the  focility  with  which  this  change  is  effected  even  by  acetic  add, 
most  chemists  consider  red  lead,  not  so  much  as  a  definite  compound  of  lead 
and  oxy^q,  but  as  a  salt  composed  of  the  protoxide  and  peroxide  as  stated  at 
page  392.  This  oxide  has  been  long  considered  as  a  sesquioxide,  an  error 
first  corrected  by  Dalton  (New  System  of  Chemistry,  ii.  41.),  whose  obser- 
vation has  been  confirmed  by  Dumas  and  Phillips.  (An.  de  Ch.  et  de  Ph. 
zUx.  398,  and  Phil.  Mag.  N.  8.  iji.  125.)  Dumas  shows  that  the  minium  is 
not  uniform  in  composition,  but  consists  of  variable  mixtures  of  the  protoxide 
with  real  red  lead.  The  former  may  be  oxidized  by  continued  exposure  to 
air  and  heat,  and  may  be  dissolved  by  acetic  add  very  much  diluted  with 
cold  water. 

Peroxide, — ^This  oxide  may  be  obtained  by  the  action  of  nitric  acid  on 
minium,  as  just  mentioned ;  by  fiising  protoxide  of  lead  with  chlorate  of 
potassa,  at  a  temperature  short  of  redness,  and  removing  the  chloride  of 
potassium  by  solution  in  water ;  and  by  transmitting  a  current  of  chlorine 
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gu  tbronflrli  a  tolution  of  acetate  of  the  protoiide  of  lead.    In  the  hurt  the 
reaction  is  such,  that 

1  eq.  chlorine  &  2  eq.  protox.  lead  S  1  eq.  perox.  lead  &  1  eq.  chloride  lead 
a.  2(Pb+0)       -2  lPb+20  Pb+CL 

The  chloride  is  removed  by  washing  with  waim  water. 

Peroxide  of  lead  is  of  a  pace  colour,  is  insoluble  in  water,  and  is  resolved 
by  stronjr  ox-acids,  such  as  the  sulphuric  and  nitric,  into  a  salt  of  the  pro- 
toxide and  oxyven  gas.  With  hydrochloric  acid  it  yields  chlorine  gas  and 
ddoride  of  leacu  At  a  red  heat  it  emits  oxygen  gas  and  is  converted  into 
the  protoxide. 

Chloride  tf  Lead. — ^This  compound,  sometimes  called  horn  lead,  is  slowly 
fi>rmed  by  the  action  of  chlorine  gas  on  thin  plates  of  lead,  and  may  be  oh- 
tained  more  easily  by  adding  hydrochloric  acid  or  a  solution  of  sea<4alt  to 
acetate  or  nitrate  of  oxide  oflead  dissolved  in  water.  This  chloride  dissolves 
to  a  considerable  extent  in  hot  water,  especially  when  acidulated  with  hydro- 
chloric add,  and  separates  on  cooling  in  small  acicnlar  anhydrous  crystals 
of  a  white  colour.  It  fuses  at  a  temperature  below  'redness,  and  forms  as  it 
cools  a  semi-transparent  mass,  which  has  a  density  of  5.133.  It  bears  a  fhll 
red  heat  in  close  vessels  without  subliming ;  but  in  open  vessels  it  smokes 
from  spurious  evaporation,  loses  some  of  ita  chlorine  and  absorbs  oxygen, 
yieldinar  an  oxy-chloride  of  a  yellow  colour. 

lodiae  of  Lead  is  easily  formed  by  mixing  a  solution  of  hydriodic  acid  in 
excess  with  the  nitrate  of  protoxide  of  lead  dissolved  in  water;  and  it  is  (^ 
a  rich  yellow  colour.  It  is  dissolved  by  boiling  water,  forming  a  colourless 
solution,  and  is  deposited  on  cooling  in  yellow  crystalline  scides  of  a  bril- 
liant lustre. 

Bromide  of  Lead^r^li  fidls  as  a  white  crystalline  powder,  of  sparing  solu- 
bility  in  water,  when  a  soluble  salt  of  lead  is  mixed  with  bromide  of  potas- 
sium in  solution.  Exposed  to  heat  it  fuses  into  a  red  liquid  which  becomes 
yellow  when  cold. 

Fluoride  of  Lead  is  formed  by  mixing  hydrofluoric  acid  with  acetate  of 
protoxide  of  lead,  and  ftlls  as  an  uncrystalline  white  powder  of  very  sparing 
solubility.  It  is  soluble  in  nitric  and  hydrochloric  acids,  but  is  decomposed 
when  the  solution  is  evaporated. 

Sulphurete  of  Lead, — It  is  probable  that  lead  unites  with  sulphur  in  several 
different  proportions ;  but  the  bnly  one  of  these  compounds  well  known  to 
chemista  is  the  native  sulphuret,  galena,  which  occurs  in  cubic  crystals,  or 
in  forms  allied  to  the  cube.  It  may  be  formed  artificially  by  fusing  lead  with 
sulphur,  or  by  the  action  of  hydrosulphuric  acid  on  a  salt  of  lead« 

Phoephuret  of  Lead  has  been  little  examined.  It  may  be  formed  by 
heating  phosphate  of  oxide  of  lead  with  charcoal,  by  mixing  a  solution  of 
phosphorus  in  alcohol  or  ether  with  the  solution  of  a  salt  of  lead,  or  by  the 
action  of  pho^phoretted  hydrogen  on  a  similar  'solution. 

Carburet  of  Lead  may  be  obtained  by  reducing  oxide  of  lead  in  a  state  of 
fine  division  and  intimate  admixture  with  charcoal.  It  is  also  generated 
when  salta  oflead,  which  contain  a  vegetable  acid,  are  decomposed  by  heat 
in  close  vessels.  (Berzelius.) 

^  Cyanuret  of  Lead  falls  as  a  heavy  white  powder  when  cyanuret  of  potas- 
sium is  mixed  with  a  solution  of  nitrate  or  oxide  of  lead^  or  hydrocyanic 
acid  with  the  acetate.  It  is  soluble  in  nitric  acid,  and  to  a  considerable 
extent  in  hot  water,  yielding  colourless  solutions.  Heated  to  gentle  red- 
ness, it  gives  out  nitrogen  gas,  and  pyrophoric  carburet  oflead  remains. 
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ORDER  III. 

BIETALS,  TH^  OXIDES  OF  WHICH  ARE  REDUCED  TO  THE 
METALLIC  STATE  BY  A  RED  HEAT. 

SECTION    XXIV. 

MERCURY  OR  QUICKSILVER. 

Thib  metal  wm  well  known  to  the  ancients.  The  principal  mines  from 
which  it  b  obtained  are  those  of  Idria  in  Carniola,  and  Almaden  in  Spain, 
where  it  is  found  both  in  the  native  state  and  combined  with  sulphur  as  cin^ 
nabor,  the  latter  being  the  most  abundant.  From  this  ore  the  metal  is  ex- 
tracted  b^  heating  it  with  lime  or  iron  filings,  hy  which  means  the  mercury 
IS  Tolatihzed  and  the  sulphur  retained.  As  prepared  on  a  large  scale  it  is 
usually  mijted  in  small  quantity  with  other  metals,  from  which  it  may  bo 
purified  by  cautious  distillation. 

Mercury  is  distinguished  from  all  other  metals  by  bein^  fluid  at  common 
temperatures.  It  has  a  tin-white  colour  and  strong  metaUic  lustre.  It  be- 
comes solid  at  a  temperature  which  is  39  or  40  degrees  below  zero;  and  in 
congealing,  it  evinces  a  strong  tendency  to  crystidlize  in  octohedrons.  It 
oon^cts  greatly  at  the  moment  of  congelation ;  for  while  its  density  at  47° 
is  13^8,  that  of  fix)zen  mercury  is  15.613.  When  solid  it  is  malleable,  and 
may  be  cut  with  a  knife.  At  662°  or  near  that  degree,  it  enters  into  ebulli- 
tion, and  condenses  again  on  cool  surfiices  into  metallic  globules. 

Mercury,  if  quite  pure,  is  not  tarnished  in  the  cold  by  exposure  to  air  and 
moisture;  but  if  it  contain  other  metals,  the  amalgam  of  those  metals  ozi- 
dizes  readily,  and  collects  a  film  upon  its  surfiice.  Mercury  is  said  to  be 
oxidized  by  long  agitation  in  a  bottle  half  full  of  air,  and  the  oxide  so  formed 
was  c  alld  by  Boerhaave  ethiopa  per  se  ;  but  is  very  probable  that  the  oxida- 
tion of  mercury  observed  under  these  circumstances  was  solely  owing  to  the 
P'Jfop©  of  other  metals.  When  mercury  is  exposed  to  air  or  oxygen  ^as, 
while  in  the  form  of  vapour,  it  slowly  absorbs  oxygen,  and  is  converted  mto 
peroxide  of  mercury. 

The  only  acids  that  act  on  mercury  are  the  sulphuric  and  nitric  acids. 
The  former  has  no  action  whatever  in  the  cold;  but  on  the  application  of 
heat,  the  mercury  is  oxidized  at  the  expense  of  the  acid,  pure  sulphurous 
acid  gas  is  disengaged,  and  a  sulphate  of  mercury  is  generated.  Nitric  acid 
acts  energetically  upon  mercury  both  with  and  without  the  aid  of  heat,  oxi- 
dizing and  dissolving  it  with  evolution  of  binoxide  of  nitrogen. 

PVom  some  late  analyses  of  the  peroxide  and  chlorides  of  mercury,  I 
have  inferred  that  its  equivalent  is  202.  (PhiL  Trans,  1833,  part  il)  The 
composition  of  its  compounds  described  in  this  section  is  as  follows : — 

Mercury.  Equiv.  Formule. 

Protoxide        202 1  eq+Oxygen     8     1  eq.«210       Hg-fOorHg. 

Peroxide  202 1  eq^-    do        16    ^2  eq.=218       Hg+20orHg. 

Protochloride  202  1  eq-f  Chlorine  35,42  1  eq.=237.42  Hg+C!  or  H^. 
Bichloride       202  1  eq.-f  do  70.84  2  eq.=272.84  Hg-f  2a  or  HgCl«. 

Protiodide       202  1  eq^-Iodine      126.3  1  eq.= 328.3     Hg  -f  I  or  Hgf. 
Sesquiodide     404  2  eq.+  do.         378,9  3  eq,=782^  2Hg.f  31  or  HgaU. 
Bmiodide        202  1  eq^-  do.         252.6  2  eq.=:454.6    Hg-f2I  or  Hgl*. 
Frotobromide  202  1  eq.+Bromine    78.4  1  eq«  280.4    Hg-(-Br  or  HgBr. 


Mercury.  Equiv.  Fornrals. 

fiibromide       202  1  eq.+Broiniiie  156«8  9  eq,«s356^   Hg^-SBr  or  HgBrS. 

Jj^**^"      J  202  1  eq.+Siilphur     16.1  1  eq^  218.1    Hg+SorHga 

Sbulphnret     202  1  eq.+  do.  32Jt  2  eq.ift234J2    Hg+2S  or  HgSs. 

fiicyanuiet      202  1  eq.+Cyano.    52.78  2  eq.s=228.39  Hg+2C7  or  HgCj. 

Prdaxide, — ^Tbis  oxide,  which  is  a  black  powder,  insoluble  in  water,  is  • 
best  prepared  by  the  process  recommended  by  Donovan.  (An.  of  PhiL  zit.) 
Tius  consists  in  mixing  calomel  briskly  in  a  mortar  with  pure  potassa  in 
excess,  so  as  to  effect  its  decomposition  as  rapidly  as  possible :  the  protoxide 
is  then  washed  with  cold  water,  and  dried  spontaneously  in  a  dark  place. 
These  precautions  are  rendered  necessary  by  the  tendency  of  the  protoxide 
to  resolre  itself  into  the  peroxide  and  metallic  mercury,  a  chan^  which  is 
easily  effected  by  heat,  by  the  direct  solar  rays,  and  even  by  daylight  It  is 
on  this  account  wry  difficult  to  procure  protoxide  of  mercury  in  a  state  of 
absolute  purity. 

.This  oxide  is  precipitated  from  its  salts,  of  which  the  nitrate  is  the  most 
interesting,  as  the  black  protoxide  by  pure  alkalies ;  as  a  white  carbonate, 
which  soon  becomes  dark  from  the  loss  of  carbonic  acid,  by  alkaline  car- 
bonates ;  as  calomel  by  hydrochloric  acid  or  any  soluble  chloride ;  and^  as 
the  black  protosulphuret  by  hydrosulphuric  acid.  Of  these  tests,  the  action 
of  hydrochloric  acid  is  the  most  characteristic  Tlie  oxide  is  reduced  to  the 
metallic  state  by  copper,  phosphorous  acid,  or  protochloride  of  tin. 

Peroxide. — ^This  oxide  may  be  formed  eithor  by  the  combined  agency 
of  heat  and  air,  as  already  mentioned,  or  by  dissolving  mercury  in  nitric 
aetd,  and  exposing  the  nitrate  so  formed  to  a  temperature  just  sufficient  for 
expelling  the  whole  of  the  nitric  acid.  It  is  commonly  known  by  the  name 
of  red  preeipitaie.  The  peroxide  prepared  from  the  nitrate  almost  always 
contains  a  trace  of  nitric  acid,  which  may  be  detected  by  heating  it  in  a  clean 
glass  tube  by  means  of  a  spirit-lamp :  a  yellow  ring,  formed  of  subnitrate 
of  oxide  of  mercury,  collects  within  the  tube  just  above  the  part  which  is 
heated.  (Dr.  Clarke.) 

Peroxide  of  mercury,  thus  prepared,  is  commonly  in  the  form  of  shining 
crystalline  scales  of  a  nearly  black  colour  while  hot,  but  red  when  cold : 
when  very  finely  levigated,  the  peroxide  has  an  orange  colour.  It  is  soluble 
to  a  small  extent  in  water,  forming  a  solution  which  has  an  acrid  metallic 
taste,  and  communicates  a  green  colour  to  the  blue  infusion  of  violetb 
When  heated  to  redness,  it  is  converted  into  metallic  mercury  and  oxygen. 
Long  exposure  to  light  has  a  similar  effect  (Guibourt) 

Some  of  the  neutral  salts  of  this  oxide,  such  as  the  nitrate  and  sulphate, 
are  converted  by  water,  especially  at  a  boiling  temperature,  into  insoluble 
yellow  subsalts,  leaving  a  strongly  acid  solution,  in  which  a  little  of  the 
original  salt  is  dissolved.  The  oxide  is  separated  from  all  acids  as  a  red* 
or  when  hydratic  as  a  yellow  precipitate,  by  the  pure  and  carbonated  fixed 
alkalies.  Ammonia  and  its  carbonate  cause  a  white  precipitate,  which  is  a 
double  salt,  consisting  of  one  eouivalcnt  of  the  acid,  one  equivalent  of  the 
peroxide,  and  one  equivalent  of  ammonia.  The  oxide  is  readily  reduced  to 
the  metallic  state  by  metallic  copper.  Hydrosulphuric  acid,  phosphorous 
acid,  and  protochloride  of  tin,  reduce  the  peroxide  into  the  protoxide ;  and 
when  added  in  larger  quantity,  the  first  throws  down  a  black  sulphuret,  and 
the  two  latter  metdlic  mercury.  The  action  of  hydrosulphuric  acid  on  a 
•olution  of  corrosive  sublimate  is,  however,  peculiar;  for  at  first  it  occasions 
a  white  precipitate  which,  according  to  Rose,  is  a  compound  of  two  equiva* 
lents  of  bisulphuret  to  one  of  bichloride  of  mercury.  This  gas  acts  on 
bibromide  and  biniodide  of  mercury  in  a  simihir  manner.  (J^.  de  Ch.  et 
de  Ph.  xL  46.) 

Proio^doride* — Protochloride  of  mercuiy,  or  calomel,  is  always  generated 
when  chlorine  comes  in  contact  witli  mercury  at  common  temperatures ; 
A^also  by  the  contact  of  metallic  mercury  and  the  bichloride.  It  may  \m 
made  by  precipitation,  by  mixing  nitrate  of  protoxide  of  mercury  in  solution 
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witli  bydfoohloric  acid  or  any  soluble  chloride.  It  is  more  eommqnly  prepared 
by  aabliinatioD.  This  is  oonyeniently  done  by  miziog  S73.84  parts  or  one 
equivalent  of  the  bichloride  with  202  parts  or  one  equivalent  of  mercury, 
until  the  metallic  giobules  entirely  disappear,  and  then  subliming.  When 
first  prepared  it  is  always  mixed  with  some  corrosive  sublimate,  and,  there- 
fore, shcHild  be  reduced  to  powder  and  well  washed,  before  being  employed 
for  chemical  or*medical  purposes. 

Protochloride  of  mercury  is  a  rare  mineral  production,  called  horn  quieh" 
siioer,  which  occurs  crystallized  in  quadrangular  prisms,  terminated  by 
pyramids.  When  obtained  by  sublimation  it  is  in  semi-transparent  crystal- 
line cakes ;  but  as  formed  by  precipitation,  it  is  a  white  powder.  Its  density 
is  7i2.  At  a  heat  short  of  redness,  but  higher  than  the  subliming  point  of 
the  bichloride,  it  rises  in  vapour  without  previous  fusion ;  but  during  the 
sublimation  a  portion  is  always  resolved  into  mercury  and  the  bichloride. 
It  is  yellow  while  warm,  but  recovers  its  whiteness  on  cooling.  It  is 
distinguished  from  the  bichloride  by  not  being  poisonous,  by  having  no 
taste,  and  by  being  exceedingly  insoluble  in  water.  Acids  have  little  effect 
upon  it;  but  pure  alkalies  decompose  it,  separating  the  black  protoxide  of 
morcury.  When  calomel  is  boiled  in  a  solution  of  hydro(hlorate  of  am- 
monia, it  is  converted  into  corrosive  sublimate  and  mettdlic  mercury.  Chlo- 
ride of  sodium  has  a  similar  effect,  though  in  a  less  degree. 

Bichloridej^-^When  mercurv  is  heated  in  chlorine  gas,  it  takes  fire,  and 
bums  with  a  pale  red  flame,  forming  the  well-known  medicinal  preparation 
and  vbident  poison  corrotive  euhlimate^  or  bichloride  of  mercury.  It  is  pre- 
pared for  medical  purposes  by  subliming  a  mixture  of  bisulphate  of  the 
peroxide  of  mercury  with  chloride  of  sodium  or  sea-salt  The  exact  quanti- 
ties required  for  mutual  decomposition  are  298.2  parts  or  one  equivalent  of 
the  bisulphate,  to  117.44  parts  or  two  equivalents  of  the  chloride.    Thus, 


Bisulphate  of  Mercury  1  eq. 
Sulphuric  acid  80.2  or  2  eq.  2S.  . 
Peroxide  of  mer.  218    or  1  eq.   Hg. 


Chloride  of  Sodium  2  eq. 
Chlorine  .  70.84  or  2  eq.  201. 
Sodium    .    .  46.6    or  2  eq.      2Na. 


2B8Si         Hg.f2S.  117.44 

And  by  mutual  interchange  of  elements  they  produce 


2(Na+Cl). 


fiichloride  of  Mercury  1  eq. 
Mercury  .  202  or  1  eq.  Hg. 
Chlorine     .      70.84  or  2  eq.      2CL 


Sulphate  of  Soda  2  eq. 

Soda  .    .    .    62.6  or  2  eq.    .    2Na. 
Sulphuric  ac.  80i2  or  2  eq.    .     2sl 


272.84  Hg-f2Cl. 


142.8         '  2(Na4-S). 


The  products  have  exactly  the  same  weight  (272.84+ 142.8  =:415.64)  as 
the  compounds  (298.2  +  117.44=415.64)  from  which  they  were  prepared. 

Bichloride  of  mercury,  when  obtained  by  sublimation,  is  a  semi-trans- 
parent colourless  substance,  of  a  crystalline  texture.  It  has  an  acrid,  burning 
taste,  and  leaves  a  nauseous  metallic  flavour  on  the  tongue.  Its  specific 
gravity  is  5.2.  When  exposed  to  a  heat  short  of  incandescence,  it  is  fused, 
enters  into  ebullition  from  the  rapid  formation  of  vapour,  and  is  deposited 
without  further  change  on  cool  sur&ces  as  a  white  crystalline  sublimate. 
It  requires  twenty  times  its  weight  of  cold,  and  only  twice  its  weight  of 
boiling  water  for  solution,  and  is  deposited  fiY>m  the  latter,  as  it  cools,  in  the 
form  of  prismatitf  crystals.    Strcmg  alcohol  and  ether  dissolve  it  in  the 
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same  proportion  as  boiliii|f  water ;  and  it  is  soluble  in  lialf  its  weigflit  of  oqb- 
centrated  hydrochloric  acid  at  the  temperature  of  TO^.  With  the  chlorides 
of  potaBsium  and  sodium,  hydrochlorate  of  ammonia,  and  several  other 
bases,  it  enters  into  combination,  forming  double  salts,  which  are  more 
soluble  than  the  chloride  itself.  When  its  solution  in  water  is  agitated  with 
ether,  the  latter  abstracts  the  bichloride,  and  rises  with  it  to  the  sur&oe  of 
the  former,  thus  affording  strong  evidence  of  the  bichloriiie  having  existed 
as  such  in  the  water.  Its  aqueous  solution  is  gradually  decomposed  by  h'ght, 
calomel  being  deposited. 

The  presence  of  mercury  in  a  fluid,  supposed  to  contain  corrosive  subli- 
mate, may  be  detected  by  concentrating  and  digesting  it  with  an  excess 
of  pure  potassa.  Oxide  of  mercury,  which  subsides,  is  then  sublimed  in  a 
small  glass  tube  by  means  of  a  spirit-lamp,  and  obtained  in  the  form  of 
metallic  globules.  But  in  cases  of  poisoning,  when  the  bichloride  is  mixed 
with  organic  substances.  Dr.  Ghristison  recommends  that  the  liquid,  without 
previous  filtration,  be  ag^itated  with  a  fourth  of  its  volume  of  ether,  which 
separates  the  poison  from  the  aqueous  part,  and  rises  to  the  surface.  The 
ethereal  solution  is  then  evaporated  on  a  watch-glass,  the  residue  dissolved 
in  water,  and  the  mercury  precipitated  in  the  metallic  state  by  protochloride 
of  tin  at  a  boiling  temperature.  If,  as  is  probable,  most  of  the  poison  is 
already  convert^  into  calomel,  and  thereby  rendered  insoluble,  as  many , 
vegetable  fibres  should  be  picked  out  as  possible,  and  the  whole  at  onoe 
digested  with  protochloride  of  tin.  The  organic  substances  are  then  dis- 
solved in  a  hot  solution  of  caustic  potassa,  and  the  insoluble  parts  washed  and 
sublimed  to  separate  the  mercury.    (Ghristison  on  Poisons.) 

A  very  elegant  method  of  detecting  the  presence  of  mercury  is  to  place  a 
drop  of  the  suspected  liquid  on  polished  gold,  and  to  touch  the  moistened 
surface  with  a  piece  of  iron  wire  or  the  point  of  a  penknife,  when  the  part 
touched  instantly  becomes  white,  owing  to  the  formation  of  an  amalgam  of 
gold.  This  process  was  originally  suggested  by  Mr.  Sylvester,  and  has 
since  been  simplified  by  Dr.  Paris.  (Mimical  Jurisprudence,  by  Paris  and 
Fonblanque.) 

Many  animal  and  vegetable  solutions  convert  bichloride  of  mercury  into 
calomel,  a  portion  of  hydrochloric  acid  being  set  free  at  the  same  time. 
Some  substances  effect  this  change  slowly ;  while  others,  and  especially  al- 
bumen, produce  it  in  an  instant  Thus,  when  a  solution  of  corrosive  subli- 
mate is  mixed  with  albumen,  a  white  fiocculent  precipitate  subsides,  which 
Orfila  has  shown  to  be  a  compound  of  calomel  and  albumen,  and  which  he 
has  proved  experimentally  to  be  inert.  (Toxicologic,  vol.  i.)  Consequently, 
a  solution  of  the  white  of  eggs  is  an  antidote  to  poisoning  by  corrosive 
sublimate.  The  muscular  and  membranous  parts,  even  of  a  living  animal, 
produce  a  similar  effect;  and  the  causticity  of  corrosive  sublima-e  seems 
owing  to  the  destruction  of  the  animal  fibre  by  which  the  decomposition 
.  of  the  bichloride  is  aecompanied,  and  which  constitutes  an  essential  part  of 
the  chemical  change. 

Proiiodide  of  Mercury. — This  compound  is  obtained  by  mixing  nitrate  of 
protoxide  of  mercury  in  solution  with  iodide  of  potassium.  It  is  a  green 
powder,  insoluble  in  water,  and  disposed  to  resolve  itself  under  the  influence 
of  heat  or  solar  light  into  mercury  and  the  biniodide.  However,  when  the 
heat  IS  quickly  supplied,  it  is  fused  and  sublimed  without  material 
change. 

Seaquiodide. — This  compound  falls  as  a  yellow  powder  when  Iodide  of 
potassium  is  added  in  solution  to  the  mixed  nitrates  of  the  protoxide  and 
peroxide  of  mercury,  the  latter  being  in  excess.  The  precipitate  is  digested 
with  a  solution  of  sea-salt  which  takes  up  any  biniodide  which  may  have 
fallen. 

Biniodide, — ^This  compound  is  formed  by  mixing  nitrate  of  the  peroxide 
or  bichloride  of  mercury  with  iodide  of  potassium  in  solution,  and  nils  as  a 
rich  red-coloured  powder  of  a  tint  which  vies  in  beauty  with  that  of  vermilion, 
though,  unfortunately,  the  colour  is  less  permanent  Though  insoluble  in 
water,  it  dissolves  freely  in  an  excess  of  either  of  its  preeijntants.    If  taken 
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op  in  a  hot  folution  of  nitnto  of  peroxide  of  mercury,  the  bintodide  crystal- 
lixaa  out  on  cooling  in  scales  of  a  beautiful  red  tint  The  same  crystals 
separate  from  a  solution  in  iodide  of  potassium ;  but  if  the  liquid  be  con- 
eentrated,  a  double  iodide  of  mercury  and  potassium  subsides. 

The  biniodide,  when  exposed  to  a  moderate  heat,  gradually  becomes  yel- 
low ;  and  the  particles,  though  previously  in  powder,  acquire  a  crystaluoa 
appesrance.  At  about  400®  it  forms  a  yellow  liquid  which  slowly  sublimes 
in  small  transparent  scales,  or  in  large  rhombic  tables,  when  a  considerable 
quantity  is  sublimed.  The  crystals  retain  their  yellow  colour  at  60^  if  kept 
very  tranquil ;  but  if  the  temperature  be  below  a  certain  point,  or  tbe;^  are 
rubbed  or  touched,  they  quickly  become  red.  This  phenomenon  is  entirely 
due  to  a  change  in  molecular  arrangement :  the  different  colours  so  often 
witnessed  in  the  same  substances  at  different  temperatures,  as  in  peroxide  of 
mercury  and  the  protoxides  of  lead  and  zinc,  appear  to  be  phenomena  of  the 
same  nature. 

Protobromide  of  Mercury. — It  is  precipitated  as  a  white  insoluble  powder 
by  mixing  nitrate  of  protoxide  of  mercury  with  bromide  of  potassium. 

The  inoromide  is  a  white  crystallizable  compound,  soluble  in  water  and 
iJcohol,  fusible  and  volatile,  and  in  many  respects  analogous  to  the  bichlo- 
ride. It  is  formed  by  acting  on  peroxide  of  mercury  with  hydrobromio 
add,  or  digesting  the  preceding  compound  with  bromine. 

Sulphuret9  of  Mercury, — The  protosulphuret  may  be  prepared  by  trans- 
ntitting  a  current  of  hydrosulphuric  acid  gas  through  a  dilute  solution  of 
nitrate  of  protoxide  of  mercury,  or  through  water  in  which  calomel  is  sus- 
pended. It  is  a  black-coloured  substance,  which  is  oxidized  by  digestion  in 
strong  nitric  acid.  When  exposed  to  heat  it  is  resolved  into  the  bisalphuret 
and  metallic  mercui^. 

The  bieulpkuret  is  formed  by  fusing  sulphur  with  about  six  times  its 
weight  of  mercury,  and  subliming  in  close  vessels.  When  procured  by  this 
process  it  has  a  red  colour,  and  is  known  by  the  name  offactUioue  cinnabar. 
its  tint  is  greatly  improved  by  being  reduced  to  powder,  in  which  state  it 
forms  the  beautiful  pigment  vermilion.  It  may  be  obtained  in  the  moist  way 
by  pourinigr  a  solution  of  corrosive  sublimate  into  an  excess  of  hydrosulphate 
of  ammonia.  A  black  precipitate  subsides,  which  acquires  the  usual  red 
colour  of  cinnabar  when  sublimed.  The  black  precipitate  formed  by  the 
action  of  hydrosulphuric  acid  on  bicyanuret  of  mercury,  is  likewise  a  bisoL 
phuret    Cinnabar,  as  already  mentioned,  occurs  native. 

When  equal  parts  of  sulphur  and  mercury  are  triturated  together  until 
metallic  globules  cease  to  be  visible,  the  dark  coloured  mass  called  ethiopa 
mineral  results,  which  Mr.  Brande  has  proved  to  be  a  mixture  of  sulphur 
and  bisulphuret  of  mercury.     (Journal  of  Science,  vol.  xviii.  p.  294.) 

Cinnabar  is  not  attacked  by  alkalies,  or  any  simple  acid ;  but  it  is  dis- 
solved by  the  nitro-hydrochloric,  with  formation  of  sulphuric  acid  and  per- 
oxide of^^mercuiT. 

Bicyanuret  rf Mercury. — ^This  compound  is  best  prepared  by  boiling,  in 
any  eonvenient  quantity  of  water,  finely  levigated  Prussian  blue,  quite  pure 
and  well  dried  on  a  sand-bath,  with  an  equal  weight  of  peroxide  of  mercury 
in  powder,  until  the  blue  colour  of  tlie  pigment  entirely  disappears.  A 
colourless  solution  is  formed,  which,  when  filtered  and  concentrated  by  eva- 
poration, yields  crystals  of  bicyanuret  of  mercury  in  the  form  of  quadran- 
gular prisms.  The  essential  part  of  this  process  consists  in  the  peroxide  a£ 
mercury  and  the  Prussian  blue  exchanging  elements,  whereby  bicyanuret  of 
mercury  and  peroxide  of  iron  result;  but  the  entire  change  is  very  complex 
and  not  vteXi  understood.  Much  cyanogen  remains  behind  in  the  insoluble 
part ;  for  on  digesting  it  in  hydrochloric  acid,  so  as  to  remove  the  peroxide 
of  iron,  a  considerable  quantity  of  Prussian  blue  is  left  This  process  is  so 
very  uneconomical,  that  I  suspect  it  would  be  better,  as  Winckler  proposes, 
to  prepare  hydrocyanic  acid  from  ferrocyanoret  of  potassium  and  sulphuric 
add  (page  269),  and  to  agitate  with  peroxide  of  mercury  until  the  odour  of 
lijdroeyanic  acid  ceases. 
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Bicyanuret  of  mercury  »  eoknirless  and  inodoroiM,  hai  adingreeaU* 
metalue  Uate,  and  is  highly  poisonous.  It  dissolves  very  freely  in  hot  water, 
and  crystallizes  readily  aa  it  cools.  By  alcohol  it  is  very  sparingly  dis- 
solved. When  lieated  it  is  resolved  into  mercury  and  cyanogen.  (Page 
265.) 


SECTION  XXV. 

SILVER. 

This  metal  was  known  to  the  ancients.  It  frequently  occnn  native  in 
silver  mines,  both  massive  and  in  octohedral  or  cubic  crystals.  It  is  also 
found  in  combination  with  gold,  tellurium,  antimony,  copper,  arsenic,  and 
sulphur.  In  tlie  state  of  solphuret  it  so  frequently  accompanies  galena,  that 
the  lead  of  commerce  is  rarely  quite  free  from  traces  of  silver. 

Silver  is  extracted  from  its  ores  bv  two  processes  which  are  essentially 
distinct;  one  of  them  being  contrived  to  separate  it  from  lead,  the  other, 
the  process  by  amalgamation,  being  especially  adapted  to  those  ores  which 
are  free  from  lead.  The  principle  of  its  separation  from  lead  is  founded  on 
the  different  oxidability  of  lead  and  silver,  and  on  the  ready  fusibility  of 
litharge.  The  lead  obtained  from  those  kinds  of  galena  which  are  rich  in 
sulphuret  of  silver  is  kept  at  a  red  heat  in  a  flat  nimace,  with  a  draught  of 
air  constantly  playing  on  its  surface :  the  lead  is  thus  rapidly  oxidised ;  and 
as  the  oxide,  at  the  moment  of  its  formation,  is  fbsed,  and  runs  off  through 
an  aperture  in  the  side  of  the  furnace,  the  production  of  litharge  ^oes  on 
uninterruptedly  until  all  the  lead  is  removed.  The  button  of  silver  is  again 
flised  in  a  smaller  furnace,  resting  on  a  porous  earthen  dish,  made  with 
lixiviated  wood-ashes,  called  a  tett,  the  porosity  of  which  is  so  great,  that  it 
absorbs  any  remaining  portions  of  litharge  which  may  be  formed  on  the 
silver. 

The  ores  commonly  employed  in  the  process  of  amalgamation,  which  has 
been  long  used  at  freyberg  in  Saxony,  and  is  extensively  practised  in  the 
silver  and  gold  mines  of  South  America,  are  native  silver  and  its  sulphuret. 
At  Freyberg  the  ore  in  fine  powder  is  mixed  with  sea-salt,  and  carefully 
roasted  in  a  reverberatory  furnace.  The  production  of  sulphuric  acid  leads 
to  the  formation  of  sulphate  of  soda,  while  the  chlorine  of  the  sea-salt  com- 
bines  with  silver.  The  roasted  mass  is  ground  to  a  fine  powder,  and,  to- 
gether with  mercury,  water,  and  fragments  of  iron,  is  put  into  barrels,  which 
are  made  to  revolve  by  machinery.  In  this  operation,  intended  to  insure 
perfect  contact  between  the  materials,  chloride  of  silver  is  decomposed  by  the 
iron,  the  silver  unites  with  the  mercury,  and  the  chloride  of  iron  is  dissolved 
by  the  water.  The  mercury  is  then  squeezed  through  leathern  bags,  the 
pores  of  which  permit  the  pure  mercury  to  pass,  but  retain  the  amalgam  of 
silver.  The  combined  mercury  is  then  distilled  off  in  close  vessels,  and  the 
metals  obtained  in  a  separate  state. 

Goldsmith's  silver  commonly  contains  copper  and  traces  of  gold,  the 
latter  appcarinjp  in  dark  flocks  when  the  metal  is  dissolved  in  nitric  acid. 
It  may  be  obtamed  pure  for  chemical  uses  by  placing  a  clean  piece  of  copper 
in  a  solution  of  nitrate  of  oxide  of  silver,  washing  the  precipitate  with  pure 
water,  and  then  digesting  it  in  ammonia,  in  order  to  remove  any  adhering 
copper.  A  better  process  is  to  decompose  chloride  of  silver  by  means  m 
carbonate  of  potassa.  For  this  purpose  precipitate  a  scrfution  of  nitrate  of 
oxide  of  silver  with  chloride  of  sodium,  wash  the  precipitate  with  water, 
and  dry  it  Then  put  twice  its  weicfht  of  carbonate  of  potassa  into  a  clean 
Hessian  or  black-lead  crucible,  heat  it  to  redness,  and  throw  the  chloride  by 
successive  portions  into  the  fused  alkali.  Eiforvescenoe  takes  place  from 
the  evolution  of  carbonic  acid  and  oxygen  gases,  chloride  of  potassium  is 
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generated,  and  metallic  silver  subsides  to  the  bottom.  The  pure  metal  majr 
be  granulated  by  pouring  it  while  fused  from  a  height  of  seven  or  eight  feet 
into  a  vessel  of  water. 

Silver  has  the  clearest  white  colour  of  all  the  metals,  and  is  susceptible  of 
receiving  a  lustre  surpassed  only  by  polished  steeL  In  malleability  and 
ductility  it  is  inferior  only  to  gold,  and  its  tenacity  is  considerable.  It  i» 
Yery  soft  When  pure,  so  that  it  may  be  cut  with  a  knife.  Its  density  after 
being  hammered  is  10.51.  At  a  fhll  red  heat,  corresponding  to  1873^  Fn 
according  to  Mr»  Daniell,  it  enters  into  fusion. 

Pure  silver  does  not  rust  by  exposure  to  air  and  moisture.  When  fused 
in  open  vessels  it  absorbs  oxygen  in  considerable  quantity,  amounting  some- 
times to  22  times  its  volume  ;  but  it  i>arts  with  the  whole  of  it  in  the  act  of 
becoming  solid.  This  fact,  first  noticed  by  M.  Lucas,  has  been  studied  hj 
Gay-Lussac,  who  attributes  to  it  the  j)ecuUarly  beautiful  aspect  of  granulated 
silver :  he  observed  the  absorption  and  subsequent  evolution  of  oxygen  to 
be  most  abundant  in  the  purest  silver,  and  is  entirely  prevented  by  a  very 
small  per-centage  of  copper.  If  silver  is  heated  to  redness,  without  fusing, 
in  contact  with  glass  or  porcelain,  it  readily  absorbs  oxygen,  and  the  oxide 
fuses  witli  the  earthy  matters,  forming  a  yellow  enamel.  When  silver  in  the  ^ 
form  of  leaves  or  fine  wire  is  intensely  heated  by  means  of  electricity,  galva- 
nism, or  the  ox-hydrogen  blowpipe,  it  burns  with  vivid  scintillations  of  a 
greenish-white  colour. 

The  only  pure  acids  that  act  on  silver  are  the  sulphuric  and  nitric  acids, 
by  both  of  which  it  is  oxidized,  forming  with  the  first  a  sulphate,  and  with 
the  second  a  nitrate  of  oxide  of  silver.  It  is  not  attacked  by  sulphuric  acid 
unless  by  the  aid  of  heat.  Nitric  acid  is  its  proper  solvent,  and  forms  with 
its  oxide  a  salt,  which,  after  fusion,  is  known  by  the  name  of  lunar  caustic. 

From  recent  experiments  on  the  composition  of  the  chloride  and  nitrate  of 
the  oxide  of  silver,  I  have  deduced  108  as  the  equivalent  of  silver,  an  estimate 
closely  corresponding  with  the  previous  researches  of  Berzelius.  (Phil. 
Trans.  1833,  part  ii.)  The  compounds  of  silver  described  in  this  section  are 
thus  constituted : — 


Equiv. 


Formulas. 


leq.=116        AgJ-OorAg. 
leq.=  143.42   Ag+Cl  or  AeCI. 
I  eq.=234.3     Ag  -jl  I  or  Agl. 
1  eq.:=  124.1      Ag + S  or  AgS. 
leq.=:  134.39    Ag^-Cy  or  AgCy. 


Silver. 

Oxide  108  1  eq.  4.  Oxygen         8 

Chloride  108  1  eq.  4- Chlorine     35.42 

Iodide  108  1  eq.Jf.  Iodine       126.3 

Sulphuret  108  1  eq.  +  Sulphur      l(>.l 

Cyanuret  108  1  eq.  4- Cyanogen  26.39 

Oxide  9f  Silver 4 — This  oxide  is  best  procured,  by  mixing  a  solution  of  pure 
baryta  with  nitrate  of  oxide  of  silver  dissolved  in  water.  It  is  of  a  brown 
colour,  insoluble  in  water^  and  is  completely  reduced  by  a  red  heat. 

Silver  is  separated  from  its  solution  in  nitric  acid  by  pure  alkalies  and  al- 
kaline earths  as  the  brown  oxide,  which  is  redissolved  bj  ammonia  in 
excess ;  by  alkaline  carbonates  as  a  white  carbonate,  which  is  soluble  in  an 
excess  of  carbonate  of  ammonia  ;  as  a  dark  brown  sulphuret  by  bydroeul- 
phuric  acid ;  and  as  a  white  curdy  chloride  of  silver,  which  is  turned  violet 
by  li^ht  and  is  verv  soluble  in  ammonia,  by  hydrochloric  acid  or  any  soluble 
chloride.  By  the  last  cluiractcr,.  silver  may  be  both  distinguished  and  sepa- 
rated from  other  metallic  bodies. 

Silver  is  precipitated  in  the  metallic  state  by  most  other  metals.  When 
mercury  is  employed  for  this  purpose,  the  silver  assumes  a  beautiful  arboreii^ 
cent  appearance,  called  arhor  DiatuB.  A  very  good  proportion  for  the  expe- 
riment is  twenty  grains  of  lunar  caustic  to  six  drachms  or  an  ounce  of  water*. 
The  silver  thus  deposited  always  contains  mercury. 

When  oxide  of  silver,  recently  precipitated  by  baryta  or  lime-water,  an4 
separated  from  adhering  moisture  by  bibulous  paper,  is  left  in  contact  for  ten 
or  twelve  hours  with  a  str<Hig  solution  of  ammonia,  the  greater  part  of  it  is 
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disioked ;  bat  a  Uick  powder  remaios  which  detonates  Tiolentlj  firom  beat  or 
percussion.  This  substance,  which  was  discovered  bj  Berthollet,  (An«  d* 
Chimie,  L)  appears  to  be  a  compound  of  ammonia  and  oxide  of  silver ;  for 
the  products  of  its  detonation  are  metallic  silver,  water,  and  nitrogen  gtm. 
It  should  be  made  in  verj  small  quantity  at  a  time,  and  dried  spontaneously 
in  the  air. 

On  exposing  a  solution  of  oxide  of  silver  in  ammonia  to  the  air,  its  surlaec 
becomes  covered  with  a  pellicle,  which  Faradaj  considers  to  be  an  oxide 
containing  a  smaller  proportion  of  oxygen  than  that  just  described.  Tliis 
opinion  he  has  made  highly  probable;  but  further  experiments  are  requisite 
before  the  existence  of  this  oxide  can  be  regarded  as  certain. 

Cldonde  of  SUoer. — ^This  compound,  which  sometimes  occurs  in  silver 
mines,  is  always  generated  when  silver  is  heated  in  chlorine  gas,  and  may 
be  prepared  conveniently  by  mixing  hydrochloric  acid,  or  any  soluble  chlo- 
ride, with  a  solution  of  nitrate  of  oxide  of  silver.  As  formed  by  precipitation 
it  is  quite  white ;  but  by  exposure  to  the  direct  solar  rays  it  becomes  violet, 
and  almost  black,  in  the  coarse  of  a  few  minutes ;  and  a  similar  effect  b 
slowly  produced  by  diffused  day-light  Hydrochloric  acid  is  set  free  during 
this  change,  and,  according  to  Berthollet,  the  dark  colour  is  owing  to  separa- 
tion of  oxide  of  silver.  (Statique  Cliimique,  vol.  L  p.  195.) 

Chloride  of  silver,  sometiipes  called  horn  stiver,  is  insoluble  in  water,  and 
is  dissolved  very  sparingly  by  the  strongest  acids ;  but  it  is  soluble  in  am- 
monia.  Hypoeulphurous  acid  likewise  dissolves  it  At  a  temperature  of 
about  500^  it  fuses,  and  forms  a  semi-transparent  horny  mass  on  cooling, 
which  has  a  density  of  5.524.  It  bears  any  degree  of  heat,  or  even  the  com- 
bined  action  of  pure  charcoal  and  heat,  without  decomposition ;  but  hydrogen 
gas  decomposes  it  readily  with  formation  of  hydrochloric  acid. 

Iodide  of  Silver. — This  compound  is  formed  when  iodide  of  potassium  is 
mixed  with  a  solution  of  nitrate  of  oxide  of  silver.  It  is  of  a  greenish-yel- 
low colour,  and  is  insoluble  in  water  and  ammonia. 

Cyanuret  of  Silver  is  formed  by  mixing  hydrocyanic  acid  with  nitrate  of 
oxide  of  silver,  it  is  a  white  curdy  substance,  similar  in  appearance  to 
chloride  of  silver,  insoluble  in  water,  but  soluble  in  a  solution  of  ammonia 
and  in  hot  nitric  acid.  It  is  decomposed  by  hydrodiloric  acid  with  forma- 
tion of  hydrocyanic  acid  and  chloride  of  silver. 

Sulphuret  of  SUver, — Silver  has  a  strong  affinity  for  sulphur.  This  metal 
tarnishes  rapidly  when  exposed  to  an  atmosphere  containing  hydrosolphuric 
acid  gas,  owing  to  the  formation  of  a  sulphuret  On  transmitting  a  current 
of  this  gas  through  a  solution  of  lunar  caustic,  a  dark  brown  precipitate  sub- 
sides, which  is  a  sulphuret  of  silver.  The  silver  glance  of  mineralogists  is 
a  similar  compound,  and  the  same  sulphuret  may  be  prepared  by  heating 
thin  plates  of  silver  with  alternate  layers  of  sulphur.  This  sulphuret  is 
remarkable  for  being  sofl  and  even  malleable. 

Silver  unites  also  by  the  aid  of  heat  with  phosphorus,  forming  a  soft, 
brittle,  crystalline  compound. 


SECTION  XXVI. 


GOLD. 


Gold  appears  to  have  been  known  to  the  earliest  races  of  man,  and  to 
have  been  esteemed  by  them  as  much  as  by  the  modems.  It  has  hitherto 
been  found  only  in  the  metallic  state,  either  pure  or  in  combination  with 
other  metals.  It  occurs  massive,  capillary,  in  grains,  and  crystallizes  in 
octohedrons  and  cubes,  or  their  allied  forms.    It  is  sometimes  found  in 
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primary  moimtains ;  but  more  frequently  in  alloviaf  depoaitions,  especially 
among  sand  in  the  beds  of  rivers,  haTing  been  washed  by  water  out  of  dia- 
integfrated  rocks  in  which  it  originally  existed.  There  are  few  countries  in 
which  gold  washings  have  not  formerly  existed ;  but  the  principal  supply  of 
gold  is  from  South  America,  from  the  gold  mines  of  Hungary,  and  from  the 
Uralian  mountains  of  Siberia,  especially  on  the  Asiatic  side  of  the  chain, 
where  separate  masses  in  sand  have  been  found  weighing  lb  or  20  pounds. 
Rich  depositee  of  gold  appear  also  to  exist  in  some  ox  the  southern  provinces 
of  North  America.  Gold  is  generally  separated  from  accompanying  impu. 
rities  by  the  process  of  amalgamation,  similar  to  that  described  in  the  last 
•edion ;  by  which  means  it  is  freed  from  iron  and  all  associated  metals, 
excepting  silver.  In  Hungary  the  gold  is  purified  by  cupdlation.  The 
silver,  which  in  variable  quantity  is  present  in  native  gold,  may  be  brought 
into  view  by  dissolving  the  prold  in  nitro-hydrochloric  acid.  The  best  mode 
of  separation  consists  in  fusing  the  gold  with  so  much  silver  that  the  former 
may  constitute  one-fourlh  of  Uie  mass :  nitric  acid  will  then  dissolve  all  the 
nlver,  and  leave  the  gold.  The  silver  may  also  be  removed  by  digestion  in 
sulphuric  acid. 

Gold  is  the  only  metal  which  has  a  yellow  colour,  a  character  by  whioh 
it  is  distinguished  from  all  other  simple  metallic  bodies.  It  is  capable  of 
receiving  a  nigh  lustre  by  polishing,  but  is  inferior  in  brilliancy  to  steel,  silver, 
and  mercury.  In  ductility  and  malleability  it  exceeds  all  other  metaJs;  but 
it  is  surpassed  by  several  in  tenacity.  Its  density  is  19.257;  when  pure  it 
is  exceedingly  sofl  and  flexible ;  and  it  fuses  according  to  Mr.  Daniell  at 
2016O  F. 

Gold  may  be  exposed  for  ages  to  air  and  moisture  without  change,  nor  is 
it  oxidized  by  being  kept  in  a  state  of  fusion  in  open  vessels.  When  in- 
tensely ignited  by  means  of  electricity  or  the  oxy-hydrogen  blowpipe,  it 
burns  wim  a  greenish-blue  flame,  and  is  dissipated  in  the  rorm  of  a  purple 
powder,  which  is  supposed  to  be  an  oxide. 

Gold  is  not  oxidized  or  dissolved  by  any  of  the  pure  acids ;  for  it  may  be 
boiled  even  in  nitric  acid  without  undergoing  any  change.  Its  best  solvents 
are  chlorine  and  nitro-hydroehloric  acid ;  and  it  appears  from  the  observa- 
tions of  Davy  that  chlorine  is  the  agent  in  both  cases,  since  nitro-hydro- 
chloric  acid  does  not  dissolve  gold,  except  when  it  gives  rise  to  the  formation 
of  chlorine.  (Page  215.)  It  is  to  be  inferred,  therefore,  that  the  chlorine 
unites  directly  with  the  gold. 

The  most  convenient  method  of  dissolving  it,  is  to  digest  fragments  of  the 
metal  in  a  mixture  composed  of  two  measures  of  hydrochloric  and  one  of 
nitric  acid,  until  the  acid  is  saturated.  The  excess  of  acid  is  then  expelled 
by  evaporating  the  orange-coloured  solution  until  a  ruby-red  liquid  remains, 
which  is  the  neutral  terchloride  of  gold.  On  adding  water,  the  chloride  is 
dissolved,  forming  a  solution  of  a  gold-yellow  colour. 

The  equivalent  of  gold,  estimated  from  the  analysis  of  the  terchloride  by 
Berzelius,  is  199.2.  The  composition  of  its  compounds  described  in  this  sec- 
tion is  as  follows : — 

I  eq.  Grold.  Equiv.  Formule. 

Protoxide        199.2  4.  Oxygen     8       1  eq.s207i2    Au4.0orAu. 

Binoxide  199.2  .f  do.  16      2  eq.»215.2    Au.f20orAu. 

Peroxide  199.2.fdo.  24      3  eq.ss223.2    An.f30orAu. 

Protochkride  199.2 4- Chlorine  35.42  1  eq.=234.62  Au+a  or  AuCl. 
Terchloride     199.2  4. do.         106.26  3  eq.s305.46  Au  4. 3C1  or  AuC13. 
Tersulphuret  199.2 -f  Sulphur   48.3    3  eq.»247.5    Au+dS  or  AuS3. 

Protoxide  of  Gold. — ^It  is  obtained  by  the  action  of  a  cold  solution  of 
potassa  on  the  protochloride  of  gold,  and  is  separated  as  a  green  precipitate. 
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whidi  IS  partuBy  Mlable  in  the  alkaline  lolotioii.  It  ipontaneoatly  duiigea 
•oon  after  its  preparation  into  metallic  gold  and  the  peroxide. 

The  bintxide  is  supposed  to  be  the  purple  oxide  which  is  formed  by  the 
combustion  of  gold :  but  its  composition  has  not  been  demonstrated  by  ana- 
lysis. 

Peroxide. — ^This,  the  only  well-known  oxide  of  gold,  is  prepared  by  the  ae- 
t^n  of  alkalies  on  the  terchloride,  but  is  obtained  quite  pure  with  difficulty. 
Pelletier  recommends  that  it  should  be  formed  by  digestin^r  a  solution  of  the 
lerehloride  with  pure  magnesia,  washing  the  precipitate  with  water,  and  re- 
moring  the  excess  of  magnesia  by  dilute  nitric  acid.  It  is  apt,^  however,  to 
retain  magnesia,  and  I  am  informed  by  Dr.  Wagner,  of  Pesth  in  Hungary, 
that  the  most  certain  mode  of  procuring  the  peroxide  is  the  following.  Dis- 
solve 1  part  of  gold  in  the  usual  way,  render  it  quite  neutral  by  evaporation, 
and  redissolve  in  12  parts  of  water :  to  the  solution  add  1  part  of  carbonate 
of  potassa  dissolved  in  twice  its  weight  of  water,  and  digest  at  about  ITO^. 
CSarbonic  acid  gradually  escapes,  and  the  hydrated  peroxide  of  a  brovi^ish- 
red  colour  subsides.  Af\cr  being  well  washed  it  is  dissolved  in  colourless 
nitric  acid  of  specific  gravity  1.4,  and  the  solution  decomposed  by  admixture 
with  water.  The  hydrated  peroxide  is  thus  obtained  quite  pure,  and  is  ren- 
dered anhydrous  by  a  temperature  of  212^^  F. 

Peroxide  of  gold  is  yellow  in  the  state  of  hydrate,  and  nearly  black  when 
anhydrous,  is  insoluble  in  water,  and  completely  decomposed  by  solar  light 
or  a  red  heat  Hydrochloric  acid  dissolves  it  readily,  yielding  the  common 
solutions  of  gold ;  but  it  forms  no  definite  compound  with  any  acid  which 
oontains  oxygen.  It  may  indeed  be  dissolved  by  nitric  and  sulphuric  acids; 
but  the  affinity  is  so  slight  that  the  oxide  is  precipitated  by  the  addition  of 
water.  It  combines,  on  the  contrary,  with  alkaline  bases,  such  as  potassa 
and  baryta,  apparently  forming  regular  salts,  in  which  it  acts  the  part  of  a 
weak  acid.  This  property,  which  constitutes  the  difficulty  of  procuring  per- 
oxide  of  gold  quite  pure,  induced  Pelletief  to  deny  that  the  peroxide  of  gold 
is  a  salifiable  base,  and  to  propose  for  it  the  name  of  auric  acid,  its  com- 
pounds with  alkalies  being  called  awrates.    (An.  de  Ch.  et  de  Ph.  xv.) 

When  recently  precipitated  peroxide  of  gold  is  kept  in  strong  ammonia 
lor  about  a  day,  a  detonating  compound  of  a  deep  olive  colour  u  generated, 
analogous  to  the  fulminating  silver  described  in  the  last  section.  According 
to  the  analysis  of  Dumas,  its  elements  are  in  the  ratio  of  one  equivalent  of 

£dd,  two  of  nitrogen,  six  of  hydrogen,  and  three  of  oxygen,  as  expressed  by 
e  symbob  Au-f  2N4.6H+3O.     With  regard  to  the  mode  in  which  these 
elements  are  armnged,  different  opinions  may  be  formed.  Dumas  thinks  the 

real  combination  is  indicated  by  the  formula  (Au-f- "^^ -f-C-^^+^O+^^v 
being  a  hydrated  nituret  of  gold  united  with  ammonia ;  but  it  appears  more 
iimple  to  consider  it  as  a  diaurate  of  ammonia,  expressed  by  the  formula 

S(3H4-^)+^(3*  ^^  detonation  should  give  rise  to  metaliic  gold,  water, 
nitrogen,  and  ammonia.  A  similar  compound  is  obtained,  and  this  is  the 
ordinary  mode  of  procuring  fulminating  gold,  by  digesting  terchloride  of 
gold  with  an  excess  of  ammonia :  a  yellow  precipitate  subsides,  the  fulminat- 
ing ingredient  of  which  appears  identical  with  that  above  described ;  but  a 
Bubchloridc  of  gold  and  ammonia  falls  at  the  same  time,  and  adheres  so 
obstinately  that  it  cannot  be  wholly  removed  by  boiling  water.  Fulminat- 
ing  gold  may  be  dried  at  212o ;  but  friction,  or  a  heat  suddenly  raised  to 
about  290o  or  upwards,  produces  a  violent  detonation.  It  is  best  to  make  it 
in  small  quantities  at  a  time,  and  to  dry  it  in  the  open  air.  (An.  de  Ch.  et 
dePh.xliv.  167.) 

Ctdoridea  of  OM,  On  concentrating  the  solution  of  gold  to  a  sufficient 
extent  by  evaporation,  the  tereMoride  may  be  obtained  in  ruby-red  prismatic 
crystals,  which  are  very  fusible.  It  deliquesces  on  exposure  to  the  air,  and 
is  dissolved  readily  by  water  without  residue.  It  is  also  soluble  in  alcohol 
and  ether;  and  the  latter  withdraws  it  from  the  aqueous  solution.    It  begins 
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to  lose  chlorine  at  a  temperature  of  about  400^,  being  changed  into  a  iHrown 
dry  ma«s,  which  i«  a  mixture  of  the  proioehloride  and  tercMoride,  soluble  in 
water.  At  about  600^  the  terchloride  is  completely  resolved  into  the  yellow 
insoluble  prototshloride,  which  by  boiling  in  water  is  changed  into  metallio 
gold  and  the  soluble  terchloride.  At  a  red  heat  the  protochloride  loses  its 
chlorine  altogether,  and  metallic  gold  remains. 

The  terchloride  of  gold,  is  the  usual  and  most  convenient  form  of  obtain- 
ing a  solution  of  gold,  and  examining  its  properties  in  that  state.  On  adding 
to  the  solution  sulphate  of  protoxide  of  iron,  a  brown  precipitate  ensues^ 
which  is  gold  in  very  fine  division,  and  the  solution  contains  sesquisulphata 
of  peroxide,  and  perchloride  of  iron.    The  action  is  such  that 

6  eq.  sulphate  of  protoxide  of  iron  6(Fe4-S) 

and  1  eq.  terchloride  of  gold  Au-(-3Cl 

yield 

2  eq.  tersulphate  of  peroxide  of  iron  2(Fe4-3S) 

1  eq.  perchloride  of  iron  2Fe-4-3CL 

and  1  eq.  gold  Au. 

The  precipitate,  when  duly  washed  with  dilute  hydrochloric  acid  in  order 
to  separate  adhering  iron,  is  gold  in  a  state  of  prefect  purity.  A  similar 
reduction  is  effected  by  most  of  the  metals,  and  by  sulphurous  and  phospho- 
rous acids,  and  by  oxalic  acid  with  escape  of  carbonic  acid  gas.  When  a 
piece  of  charcoal  is  immersed  in  a  solution  of  gold,  and  exposed  to  the 
direct  solar  rays,  its  surface  acquires  a  coating  of  metallic  gold,  and  ribands 
may  be  gilded  by  moistening  them  with  a  dilute  solution  of  gold,  and  ex- 
posmg  them  to  a  current  of  hydrogen  or  phosphuretted  hydrogen  gas* 
When  a  strong  aqueous  solution  of  gold  is  shaken  in  a  phial  with  an  equal 
folnme  of  pure  ether,  two  fluids  result,  the  lighter  of  which  is  an  ethereal 
sohition  of  gold.  From  this  liquid  flakes  of  metal  are  deposited  on  standing, 
especially  by  exposure  to  light,  and  substances  moistened  with  it  receive  a 
coating  of  metallic  gold.*  The  reduction  in  most  of  these  instances  is 
owing  to  the  chlorine  quitting  the  gold  in  obedience  to  some  stronger 
attraction :  metals  deprive  it  directly  of  its  chlorine ;  and  deoxidizing  agents 
do  so  indirectly  by  combining  with  the  oxygen  of  water,  while  the  hydro- 
gen acts  on  the  chlorine. 

When  protochloride  of  tin  is  added  to  a  dilute  aqueous  solution  of  gold^  a 
purple-coloured  precipitate,  called  the  purpUof  CuMtus,  is  thrown  down; 
and  the  same  substance  may  be  prepared  by  fusing  together  150  parts  of 
silver,  20  of  gold,  and  35.1  of  tin,  and  acting  on  the  alloy  with  nitric  acid, 
which  dissolves  out  the  silver  and  leaves  a  purple  residue,  containing  th« 
tin  and  gold  which  were  employed.  To  prevent  the  oxidation  of  the  tin 
during  fusion,  the  three  metals  should  be  projected  into  a  red-hot  black-lead 
crucible,  which  contains  a  little  melted  borax.  When  the  powder  of  Cassius 
is  fused  with  vitreous  substances,  such  as  flint-glass,  or  a  mixture  of  sand 
and  borax,  it  forms  with  thenr  a  purple  enamel,  which  is  employed  in  giving 
pink  colours  to  porcelain.  The  essential  cause  of  the  colour  is  probably  a 
compound  of  the  purple  or  suppoMxl  binoxide  of  jrold  with  earthy  matters, 
similar  to  the  enamel  formed  by  glass  and  oxide  of  silver :  the  oxide  of  tin  is 
not  essential,  since  finely  divided  metallic  gold  alone  will  give  the  same  tint 
of  purple. 

The  chemical  nature  of  the  purple  of  Cassius  is  very  obscure.  From  its 
formation  by  protochloride  of  tin,  it  is  inferred  to  contain  peroxide  of  tin, 
and  gold  either  in  the  metallic  state  or  oxidized  to  a  degree  inferior  to  the 
peroxide.    According  to  Berzelius,  its  solo  loss  when  heated  to  redness  i« 


*  With  respect  to  the  revival  of  gold  from  its  solutions,  the  reader  may 
consult  an  Essay  on  Combustion  by  Mrs.  Fulhame,  and  a  paper  by  Count 
Rumford  in  the  Philosophical  Transactions  for  1798. 
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7.65  per  cent  of  water,  and  the  residue  hai  a  brick-red  colour  arisinf  from 
a  mechanical  mixture  <rf'metaUic  gold  and  peroxide  of  tin,  a  statement  which  is 
confirmed  by  Gay-Lussac  (An.  de  Ch.  et  de  Ph.  xlix.  396.)  The  proportion  of 
theee  products  corresponds  to  six  equivalents  of  peroxide  of  tin,  one  of  fold, 
and  six  of  water.  Nevertheless,  the  purple  of  Cassius,  as  is  indicated  both 
bjr  its  colour  and  its  solubility  in  ammonia,  is  not  a  mechanical  mixture  of 
these  ingredients ;  nor  can  it  well  be  regarded  as  a  chemical  compound  of 
gold  and  peroxide  of  tin,  since  no  definite  compound  of  the  kind  is  known  to 
ebemists.  The  more  probable  supposition  is,  that  it  is  a  hydrated  double  salt, 
composed  of  peroxide  of  tin  as  the  add,  united  with  protoxide  of  tin  and 
binoxide  of  gold  as  bases,  in  such  proportion  that  the  oxygen  of  the  gold 
exactly  suffices  to  convert  the  protoxide  into  peroxide  of  tin.    A  compound 

of  this  nature  is  expressed  by  the  formula  2(Sn4.8n)^(Au4.Sn).f  6H. 

Tertulphuret  of  Gold. — On  transmitting  a  current  of  bydrosulpburic  acid 
gas  through  a  solution  of  gold,  a  black  precipitate  is  formed,  which  is  the 
tersulphuret     It  is  resolved  by  a  red  heat  into  gold  and  sulphur. 

The  compounds  of  gold  with  the  other  Qon-metallic  bodies  have  been  little 
examined. 


SECTION  XXVII. 

PLATINUM. 

^  This  valuable  metal  occurs  only  in  the  metallic  state,  associated  or  cooi<- 
hined  with  various  other  metals,  such  as  copper,  iron,  lead,  titanium,  chro- 
mium, gold,  silver,  palladium,  rhodium,  osmium,  and  iridium.  It  has 
hitherto  been  found  chiefly  in  Brazil,  Peru,  and  other  parts  of  South 
America,  in  the  form  of  rounded  or  flattened  grains  of  a  metallic  lustre  and 
white  colour,  mixed  with  sand  and  other  alluvial  depositions.  The  particles 
rarely  occur  so  large  as  a  pea ;  but  they  are  sometimes  larger,  and  a  speci- 
men brought  from  South  America  by  Humboldt  was  rather  larger  than  a 
pigeon's  egg^  and  weighed  1088.6  grains.  In  the  year  1836,  however, 
Boussingault  discovered  it  in  a  syenitic  rock  in  the  province  of  Antioquia  in 
South  America,  where  it  occurs  in  veins  associated  with  arold.  Rich  mines 
of  gold  and  platinum  have  also  been  discovered  in  the  Uralian  Mountains. 
(Edinburgh  Journal  of  Science,  v.  323.) 

Pure  platinum  has  a  white  colour  very  much  like  silver,  but  of  inferior 
lustre.  It  is  the  heaviest  of  known  metals,  its  density  after  forging  being 
about  21.25,  and  21 JK  in  the  state  of  wire.  Its  malleabilltv  is  considerable, 
though  far  less  than  that  of  gold  and  silver.  It  may  be  drawn  into  wires, 
the  diameter  of  which  doe5  not  exceed  the  2000th  part  of  an  inch.  It  is  a 
•oft  metal,  and  like  iron  admits  of  being  welded  at  a  high  temperature.  Dr. 
Wollaston*  observed  that  it  is  a  less  perfect  conductor  of  heat  than  several  ' 
other  metals. 

Platinum  undergoes  no  change  from  the  combined  agency  of  air  and 
moisture;  and  it  may  be  exposed  to  the  strongest  heat  of  a  smith's  forge 

•  The  reader  will  find,  in  the  Philosophical  Transactions  for  1829,  some 
important  directions  by  Dr.  Wollaston,  both  as  to  the  mode  of  extracting 
platinum  from  its  ores,  and  of  communicating  to  the  pure  metal  its  highest 
degree  of  malleability.  The  essay  receives  additional  interest,  from  being 
one  of  those  which  were  composed  during  the  last  illness  of  this  trnlv  iUas* 
trious  philoaojAer, 
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Without  mi^riiiiif  either  oxidation  or  fbtion.  On  heatin|f  a  email  wire  of  it 
hj  means  of  galvaniBm  or  the  ozy-hydrogen  blowpipe,  it  ie  fused,  and  after- 
wards  bams  with  the  emission  of  sparlcs.  Smitbson  Tennant  showed  that  it 
is  oxidized  when  ignited  with  nitre  (Philoe.  Trans.  1797);  and  a  similar 
efiect  is  occasioned  by  pure  potassa  and  lithia.  I^  is  not  attacked  by  any 
of  the  pure  adds.  Its  solvents  are  chlorine,  or  solutions,  such  as  nitro-hy- 
(h-ochloric  acid,  which  supply  chlorine;  and  it  is  dissolved  with  greater 
difficulty  than  gold. 

The  remarkable  property  observed  by  Dobereiner  in  spongy  platinum  of 
causing  the  union  of  oxygen  and  hydrogen  gases,  was  mentioned  at  page 
159,  a  property  which  Dulong  and  Thenard  showed  to  be  also  possessed, 
though  in  a  lower  degree,  by  platinum  in  its  compact  form  of  wire  or  foil, 
and  by  several  other  metals.  (An.  de  Ch.  et  de  Ph.  xxiii.  and  xxiv.)  Faraday 
(Phil.  Trans.  1834,  part  1.)  has  lately  discussed,  with  his  wonted  abilitj^  and 
success,  both  the  conditions  required  for  the  effective  action  of  platinum, 
and  the  cause  of  the  phenomenon.  The  sole  conditions  are  purity  of  the 
gases,  and  perfect  cleanliness  of  the  platinum.  By  cleanlinesa  is  meant 
perfect  absence  of  fbreigfn  matter,  pure  water  excepted,  and  this  condition  is 
easily  secured  by  fusing  pure  potassa  on  its  surface,  washing  off*  the  alkali 
by  pure  water,  then  dipping  the  platinum  in  hot  oil  of  vitriol,  and  again 
washing  with  water.  In  this  state  platinum  foil  acts  so  rapidly  at  common 
temperatures  on  oxygen  and  hydrogen  gases  mixed  in  the  ratio  of  1  to  9, 
that  it  often  becomes  red-hot  and  kindles  the  mixture.  Handling  the  pla- 
tinum, wiping  it  with  a  towel,  or  exposing  it  to  the  atmosphere  for  a  few 
days,  suffices  to  soil  the  surface  of  the  metal,  and  thereby  diminish  or  pre- 
vent its  action.  These  phenomena  are  supposed  to  result  from  the  concur- 
ring influence  of  two  forces,  the  self.repulsive  energy  of  similar  gaseous 
particles,  and  the  adhesive  attraction  exerted  between  tnem  and  the  platinum. 
£ach  gss,  repulsive  to  itself  and  not  repelled  by  the  platinum,  comes  into 
the  most  intimate  contact  with  that  metal,  and  both  gases  are  so  condensed 
upon-  its  surface,  that  they  are  brought  within  the  sphere  of  their  mutual 
attraction  and  combine.  Faraday  has  given  several  instances,  similar  to 
those  which  I  had  occasion  to  describe  some  years  ago  (Jameson^s  Journal, 
xi.  99  and  311),  where  the  action  of  platinum  is  retarded  or  altogether  pre- 
vented by  smaJl  quantities  of  certain  gases,  such  as  hydrosulphuric  add, 
carbonic  oxide,  and  defiant  gases.  One  would  be  tempted  to  suppose  that 
these  gases  act  by  soiling  the  metallic  surface,  though  in  some  respects  this 
explanation  is  not  satisfactory. 

The  equivalent  of  platinum,  deduced  by  Berzelius  from  the  analysis  of  the 
biehloride,  is  98.8.  The  composition  of  its  compounds  described  in  this 
section  is  as  follows  >— 

Platinum.  Equiv.      Formule. 

Protoxide  98.8  1  eq.-f  Oxygen      8        I  eq.=106.8    Pl+0  or  PI. 

Binoxide  98.8  1  eq.+do.  16        2  eq.:=114.8    P1+20  or  PI. 

Sesqutoxide?   197.6  2  eq.+do.  24  3  eq.=221.6    2Pl-(-30  or  R 

Protochloride    98.8  1  eq.-fChlorine  35.42  1  eq.=134.J22Pl -fCl  or  PlCl. 

Bichloride       .  98-8  1  eq+do.  70-84  2  eq.=169.64  PI+2ClorPia«. 

Protiodide          98.8  1  eq.+Iodine  126.3  1  eq.  =225.1     Pl-fl  or  PlI. 

Biniodide          98-8  1  eq.+do.  252-6  2  eq.=351.4    Pl-f2I  or  P1I«. 

Protosolphuret  98.8  1  eq.-f  Sulphur  16.1  1  eq.=114.9    Pl-fS  or  PIS. 

Bisulphuret       98.8  I  eq.+do.  32.2  2  eq.»131       Pl-f  2S  or  PIS*. 

Protoxide  of  Platinum. — ^This  oxide  is  prepared  by  diffestmg  protochloride 
of  platinum  in  a  solution  of  pure  potassa,  avoiding  a  large  excess  of  the 
alkali,  since  it  dissolves  a  portion  of  the  oxide,  and  thereby  acquires  a  green 
colour.    In  this  stats  it  is  a  Vdrate  which  loses  first  its  water  and  the-^ 
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•zygen  wImd  heated,  and  diaeolvee  slowly  in  acide,  yielding  loliitioiia  oC  a 
toowntsh-i^een  tint 

Hitioxu^.— This  oxide  jb  prepared  witli  difficulty,  owing  to  ita  dispoeitioo, 
Uke  peroxide  of  gold,  to  act  rather  aa  an  acid  than  an  alkaline  base,  and 
ehher  to  fall  in  combination  with  any  alkali  by  which  it  is  precipitated,  or 
to  remain  with  it  altogether  in  solution.  Berzelius  reconamends  that  it 
ahoald  be  prepared  by  exactly  decomposing  sulphate  of  binoxide  of  platinum 
with  nitrate  of  baryta,  and  adding  pure  soda  to  the  filtered  eolation,  so  as  to 
precipitate  about  half  of  the  oxide ;  since  otherwise,  a  sub-salt  would  subside. 
The  oxide  fiUls  in  the  form  of  a  bulky  hydrate,  of  a  yellowiah-brown  ocdoar: 
it  resembles  rust  of  iron  when  dry,  and  is  nearly  black  when  rendered  an- 
iiydrous. 

Setquioxide. — ^This  oxide,  of  a  gray  colour,  is  prepared,  according  to  its 
discoverer  Mr  E.  Davy,  by  heating  fulminating  platinum  with  nitrous  acid ; 
but  the  nature  of  the  compound  so  formed  has  not  yet  been  decisively  deter- 
mined. (Phil.  Trans.  1820.) 

Protochlonde^-When  the  bichloride  is  heated  to  450^  half  of  its  chlorine 
is  expelled,  and  the  protochloride  of  a  greenish.gray  ook)ur  remains.  It  is 
insoluble  in  water,  sulphuric  acid,  and  nitric  acid ;  but  hydrochloric  acid 
partially  dissolves  it,  yielding  a  red  solution.  At  a  red  heat  iU  chlorine  is 
driven  off,  and  metallic  platinum  is  left.  It  is  dissolved  by  a  solution  of  the 
bichloride. 

Bichloride  of  PZattaiim.— This  chloride  is  obtained  by  evaporating  the 
•olution  of  platinum  in  nitro-hydrochloric  acid  to  dryness  at  a  very  gentle 
heat,  when  it  remains  as  a  red  hydrate,  which  becomes  brown  when  its  water 
is  expelled.  It  is  deliquescent,  and  very  soluble  in  water,  alcohol,  and  ether; 
its  solution,  if  free  from  the  chlorides  of  palladium  and  iridium,  being  of  a 
pare  yellow  colour.  Its  ethereal  solution  is  decomposed  by  light,  metallic 
platinum  being  deposited. 

A  solution  of  platinum  is  recognized  by  the  following  characters.  When 
to  an  alcoholic  or  concentrated  aqueous  aolution  of  the  bichloride,  a  solution 
of  chloride  of  potassium  is  added,  a  crystalline  double  chloride  of  a  pale 
yellow  colour  subsides,  which  is  insoluble  in  alcohol,  and  sparingly  solaUe 
in  water :  at  a  red  heat  it  yields  chlorine  gas,  and  the  residue  consists  of 
metallic  platinum  and  chloride  of  potassium.  With  a  solution  of  hydro- 
chlorate  of  ammonia  a  similar  yellow  salt  falls,  which  when  ignited  leaves 
pure  platinum  in  the  form  of  a  delicate  spongy  mass,  the  power  of  which 
in  kindling  an  explosive  mixture  of  oxygen  and  hydrogen  gases  has  already 
been  mentioned. 

PnAiodide  of  Piaftnum.— Lassaigne  prepared  this  compound  by  digesting 
the  protochloride  of  platinum  in  a  rather  tdron^  solution  of  iodide  of  potas- 
sium, when  the  protiodide  gradually  appeared  m  the  form  of  a  black  powder, 
which  is  insoluble  in  water  and  alcohol.  It  is  unchanged  by  the  sulphuric, 
nitric,  and  hydrochloric  acids,  decomposed  by  the  alkahes,  and  at  a  red  heat 
gives  off  its  iodina 

Biniodide  of  Platinum, — ^Lassaigne  prepares  this  compound  by  the  action 
of  iodide  of  potassium  on  a  rather  dilute  solution  of  bichloride  of  platinum. 
At  first  the  liquid  acquires  an  oranre-red  and  then  a  claret  colour,  without 
any  precipitation ;  but  when,  the  scSution  is  boiled,  a  black  precipitate  sub- 
sides, which  should  be  washed  with  hot  water  and  dried  at  a  heat  not  ex- 
ceeding  212^.  This  biniodide  is  a  black  powder,  sometimes  crystalline,  is 
tasteless  and  inodorous,  insoluble  in  water,  and  may  be  boiled  in  water 
without  change.  By  alcohol  it  is  sparingly  dissolved,  especially  when  heat- 
ed. Acids  act  feebly  upon  it ;  but  it  is  decomposed  by  alkalies,  and  begins 
to  lose  iodine  at  270^.    (An.  de  Ch.  et  de  Ph.  li.  1 13.) 

PnOondphuret  of  PlaHnum. — It  is  formed  by  heating  in  a  retort  the 
yellow  ammoniacal  chloride  of  platinum  with  half  its  weight  of  stilphor 
until  all  the  salammoniac  and  excess  of  sulphur  are  expelled.  The  proto- 
w^huret  is  then  left  as  a  gray  powder  of  a  metallic  lustre.  It  may  also  be 
fhrmed  by  the  action  of  hydrosulphuric  acid  on  protochloride  of  platinum. 
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Permtlphmret^-^li  u  farmed  as  a  brown  precipitate,  which  becomes  black 
when  dried,  by  letting^  &11  a  solution  of  bichloride  of  platinum  drop  by  drop 
into  a  solution  of  sulphuret  of  potassium,  or  by  transmitting  hydrosulphuric 
acid  gas  into  a  solution  of  the  double  chloride  of  platinum  and  sodium. 
(Berzelius.)  It  should  be  dried  in  vacuo  by  aid  of  sulphuric  acid ;  since,  by 
exposure  to  the  air  in  a  moist  state,  sulphuric  acid  is  generated. 

Folmineting  platinum  mav  be  prepared  by  the  action  of  ammonia  in  slight 
excess  on  a  scmtion  of  sulphate  of  oxide  of  platinum.  (E.  Davy.)  It  is 
aaalogoos  to  the  detonating  compoonds  which  ammonia  forms  with  the 
oxides  of  gold  and  silver. 


SECTION  XXVIII. 

PALLADIUM,  RHODIUM,  OSMIUM,  AND  IRIDIUM. 

The  four  metals  to  be  described  in  tliis  section  are  all  contained  in  the  ore 
of  platinum,  and  have  hitherto  been  procured  in  very  small  quantity.  When 
the  ore  is  digested  in  nitro-hydrochloric  acid,  tlie  platinum,  together  with 
palladium,  rhodium,  iron,  copper,  and  lead,  is  dissolved ;  while  a  bkck  powder 
is  left  consisting  of  osmium  and  iridium. 

PALLADIUM. 

This  metal  was  discovered  in  1803  by  WoUaston  (Phil.  Trans.  1804  and 
1805).  On  adding  bicyanuret  of  mercury  dissolved  in  water  to  a  neutral  so- 
lution of  the  ore  of  platinum,  either  before  or  ader  the  separation  of  that 
metal  by  hydrochlorate  of  ammonia,  a  yellowisb.white  flocculeot  precipitate 
is  gradually  deposited,  which  is  cyanurct  of  palladium.  When  this  com- 
pound is  heated  to  redness,  the  cyanogen  is  expelled,  and  pure  palladium 
remains.  In  order  to  obtain  it  in  a  malleable  state,  the  metal  should  be 
heated  with  sulphur,  and  the  resulting  sulphuret  purified  by  cupellation  in  an 
open  crucible  with  borax  and  a  little  nitre.  It  is  then  roasted  at  a  low  red 
heat  on  a  flat  brick,  and  when  reduced  to  a  past^  consistence,  it  is  pressed 
into  a  square  or  oblong  perfectly  flat  cake.  It  is  again  to  be  roasted  very 
patiently,  at  a  low  red  neat,  until  it  becomes  spongy  on  the  surface ;  ani 
when  quite  cold,  it  is  condensed  by  frequent  tappings  with  a  light  hammer. 
By  alternate  roastings  and  tappings  the  sulphur  is  burned  off,  and  the 
metal  rendered  sufficiently  dense  to  be  laminated.  Thus  prepared  it  is 
rather  brittle  while  hot,  which  Wollaston  supposed  to  arise  from  a  small 
remnant  of  sulphur.    (Phil.  Trans.  1829,  p.  7.) 

Palladium  resembles  platinum  in  colour  and  lustre.  It  is  ductile  as  well 
as  malleable,  and  is  considerably  harder  than  platinum.  Its  specific  gravity 
varies  from  11.3  to  11.6.  In  fusibility  it  is  intermediate  between  gold  and 
platinum,  and  is  dissipated  in  sparks  when  intensely  heated  b)r  the  oxy- 
liydrogen  blowpipe.  At  a  red  heat  in  oxygen  gas,  its  surface  acquires  a  fine 
blue  colour,  owing  to  superficial  oxidation ;  but  the  increase  of  weight  is  so 
slight  as  not  to  be  appreciated. 

Palladium  is  oxidized  and  dissolved  by  nitric  acid,  and  even  the  sulphuric 
and  hydrochloric  acids  act  upon  it  by  the  aid  of  heat ;  but  its  proper  solvent 
is  nitro-hydrochloric  acid.  Its  oxide  forms  beautiful  red-coloured  salts,  from 
which  metallic  palladium  is  precipitated  by  sulphate  of  protoxide  of  iron,  and 
by  all  the  metals  described  in  the  foregoing  sections,  excepting  silver,  gold, 
and  platinum. 

From  the  analysis  by  Berzelius  of  the  double  chloride  of  palladium  and 
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potasaium  the  equivaleDt  of  palkdiiim  ia  inferred  to  be  53«3.    The  compon- 
lion  of  its  compounds  described  in  this  section  is  as  follows  :— 

Palladiam.  Eqai?.  Formnle. 

Protoxide         53.3    1  eq.+Oxyy.    8        1  eq.=  61J    Pd+O  or  Pd. 

Binoxide  53.3  1  eq.4-do.        16  2  eq«  69.3    Pd+20  or  Pd. 

Protochloride    53.3  1  eq.+Chlor.  35.43  1  eq.s=  88.72  Pd+Cl  or  Pda. 

Bichloride         53.3  1  eq.4<lo.        70.84  2  eq.s:124.14  Pd-UsClorPdCK. 

Protoeulphurct  533  1  eq.+Solph.  16.1  1  eq,=i  69.4    Pd+S  or  PdS. 

Protoxide  of  PaUadium,—ThiB  oxide  is  obtained  as  a  hydrate  of  a  deep 
brown  colour  by  decomposing  its  salts  with  an  excess  of  carbonate  of 
potassa  or  soda ;  and,  by  washmjor  and  heating  to  low  redness,  the  anhydrous 
protoxide  of  a  black  colour  is  left.  It  is  also  obtained  by  heating  the  nitrate 
at  a  low  red  heat  In  the  anhydrous  state  it  is  dissolved  with  difficulty  b^ 
acids.  When  strongly  heated  it  parts  with  its  oxygen.  Benelius  says  it 
falls  from  its  salts  on  Uie  addition  of  the  alkalies  as  a  subsalt,  which  is  dis- 
solved by  the  alkali  in  excess. 

Binoxide, — ^To  prepare  this  oxide  Berzelius  recommends  that  a  solution  of 
potassa  or  its  carbonate  in  excess  should  be  poured  by  little  and  little  on  the 
oolid  bichloride  of  palladiam  and  potassium,  and  the  materials  be  well  inter- 
mixed :  water  is  not  first  added,  because  it  decomposes  the  double  chloride ; 
and  the  alkali  is  not  added  all  at  once,  because  the  binoxide  would  then  be 
dissolved  at  first,  and  afterwards  separate  out  as  a  gelatinous  hydrate,  which 
could  not  be  purified  b^  washing.  When  prepared  with  the  foregoing  di- 
rections, the  binoxide  18  obtained  as  a  hydrate  of  a  deep  yellowuh-brown 
colour,  which  retains  a  little  potassa  in  combination ;  but  on  heating  the 
solution  to  212^,  the  alkali  is  dissolved  and  the  anhydrous  black  oxide  left 

Protochloride  of  PaUadium. — It  is  obtained  by  evaporating  to  dryness  a 
solution  of  palladium  in  nitro-hydrochloric  acid,  being  left  as  a  brown  crys- 
talline hydrate,  which  becomes  black  when  its  water  is  expelled.  It  loses  its 
chlorine  when  strongly  heated,  and  is  soluble  in  water. 

The  bichloride  is  formed  by  digesting  the  protochloride  in  nitro-hydro- 
chloric acid,  and  exists  only  in  solution,  the  colour  of  which  is  of  so  deep  a 
brown  as  to  appear  nearly  black.  It  is  readily  distinguished  from  the  proto- 
chloride by  yielding  with  chloride  of  potassium  a  double  chloride  of  a  red 
colour ;  whereas  that  formed  with  the  protochloride  is  yellow. 

ProtonJphuret  of  Palladium, — It  is  readily  formed  by  heating  the  metal 
with  sulphur,  and  is  a  fusible  brittle  compound  of  a  gray  colour. 

RHODIUM. 

This  metal  was  discovered  by  Wollaston  at  the  time  he  was  occupied  with 
the  discovery  of  palladium.  On  immersing  a  thin  plate  of  clean  iron  into 
the  solution  from  which  palladium  and  the  fifreater  part  of  the  platinum  have 
been  precipitated,  the  rhodium,  together  with  small  quantities  of  platinum, 
copper,  and  lead,  is  thrown  down  in  the  metallic  state ;  and  on  digesting  the 
precipitate  in  dilute  nitric  acid,  the  two  last  metals  are  removed.  The 
rhodium  and  platinum  are  then  dissolved  by  means  of  nitro-hydrochloric 
acid,  and  the  solution,  after  being  mixed  with  some  chloride  of  sodium,  is 
evaporated  to  dryness.  Two  double  chlorides  result,  that  of  platinum  and 
sodium,  and  of  rhodium  and  sodium,  the  former  of  which  is  soluble,  and  the 
latter  insoluble  in  alcohol;  and  they  may,  therefore,  be  separated  from  each 
other  by  this  menstruum.  The  double  chloride  of  rhodium  is  then  dissolved 
in  water,  and  metallic  rhodium  precipitated  by  insertion  of  a  rod  of  zinc. 

Rhodium,  thus  procured,  is  in  the  form  of  a  black  powder,  which  requires 
the  strongest  heat  that  can  be  produced  in  a  wind  furnace  for  fusion,  and 
when  fused  has  a  white  colour  and  metallic  lustre.  It  is  brittle,  is  extremely 
hard,  and  has  a  specific  gravity  of  about  11.  It  attracts  oxygen  at  a  red 
heat,  a  mixture  of  peroxide  and  protoxide  being  formed.    It  is  not  attack^ 
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by  anj  of  the  acids  when  in  its  pure  state ;  but  if  alloyed  with  other  metals, 
such  as  copper  or  lead,  it  is  dissolved  by  nitro-hydrochloric  acid,  a  circum- 
stance which  accounts  for  its  presence  in  the  solution  of  crude  platinum.  It 
is  oxidized  by  being  ignited  either  with  nitre,  or  bisulphate  of  potassa. 
When  heated  with  tlie  latter,  sulphurous  acid  gas  is  evolved,  and  a  double 
sulphate  of  peroxide  of  rhodium  and  potassa  is  generated,  which  dissolves 
readily  in  hot  water,  and  yields  a  yellow  solution.  The  presence  of  rhodium 
in  platinum^  iridium,  and  osmium  may  thus  be  detected,  and  by  repeated 
iusion  a  perfect  separation  be  accomplished.    (Berzelius.) 

Chemists  are  acquainted  with  two  oxides  of  rhodium.  The  protoxide  is 
black,  and  the  peroxide,  which  is  the  base  of  the  salts  of  rhodium,  is  of  a 
yellow  colour.    Most  of  its  salts  are  either  red  or  yellow. 

From  the  composition  of  the  double  chloride  of  rhodium  and  potassium 
Berzelius  considers  53J3  as  the  equivalent  of  rhodium;  and  its  compounds 
described  in  this  section  are  thus  constituted : — 

Rhodium.  Equiv.      Formulos. 

Protoxide       52i2  1  eq.+Pxygen    8       1  eq.s  60.2      R4.O  or  R. 

Peroxide      104.4  2  eq.+  do.        24       3  eq.s=:128.4    2R+30orR^ 
Protoch]oride52.2  1  eq.+Chlor.     35.42  1  eq.s=  87.62    R.faorRCL 
Perchloride  104.4  2  eq.-f-  do.      106.26  3  eq.=210.66  2R4.3ClorR«a3. 
Sulphuret     Probably  a  protosulphurct 

Oxides  cf  Rhodium, — The  first  grade  of  oxidation  has  not  yet  been  insu^ 
lated.  The  peroxide  is  generated  when  pulverulent  rhodium  is  heated  to 
redness  in  a  silver  crucible  mixed  with  hydrate  of  potassa  and  a  litUe  nitre, 
when  the  rhodium  is  oxidized  and  acquires  a  coffee-brown  cobur.  To  re- 
move the  potassa  united  with  the  peroxide,  the  mass  is  first  washed  with 
water  and  then  digested  in  hydrochloric  acid,  when  it  acquires  a  greenish- 
pfray  colour,  and  is  left  as  a  pure  hydrate  of  the  peroxide.  In  this  state  it  is 
insoluble  in  acids.  If  an  excess  of  carbonate  of  potassa  or  soda  is  added  to 
the  double  chloride  of  rhodium  and  potassium,  wad  the  solution  is  evaporated, 
a  gelatinous  hydrate  falls ;  but  on  attempting  to  dissolve  in  acid  the  potassa 
combined  with  the  peroxide,  the  latter  is  also  dissolved. 

Chhride$  of  Rhodium. — The  only  chloride  which  has  yet  been  insulated 
is  the  perchloride^  which  Berzelius  obtained  by  adding  to  a  solution  of  the 
double  chloride  of  rhodium  and  potassium,  silico-hydrofluoric  acid  as  long  as 
the  double  fluoride  of  potassium  and  silicium  was  generated,  after  which  the 
filtered  liquid  was  evaporated  to  dryness,  and  redissolved  in  water.  This 
perchloride  when  dry  has  a  dark  brown  colour,  is  uncrystalline,  and  decom- 
posed by  a  full  red  heat  into  chlorine  and  metallic  rhodium.  It  deliquesces 
in  the  air  into  a  brown  liquid,  and  its  aqueous  solution  has  a  fine  red  colour, 
whence  its  name  of  rhodium  (from  #9<for,  a  rose)  is  derived.  (An.  de  Ch.  et 
de  Ph.  xl.  51. 

Sulphuret  of  Rhodium. — It  may  be  formed  by  heating  rhodium  directly 
with  sulphur,  fuses  at  a  white  heat  without  decomposition,  and  has  a  bluish- 
gray  colour  with  a  metallic  lustre.  WoUaston  made  use  of  it  for  procuring 
the  metal  in  a  coherent  state,  in  the  same  manner  as  sulphuret  of  palladium 

OSMIUM  AND  IRIDIUM. 

These  metals  were  discovered  by  the  late  Mr.  Tennant  in  the  year  1803 
(Phil.  Trans.  1804),  and  the  discovery  of  iridium  was  made  about  the  same 
time  by  M.  Deacolils  in  France.  The  black  powder  mentioned  at  the  be- 
ffinning  of  this  section  is  a  compound  of  osmium  and  iridium,  an  alloy  which 
Wollaston  detected  in  the  form  of  flat  white  grains  among  fragments  of 
crude  platinum.  This  alloy,  which  is  quite  insoluble  in  nitro-hydrochloric 
acid,  is  the  source  from  which  osmium  and  iridium  are  extracted. 
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OsMnTM^— Thig  metal  is  M{Mrated  from  th«  alloy  joft  mentioned  by  fosion 
with  soda  or  nitre ;  and  the  following  procesih  jpiven  by  Wollaaton,  may  be 
resorted  to  witli  advanUge.  (Phil.  Trans.  Iw29,  p.  8.)  The  pulverulent 
alloy  is  ground  into  a  fine  powder  with  a  third  of  its  weight  of  nitre,  and 
the  mixture  heated  to  redness  in  a  silver  crucible  until  it  is  reduced  to  a 
pasty  state,  when  the  characteristic  odour  of  oxide  of  osmium  will  be  peroep- 
tible.  Dissolve  the  soluble  parts,  which  contain  oxide  of  osmium  in  combi- 
nation with  potassa,  in  the  smallest  possible  quantity  of  water,  and  acidulate 
the  solution,  introduced  into  a  retort,  with  sulphuric  acid  diluted  with  its  own 
weight  of  water.  By  distilling  rapidly  into  a  clean  receiver  as  long  as  osmic 
fumes  pass  over,  the  oxide  will  be  collected  on  its  sides  in  the  form  of  a  white 
crust;  and,  there  melting,  it  will  run  down  in  drops  beneath  the  watery  so- 
hition,  forming  a  fluid  flattened  globule  at  the  bottom.  As  the  receiver  cools 
the  oxide  becomes  solid  and  crystallizes. 

Osmium  is  precipitated  from  the  solution  of  its  oxide  by  all  the  metab 
excepting  gold  and  silver.  A  convenient  mode  of  reduction  is  to  agitate  it 
with  mercury,  adding  hydrochloric  acid  to  decompose  the  protoxide  of  mer- 
cury which  18  formed,  and  then  expelling  the  mercury  and  calomel  by  heat. 
The  osmium  is  lefl  as  a  black  porous  powder,  which  acquires  metallic  lustre 
by  friction.  If  it  has  been  exposed  to  a  very  gentle  beat,  its  specific  gravity 
is  7,  it  takes  fire  when  heated  in  the  open  air,  and  is  readily  oxidized  and 
dissolved  by  fuming  nitric  acid  ;  but  a  red  heat  gives  it  greater  compact- 
ness, and  in  that  state  it  ceases  to  be  attacked  by  acids,  and  may  be  freely 
heated  without  oxidation.  In  its  densest  state  Borzelius  found  its  spcctflc 
gravity  to  be  10.    (An.  de  Cb.  et  de  Ph.  zl.  257,  and  xlii.  185.) 

Berzelius,  from  his  late  ref;earches  on  the  compounds  of  osmium,  considers 
99.7  to  be  its  equivalent,  and  gives  the  composition  of  its  oxides,  chlorides, 
and  sulphurets  as  follows : — 

Osmium.  Equi?.       Formolie. 

Protoxide       99.7  1  eq.4.0xygen    8  1  eq.Bl07.7  OB4.O  or  6s. 

Sesquiozide  199.4  2  eq.  4.  do.  24  3  eq.  =s223.4  208  4. 30  or  Ob. 

Binoxide        99.7  1  eq.^^do.  16  2  eq.ssll5.7  Oe+^  or  6b. 

Teroxide        99.7  1  eq.+do.  24  3  eq.»123.7  08+30  or  Os. 

Peroxide        99.7  1  eq.4.da  32       4  eq.»131.7      OS4.4O  or  Os. 

Protochlor.     99.7  1  eq.4.Chlor.  35.42  1  eq.=135.12  Os+QorOsCl 

Seaquichlor.  199.4  2  cq.  +  do.  106^6  3  eq.=305.66  208-|.3Clor  Os«Ci3. 

Bichloride      99.7  1  eq.  +  do.  70.84  2  eq.=170.54   08^.201  or  OsQa. 

Terchloride   99.7  1  eq.+do.  106.26  3  eq.  =^05.96    Os4-3Cl  or  OsQs. 

Protosulph.    99.7  1  eq.^-Sulph.  16.1    1  eq.»115.8      Os4.SorOsS. 

Sesquisulph.199.4  2eq.J.do.  48.3    3  eq.s=247.7    20s4-3S  or  Os2S3. 

Bisulphuret  99.7  leq.4.do.  32.2    2  eq.»131.9      Os+2Sor088s. 

Tersulph.      99.7  1  eq.+do.  48.3    3cq.»148        Os4.3S  or  OsS3. 

Oxides  of  09miutn.—-ToT  a  minute  description  of  these  oomponnds  I  refer 
to  the  essays  of  Berzelius  above  cited.  The  protoxide  is  precipitated  by  pore 
alkalies  from  the  protochloride,  and  falls  as  a  deep  green,  nearly  black,  hy- 
drate, which  is  soluble  in  acids^  and  detonates  when  heated  with  combustible 
matter.  The  binoxide  is  thrown  down  as  a  hydrate  of  deep  brown  edour 
when  a  saturated  solution  of  the  bichloride  is  heated  with  carbonate  of  soda. 
It  retains  a  little  alkali  in  eombination ;  but  the  soda  ia  easily  removed  by 
dilute  hydrochloric  acid,  without  the  oxide  being  dissolved.  The  teroxide  is 
prepared  m  like  manner  from  the  terchloride.  The  eeeqmoxide  horn  not 
been  obCaiaed  in  a  eeparate  state;  bat  it  is  procured  in  oomtoation  with 
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ammonia,  when  the  binoxide  is  treated  with  a  large  ezoess  of  pure  ammonia, 
nitfog;en  gas  being  disengaged  at  the  same  time. 

The  highest  stage  of  oxidation  is  the  Tolatile  oxide,  which  is  the  product 
of  the  oxidation  of  osmium  by  acids,  by  combustion,  or  by  fusion  with  nitre 
or  alkalies;  and  it  may  be  procured  by  the  process  above  mentioned  in 
colourless  transparent  elongated  crystals,  or  as  a  colourless  solution  in  water. 
Its  vapour  is  very  scrid,  exciting  cough,  irritating  the  eyes,  and  producing 
a  copious  flow  of  saliva;  and  its  odour  is  disagreeable  and  pungent,  some- 
what  like  that  of  chlorine ;  a  property  which  suggested  the  name  of  osmttim. 
(From  otf-^tii,  odour.)  It  does  not  combine  with  acids;  on  the  contrary, 
though  it  has  no  acid  reaction,  it  unites  with  alkalies,  and  the  compound 
sustains  a  strong  heat  without  decomposition.  It  is  hence  sometimes  called 
o«mte  acid.  When  touched,  it  communicates  a  stain  which  cannot  be  re. 
moved  by  washing.  With  the  infusion  of  galKnuts  it  yields  a  purple  solution, 
which  afterwards  acquires  a  deep  blue  tint ;  a  character  which  forms  a  sure 
and  extremely  delicate  test  for  peroxide  of  osmium.  By  sulphurous  acid  it 
is  deoxidized,  and  the  colour  of  the  solution  passes  through  the  shades  of  yel> 
low,  oranjze,  brown,  green,  and  lastly  blue,  when  it  resembles  sulphate  of 
indigo.  These  changes  correspond  to  sulphates  of  the  different  oxides  of 
osmium,  the  last  or  blue  oxide  being  a  compound  of  protoxide  ^  and  seaqui- 
oxide  of  osmium. 

Chhridet  of  Otmium. — Berzelius  has  described  four  chloriderof  ostnitim, 
corresponding  to  the  four  first  degrees  of  oxidation  above  mentioned.  When 
osmium  is  heated  in  a  tube  in  a  current  of  dry  chlorine  ^as,  a  deep  green 
sublimate  is  formed,  which  is  the  protochloride.  On  conUnuin^  the  process 
it  yields  a  red  sublimate,  which  is  the  bichloride.  For  the  remaming  details, 
which  are  rather  minute,  I  may^  refer  to  the  essay  already  cited.  &veral  of 
these  chlorides  yield  double  compounds  with  sodium,  potassium,  and  ammo- 
nia. 

Osmium  unites  with  sulphur  in  the  dry  way,,  or  when  precipitated  from 
the  chlorides  by  hydrosulphuric  acid.  The  sulphurets  obviously  correspond 
to  the  number  of  the  oxides.  (Berzelius.) 

Iridium. — In  the  process  already  described  for  separating  osmium  'from 
its  ore,  oxide  of  iridium  is  lefl  in  con>bination  with  potassa,  after  the  soluble 
compound  of  osmium  has  been  removed  by  the  action  of  water.  On  digesting 
the  mass  in  hydrochloric  acid,  a  blue  solution  is  obtained ;  but  it  afterwards 
becomes  of  an  olive-grecn  hue,  and  subsequently  acquires  a  deep  red  tint. 
This  variety  of  colour,  wbieh  suggested  the  name  of  iridium  (Iris,  the 
rainbow),  is  owing  to  the  successive  production  of  difTbrcnt  compounds.  In 
general,  afler  treatment  with  hydrochloric  acid,  some  undecomposed  ore 
remains,  which,  from  its  refractory  nature,  often  requires  repeated  fusion 
with  nitre. 

The  chloride  of  iridium  obtained  by  the  forc&foing  process  is  distinguished 
by  forming  with  water  a  red  solution^  which  is  rendered  colourless  by  the  , 
pure  alkalies  or  alkaline  earths,  by  hydrosulphuric  acid,  infusion  of  gall-nuts, 
or  ferrocyanuret  of  potassium.  It  is  decomposed  by  nearly  all  the  metals  ' 
except  gold  and  platinum,  iridium  being  thrown  down  in  the  metallic 
state.  The  metal  may  also  be  procured  by  exposing  the  chloride  to  a  red 
heat. 

Iridium  is  a  brittle  metal,  and  apt  to  fall  into  powder  when  burnished ; 
but  with  care  it  may  be  polished,  and  then  acquires  the  appearance  of 
plstinuiD.  Of  all  known  meUls  it  is  the  most  infusible  :  Mr.  Children,  by 
means  of  his  large  galvanic  battery,  fused  it  into  a  globule  of  a  brilliant 
metallic  lustre  and  white  colour,  having  a  densKy  of  18.68 ;  but  the  attempts 
at  fusion  by  Berzelius  were  unsuccessful.  Its  greatest  specific  gravity  in 
the  unfused  state  is  15.8629.  It  is  oxidized  at  a  red  heat  in  the  open  air,  it 
in  a  state  of  fine  division,  but  not  otherwise ;  and  it  is  attacked  with  difficulty 
even  by  oitro-hydpocbloric  acid. 

The  equivalent  of  iridium  is  estimated  by  Berselius  at  98.8,  being  identi- 
cal with  that  of  plntinnok    li  forms  with  oxygen  four  oxides  exactly  ana- 
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loffoui  in  compo«itioD  to  the  four  first  oxidoi  of  oimibm  in  the  foregobg 
table,  and  its  four  chlorides  correspond  to  those  of  oemium.  Its  sulphurets 
have  been  little  examined,  but  they  doubtless  correspond  to  the  oxides.  (An. 
de  Ch.  et  de  Fh.  xL  257,  and  xUi.  185.) 

Oxides  of  Iridium. — The  protoxide,  sesquioxide,  and  teroxide  are  precipi* 
tated  by  alkalies  from  the  chloride  to  which  each  is  respectively  proportional. 
The  protoxide  is  greenish-gray  aa  a  hydrate,  and  black  when  anhydrooa. 
The  tiesquioxide  is  bluisb-black  in  the  dry  state,  and  deep  brown  as  a  hydrate. 
The  hydrated  teroxide  is  of  a  yellowish-brown  or  greenish  cdour.  The 
binoxide  has  not  hitherto  been  insulated.  Berzelius  has  not  fully  dedded 
the  nature  of  the  compound  which  is  considered  as  the  blue  oxide,  that 
which  forms  a  blue  solution  with  acids ;  but  he  believes  it  to  be  a  com- 
pound  of  the  protoxide  and  sesquioxide.  This  variety  of  oxides,  together 
with  the  facility  with  which  they  appear  to  pass  from  one  to  the  other,  am- 
ply accounts  for  the  diversity  of  tints  sometimes  observed  in  solutions  of 
iridium. 

Chlorides  of  Iridium, — The  protoeUoride  is  obtained  as  a  light  powder  of 
a  deep  olive-green  colour,  b^  transmitting  chlorine  gas  over  pulverulent  iri- 
dium heated  to  a  commencing  red  heat.  When  heated  to  redness  its  chlo- 
rine is  expelled.  It  is  insoluble  in  water,  and  but  sparingly  dissolved  by 
acids,  even  the  nitro-hydrochloric ;  but  when  the  hydrated  protoxide  is  di- 
gesied  in  the  hydrochloric  acid,  the  protochloridc  is  reproduced  and  dis- 
solved, forming  probably  a  soluble  compound  of  the  protodiloride  and  hydro* 
chIoric|acid.  Its  solution  is  a  mixture  of  brown,  green,  and  yellow.  (Benelius.) 

The  seoquicfUoridt  is  best  obtained  by  calcining  iridimn  with  nitre,  digests 
in^  the  product  in  nitric  acid,  and,  alter  washing,  dissolving  the  residual 
oxide  in  hydrochloric  acid.  Its  solution  has  a  dark  yellowuh-brown  tint, 
which  is  so  intense  that  a  small  quantity  renders  water  opaque.  By  evapo- 
ration it  yields  a  black  mass,  wholly  uncrystalline,  and  deliquescent  in  the 
air. 

The  bichloride  is  formed  by  digesting  at  a  moderate  lieat  tlte  sesquichloride 
in  nitro-hydrochloric  acid.  It  is  deliquescent  and  very  soluble,  yielding  a 
solution  of  a  dark  reddish-brown  colour.  When  its  solution  is  evaporated  to 
iiryness,  except  at  a  heat  not  exceeding  104°,  it  loses  chlorine,  and  is  recon- 
verted into  the  sesquichloride. 

The  terchloride  has  not  been  obtained  in  a  separate  form,  but  only  as  a 
double  chloride  with  potu£aBium.  It  appears  to  be  the  principal  compound 
formed  in  the  process  above  given  for  extracting  iridium  from  its  ore,  and 
is  recognized  by  its  rose-red  tint. 

Iridium  has  a  considerable  affinity  for  earbon,  combining. with  it  when  a 
piece  of  metal  is  held  in  the  flame  of  a  spirit-lamp.  The  resalting  carburet 
contains  19«8  per  cent  of  carbon. 


SECTION  XXIX. 

METALLIC  CX)MBINATIONS. 

Havtmo  completed  the  history  of  the  individual  metals,  and  of  the  com- 
pounds resulting  from  their  union  with  the  simple  non-metallic  bodies,  I 
aball  treat  briefly  in  the  present  section  of  the  oombinstioos  of  the  metak 
with  each  other.  These  compounds  ape«aBed  alloys;  and  to  those  alloys, 
cf  which  mercury  is  a  constituent,  the  term  amalgam  is  applied.  It  is  pro- 
bable that  each  metal  is  capable  of  uniting  in  tme  or  more  proportions  with 
every  other  metal,  and  on  this  supposition  the  nmnber  of  alloys  would  be 
exceedingly  numerous.  This  department  of  cbemistiy,  however,  owing  to 
Its  having  boen  cultivated  with  less  seal4han  mosl  ether  branches  of  the 
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t  is  as  yet  limited,  and  our  knowledn^  eoneeniiB^  H  impcrAct    On 

this  aooouAt  I  shall  mention  those  alloys  only  to  which  some  particular  inle* 
rsst  b  atUched. 

Metals  do  not  eorabine  with  each  other  in  their  solid  state,  owin|^  to  the 
influence  of  chemical  affinity  being  coonteracted  b^  the  force  of  oohesion.  It 
is  necessary  to  liquefy  at  least  one  of  them,  in  which  case  they  always  unite, 
provided  their  mutual  attraction  is  energetic  Thus,  brass  is  formed  when 
pieces  of  copper  are  put  into  melted  zinc ;  and  gold  unites  with  mercury  at 
common  temperatures  by  mere  contact 

Metals  appear  to  unite  with  one  another  in  CTery  proportion,  precisely  in 
the  same  manner  as  sulphuric  acid  and  water.  Thus  there  is  no  limit  to  the 
number  of  alloys  of  gold  and  copper.  It  is  certain,  however,  that  metals  have 
a  tendency  to  combine  in  de6nite  proportion  ;  for  several  atomic  compounds 
of  this  kind  occur  native.  The  erystallized  amalgam  of  silver,  for  example, 
is  composed,  according  to  the  analysis  of  Klaproth,  of  64  parts  of  mercury 
and  36  of  silver,  numbers  which  are  so  nearly  in  the  ratio  of  203  to  108,  that 
the  amalgam  may  be  inferred  to  contain  one  equivalent  of  each  of  its  els* 
ments.  It  i»  indeed  possible  that  the  variety  of  proportion  in  alloys  is  rather 
apparent  than  real,  arising  from  the  mixture  of  a  few  definite  compounds 
with  each  other,  or  with  unoombined  metal ;  an  opinion^not  only  suggested 
by  the  mode  in  which  alloys  are  prepared,  but  in  some  measure  supported 
by  observation.  Thus,  on  adding  succcHsive  small  quantities  of  silver  to 
mercury,  a  great  variety  of  fluid  amalgams  are  apparently  produced ;  but, 
in  reality,  ilSo  chief,  if  not  the  sole  compound,  is  a  solid  amalgam,  which  is 
merely  diffused  throughout  the  fluid  mass,  and  may  be  separated  by  pressing 
the  liquid  mercury  through  a  piece  of  thick  leather. 

This  view  is  strengthened  by  some  late  experiments  by  Rudberg.  (An. 
de  Ch.  et  de  Ph.  zlviii.  363.)  He  finds  that  variable  mixtures  of  metals  in 
eooling  after  fusion,  have  generally  two  periods  when  the  thermometer  is 
stationary.  In  alloys  of  l^d  and  tin  one  of  these  points  is  uniformly  at 
368^°  for  all  mixtures,  while  the  other  point  varies  according  as  one  or  the 
other  metal  is  predominant,  and  is  near  the  fusing  point  of  the  predominating 
metal.  From  this  it  is  inferred  that  the  latter  point  is  caused  by  the  oonge. 
lation  of  the  predominating  metal,  and  the  constant  point  is  the  congealing 
temperature  of  an  alloy  of  uniform -oomposition  present  in  all  the  mijctures. 
This  alloy  is  composed  of  three  equivalentsof  tin  and  one  eq.  of  lead,  its  eon- 
gealing  point  being  368i^^.  In  variable  mixtures  of  bismuth  and  tin  the 
constant  point  is  §89^^^,  which  is  the  congealing  temperature  of  an  alloy 
composed  of  single  equivalents  of  tin  and  bismuth. 

Alloys  are  analogous  to  metals  in  their  chief  physical  properties.  They 
are  opaque,  possess  the  metallic  lustre,  and  are  good  conductors  of  heat  and 
electricity.  They  often  difier  materially  in  some  respects  from  the  elements 
of  which  they  consist  The  colour  of  an  alloy  is  sometimes  different  from 
that  of  its  constituents,  of  which  brass  is  a  remarkable  example.  The  hard- 
ness of  a  metal  is  in  general  increased  by  bein^  alloyed,  and  for  this  reason 
its  elasticity  and  sonorousness  are  frequently  improved.  The  malleability 
and  ductility  of  metals,  on  the  contrary,  are  usually  impaired  by  combination. 
Alloys  formed  of  two  brittle  metals  are  always  brittle ;  and  an  alloy  com. 
posed  of  a  ductile  and  a  brittle  metal  is  generally  brittle,  especially  if  the 
latter  predominate.    An  alloy  of  two  ductile  metsJs  is  sometimes  brittle. 

The  density  of  an  alloy  is  sometimes  less,  sometimes  greater,  than  the 
mean  density  of  the  metals  of  which  it  is  composed. 

The  fusibility  of  metals  is  greatly  increased  by  being  alloyed.  Thus  pure 
platinum,  which  cannot  be  completely  fused  in  the  most  intense  heat  of  a 
wind  fhmaoe,  forms  a  very  fusible  alloy  with  arsenic. 

The  tendency  of  metals  to  unite  with  okygen  is  considerably  augmented 
by  being  alloyed.  This  effect  is  particularly  conspicuous  when  dense 
metals  are  liquefied  by  combination  with  quicksilver.  Lead  and  tin,  for 
inetaaoe,  when  nnited  with  mercury,  are  spon  oxidised  by  exposure  to  the 
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atmotpbere  $  and  eren  g6id  and  silver  combine  with  oxygen,  wben  the 
amaltrama  of  those  metals  are  agitated  with  air.  The  oxidaUlity  of  one 
metal  in  an  alloy  appears  in  some  instances  to  be  increased  in  consequence 
of  a  galvanic  action.  Thus,  Faraday  observed,  that  an  alloy  of  steel  with 
100th  of  its  weight  of  platinam  was  dissdved  with  effervescence  in  diluta 
solphoric  acid,  which  was  so  weak  that  it  scarcely  acted  on  common  steel ; 
an  oflbcC  which  he  ascribes  to  the  steel  in  the  alloy  being  rendered  positive 
by  the  presence  of  the  platinum.  De  la  Rive  has  noticed  a  similar  instance  in 
commercial  zinc,  the  oxidability  of  which  is  increased  by  the  presence  of 
small  quantities  of  iron.  In  these  cases,  however,  the  effect  is  due  rather 
to  one  metal  being  mechanically  enveloped  in  another  than  to  actual  combi- 
nation. 

AMALGAMS. 

Quicksilver  unites  with  potassium  when  agitated  in  a  glass  tube  with  that 
metal,  forming  a  solid  amalgam.  Wben  the  amalgam  is  pot  into  water,  the 
potassium  is  gradually  oxidized,  hydrogen  gas  is  disengaged,  and  the  mer- 
cury resumes  its  liquid  form.  A  similar  compound  may  be  obtained  with 
sodium.  These  amalgams  may  also  be  procured  by  placing  the  negative 
wire  in  contact  with  a  globule  of  mercury  during  the  process  of  decomposing 
potassa  and  soda  by  guvanism. 

A  solid  amalgam  of  tin  is  employed  in  making  looking-glasses;  and  an 
amalgam  made  of  one  part  of  lead,  one  of  tin,  two  of  bismuth,  and  four  parts 
of  mercuiy,  is  used  for  silvering  the  inside  of  hollow  glass  globes.  This 
amalgam  is  solid  at  common  temperatures;  but  it  is  fosed  by  a  slight  degree 
of  beat 

The  amalgam  of  sine  and  tin,  used  for  promoting  the  action  of  the  elec- 
trical machine,  is  made  by  fusing  one  part  of  zinc  with  one  of  tin,  and  then 
agitating  the  liquid  mass  with  two  parts  of  hot  mercury  placed  in  a  wooden 
box.  Mercury  evinces  little  disposition  to  unite  with  iron,  and  on  this  account, 
it  is  usually  preserved  in  iron  bottles. 

The  amalgam  of  silver,  as  already  mentioned,  is  a  mineral  production. 
The  process  of  separating  ailver  from  its  ores  by  amalgamation,  practised 
on  a  large  scale  at  Freyberg  in  Germany,  is  founded  on  the  affinity  of 
mercury  for  silver.  On  exposing  the  amalgam  to  heat,  the  quicksilver  is 
volatilized,  and  pure  silver  remains. 

Gold  unites  with  remarkable  fiicility  with  mercury,  forming  a  white- 
coloured  compound.  An  amalgam  composed  of  one  part  of  gold  and  eight 
of  mercury  is  employed  in  gilding  brass.  The  brass,  after  being  robbed  with 
nitrate  of  oxide  of  mercury  in  order  to  give  it  a  thin  film  of  quicksilver,  is 
covered  with  the  amalgam  of  gold,  and  then  exposed  to  heat  for  the  purpose 
of  expeUingHhe  mercury. 

ALLOYS  OF  ARSENIC. 

Arsenic  has  a  tendency  to  render  the  metals  with  which  it  is  alloyed, 
both  brittle  and  fusible.  It  has  the  property  of  destroying  the  colour  of  gold 
and  copper.  An  alloy  of  copper,  with  a  tenth  part  of  arsenic,  is  so  very 
similar  in  appearance  to  silver,  that  it  has  been  substituted  for  it.  The 
whiteness  of  this  alloy  affords  a  rough  mode  of  testing  for  arsenic ;  for  if 
arsenious  acid  and  charcoal  be  heated  between  two  plates  of  copper,  a  white 
stain  afterwards  appears  upon  its  surface,  owing  to  the  formation  of  an 
arseniuret  of  copper. 

The  presence  of  arsenic  in  iron  has  a  veiy  pernicious  efiiBct ;  for  even 
though  in  small  proportion,  it  renders  the  iron  brittle,  especially  when 
heated. 

The  alloy  of  tin  and  arsenic  is  employed  for  forming  arseniuretled  hy. 
^■^>ff^  gas  by  the  action  of  hydrocfabric  acid.  The  tin  of  oommeroe  some- 
times contains  a  minute  quantity  of  this  alloy. 
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An  aUof  of  pkftmvm  wiikton  paitB  of  areenic  is  tetUo  at  a  heat  a  Utile 
«bove  redneas,  and  may,  Uerefora,  be  cast  in  moulds.  On  ezpomn^  the  alloy 
to  a  gradually  increasififf  temperature  in  open  vessels,  the  arsenic  is  ondixed 
aad  ezpelfed,  and  the  pktinum  recorers  its  purity  and  infusibility. 

ALLOYS  OF  TIN,  LEAD,  ANTIMONY,  AND  BISMUTH. 

Tin  and  lead  unite  readily  when  fused  together,  constituting  solder,  of  ^ 
which  two  kinds  are  distinguished,  llie  alloy  called  Jine  solder  consists  of 
two  parts  of  tin  and  one  of  lead,  fuses  at  about  360°,  and  is  much  employed 
in  tinning  copper.  The  coarse  solder  contains  l-4th  of  tin,  fuses  at  about 
500°,  and  is  the  substance  used  for  soldering  by  glaziers.  Thus,  by  varying 
the  relative  quantity  of  the  metals,  a  solder  of  di£R;rent  fusibility  may  be 
obtained.  The  process  of  hard  soldering  or  braxing^  by  which  two  surfaces 
of  copper  are  cemented  together,  is  done  with  hard  sMer^  which  is  made 
by  fusing  together  brass  and  zinc:  the  copper  requires  to  be  heated,  when  this 
■older  is  used,  to  near  its  point  uf  fusion. 

It  has  been  observed  by  Kupfer  that  most  of  the  alloys  of  tin  and  lead, 
made  in  atomic  proportion,  have  a  specific  gravity  less  than  their  calculated 
density;  from  which  it  is  manifest  that  they  expand  in  uniting.*  The 
amalgamo  of  lead  and  tin,  on  the  contrary,  occupy  less  space,  when  combined, 
than  their  elements  did  previously. 

Tin,  alloyed  with  snail  quantities  of  antimony,  copper,  and  bismuth,  forms 
the  best  kind  of  pewter.    Inferior  sorts  contain  a  large  proportion  of  lead. 

Tin,  lead,  and  bismuth  form  an  alloy  which  is  fused  at  a  temperature 
below  U129,  The  best  proportion,  aooording  to  D^Arcet,  is  8  parts  of^bis- 
moth,  5  of  lead,  and  3  of  tin. 

An  alloy  of  three  parts  of  lead  to  one  of  antimony  constitutes  the  substance 
of  which  types  for  printing  are  made. 

A  native  alloy  of  antimony  and  nickel,  found  at  Andreasberg  in  the  Han, 
was  found  by  »romeyer  to  consist  of  29.5  parts  or  one  eq.  <«  nickel^  and 
64.6  parts  or  one  eq.  of  antimony. 

ALLOYS  OF  COPPER. 

Copper  forms  with  tin  several  valuable  alloys,  which  are  characterized  by 
their  sonorousness.  Bronze  is  an  alloy  of  copper  with  about  eight  or  ten 
per  cent,  of  tin,  together  with  small  quantities  of  other  metals  which  are  not 
essential  to  the  compound.  Cannons  are  cast  with  an  alloy  of  a  similar 
kind. 

The  best  bell-metal  is  composed  of  80  parts  of  copper  and  20  of  tin ; — ^the 
Indian  gong,  celebrated  for  the  richness  of  its  tones,  contains  copper  and  tin  in 
this  proportion.  A  specimen  of  English  bell-metal  was  found  by  Dr.  Thomson 
to  consist  of  80  parts  of  copper,  lO.l  of  tin,  5.6  of  zinc,  and  4.3  of  lead. 
Lead  and  antimony,  though  in  small  quantity,  have  a  remarkable  effect  in 
diminishing  the  elasticity  and  sonorousness  of  the  coropNOund.  SpeeuUiM- 
metoZ,  with  which  mirrors  for  telescopes  are  made,  consists  of  about  two 
parts  of  copper  and  one  of  tin.  The  whiteness  of  the  alloy  is  improved  by 
the  addition  of  a  litTle  arsenic. 

Opper  and  zinc  unite  in  several  proportions,  forming  alloys  of  great  im- 
portance in  the  arts.  The  best  brass  consists  of  fbur  parts  of  copper  to  one 
of  zinc ;  and  when  the  hitter  is  in  a  greater  proportion,  compounds  are  gene- 
rated which  are  called  tombac,  Dutch-gold,  and  pinchbeck.  The  whUe  copper 
of  the  Chinese  is  composed,  according  to  the  analysis  of  Dr.  Fyfe,  of  40.4 
parts  of  copper,  25.4  of  zinc,  31.6  of  nickel,  and  2.6  of  iron. 

-The  art  of  tinning  copper  consists  in  covering  that  metal  with  a  thin 
layer  of  tin,  in  order  to  protect  its  sur&ce  f^om  rusting.  For  this  purpose, 
pieces  of  tin  are  placed  upon  a  well  polished  sheet  of  copper,  which  is  heated 
sufficiently  for  fusing  the  tin.  As  soon  as  the  tin  liouefies,  it  is  rubbed  over 
the  whole  sheet  of  copper,  and,  if  the  process  is  skilfhUy  conducted,  adheres 
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unifbrmly  to  its  sor&ce.  The  oxidation  of  the  tin,  a  circamatanoe  which 
would  entirely  prevent  the  sucoeM  of  the  operation,  is  avoided  by  employ  ing* 
fragments  of  resin  or  muriate  of  ammonia,  and  regulating  the  temperatore 
with  great  care.  The  two  metals  do  not  actually  combine ;  but  the  adhesioii 
is  certainly  owing  to  their  mutual  affinity.  Iron,  which  has  a  weaker  at- 
traction than  copper  for  tin,  b  tinned  with  more  difficulty  than  that  netaL 

ALLOYS  OF  STEEL. 

Messrs.  Stodart  and  Faraday  have  snceeeded  in  making  some  very  impor- 
tant alloys  of  steel  with  other  metals.  (Philos.  Trans,  for  1823.)  Their  ex- 
periments  induced  them  to  believe  that  the  celebrated  Indian  steel,  called 
tDOOtXy  is  an  alloy  of  steel  with  small  quantities  of  silicium  and  aluminiom ; 
and  they  succeeded  in  preparing  a  similar  compound,  possessed  of  all  the 
properties  of  wootz.  They  ascertained  that  silver  combines  with  steel, 
forming  an  alloy,  which,  although  it  contains  onl^  l-500th  of  its  weight  of 
silver,  is  superior  to  wootz  or  the  best  cast  steel  in  hardness.  The  aUoy  of 
steel  with  100th  part  of  platinum,  though  less  hard  than  that  with  silver,  pos- 
sesses a  greater  degree  of  toughness,  ami  is,  therefore,  highly  valuable  whea 
tenacity  as  well  as  hardness  is  required.  The  alloy  of  steel  with  rhodium 
even  exceeds  the  two  former  in  hardness.  The  compound  of  steel  with  pel. 
ladium,  and  of  steel  with  iridium  and  osmium,  is  likewise  exceedingly  hard; 
but  these  alloys  cannot  be  employed  extensively,  owing  to  the  rarity  of  the 
metals  of  which  they  are  composed. 

ALLOYS  OF  SILVER. 

Silver  is  capable  of  uniting  with  most  other  metals,  and  suffers  greatly  in 
malleability  and  ductility  by  their  presence.  It  may  contain  a  large  quantity 
of  copper  without  losing  its  white  colour.  The  standard  silver  for  coinage 
contains  about  l-13th  part  of  copper,  which  increases  its  hardness,  and  thus 
renders  it  more  fit  for  coins  and  many  other  purposes. 

ALLOYS  OF  GOLD. 

The  presence  of  other  metals  in  gold  has  a  remarkable  effisct  in  impairing 
its  malleability  and  ductility.  The  metals  which  possess  this  property  in 
the  greatest  degree  are  bismuth,  lead,  antimony,  and  arsenic.  Thus,  when 
gold  is  alloyed  with  1 -1920th  part  of  its  weight  of  lead,  its  malleability  is 
surprisingly  diminished.  A  very  small  portion  of  copper  has  an  influence 
over  the  colour  of  ^old,  communicating  to  it  a  red  tint,  which  becomes 
deeper  as  the  quantity  of  copper  increases.  Pure  gold,  being  too  soft  for 
coinage  and  many  purposes  in  the  arts,  is  always  alloyed  either  with  copper 
or  an  alloy  of  copper  and  silver,  which  increases  the  hardness  of  the  gold 
without  materially  affecting  its  colour  or  tenacity.  Gold  coins  contain  about 
1.12th  of  copper. 

Nearly  all  the  gold  found  in  nature  is  alloyed  more  or  less  with  silver.  In 
a  late  elaborate  investigation  into  the  constituents  of  the  Uralian  ores  of 
gold,  G.  Rose  found  one  specimen  with  0.16  per  cent  of  silver,  and  another 
with  38.38  per  cent ;  but  most  of  the  speeimens  contained  8  or  9  per  cent  of 
silver.  It  has  been  maintained  that  the  native  alloys  of  gold  and  silver  are 
usually  in  atomic  proportion.  This  statement,  however,  has  been  amply  dis- 
proved by  G.  Rose  :  these  metals  appear  to  be  isomorphous,  and  hence,  like 
other  isomorphous  bodies,  they  crystallize  with  each  other  in  proportions 
altogether  indefinite.    (Pog.  Annalen,  xxiii.  161.) 
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GENERAL  REMARKS  ON  SALTS. 

TfiB  preceding  poges  contain  the  description  either  of  elementary  princi- 
ples, or  of  compounds  immediately  resulting  from  the  union  of  those  ele- 
ments.   These  compounds  are  chiefly  bi-elementary,  that  is,  arise  from  the 
union  of  two  elements;  and  in  those  which  violate  the  rule,  such  as  hydro- 
cyanic acid  and  sulphocyanuret  of  potassium,  the  bi-elementary  character  is 
still  conspicuous :  hydrocyanic  acid  does  not  consist  of  carbon,  nitrogen,  and 
hydrogen,  nor  sulphocyanuret  of  potassium  of  its  elements,  indiscriminately 
combined ;  but  the  cyanogen  and  sulphuret  ofxyanogen  assume  the  functions 
of  elements,  and  combine  as  such  with  the  hydrogen  and  potassium.    The 
affinities  of  carbon,  nitrogen,  and  sulphur  for  hydrogen  and  potassium  ap- 
pear in  these  combinations  to  be  wholly  dormant,  and  in  nowise  to  contri- 
bute to  the  formation  of  the  sulphocyanuret  of  potassium  and  hydrocyanic 
acid.    The  constituents  of  all  these  compounds  are  regarded,  acoordiuff  to 
the  electro-chemical  theory,  as  possessing  opposite  electric  energies,  and  as 
combined  by  virtue  of  such  energies ;  and  the  names  applied  to  them  are 
partly  constructed  in  reference  to  this  theory.  Thus  in  compounds  of  oxygen 
and  chlorine,  chlorine  and  iodine,  sulphur  and  potassium,  the  term  expressive 
of  the  genus  or  class  of  bodies  to  which  each  compound  belon|rs,  is  derived 
from  the  electro-negative  element ;  so  that  we  do  not  say  chloride  of  oxygen, 
iodide  of  chlorine,  and  potassiuret  of  sulphur,  but  oxide  of  chlorine,  chloride 
iodine,  and  of  sulphuret  of  potassium ;  because  oxygen  has  a  higher  electro* 
negative  energy  than  chlorine,  chlorine  than  iodine,  and  sulphur  than  po- 
tassium.   The  metals  as  a  class   are  electro-positive  to  the  non-metallic 
dements ;  but  in  relation  to  each  other  some  of  the  metals  are  electro-posi- 
tive, and  others  electro-negative.  To  the  former  belong  those  metals,  the  ox- 
ides of  which  are  strong  alkaline  bases,  such  as  potassium,  sodium,  and 
calcium  ;  and  among  the  latter  are  enumerated  those,  such  as  arsenic,  an- 
timony, and  molybdenum,  which  are  prone  to  form  acids  when  they  unite 
with  oxygen. 

Some  of  the  bi-elementary  compounds  above  referred  to,  though  composed 
of  very  energetic  elements,  are  themselves  chemically  indifferent,  manifest- 
ing little  disposition  to  unite  with  any  other  body  whatever;  of  which  the 
peroxides  of  manganese  and  lead,  and  some  of  the  chlorides  are  examples. 
Others,  on  the  contrary,  are  surprisingly  energetic  in  their  chemical  relations, 
and  have  an  extensive  range  of  affinity.  The  most  remarkable  instances  of 
this  are  found  amongr  those  oxidized  bodies  called  aeida  and  aJkaliea,  the 
characters  of  which  nxcd  the  attention  of  chemists  long  before  their  compo- 
sition was  understood.  The  acids  and  alkalies,  however,  are  indifferent  to 
elementary  substances :  their  affinities  are  exerted  towards  each  other,  and 
by  uniting  they  give  rise  to  compounds  more  complex  than  themselves,  as 
containing  at  least  three  elements,  and  which  are  known  by  the  name  of 
tails.  Adds  and  alkalies  possess  opposite  electric  energies  in  relation  to 
each  other,  the  former  being  negative,  and  the  latter  positive.  The  electric 
energies  evinced  by  them  are  related  to  the  electric  energies  of  their  elements. 
Thus  acids  generally  abound  in  the  electro-negative  oxygen,  and  if  they 
contain  a  metal,  it  is  usually  an  electro-negaiive  metal ;  whereas  the  power- 
ful alkalies  are  the  protoxides  of  electro-positive  metals. 

Acids  and  alkalies  neutralize  each  otlier  more  or  less  completely,  so  that 
the  resulting  salt  is  generally  neither  acid  nor  alkaline,  and  is  far  less  ener- 
getic as  a  chemical  agent  than  acids  and  alkalies.  Most  of  them,  however, 
unite  in  definite  proportion  with  certain  substances,  such  as  water,  alcohol, 
ammonia,  and  with  other  salts,  forming  the  extensive  family  o€  double  salts. 
To  these  compounds  the  electro-chemical  theory  may  be  extended :  the  two 


simple  salts  which  oonstitnte  a  doable  salt,  may  be  viewed  as  two  molectdes 
aniied  by  virtue  of  electric  energies  of  an  opposite  character. 

In  the  early  period  of  modern  cliemistrv,  an  acid  was  considered  to  be  an 
ozidixed  body  which  has  a  soar  taste,  reddens  litmas  paper,  and  neutralises 
alkalies.  But  subseqaent  experience  has  shown  the  propriety  of  eztendin|r 
the  definition  of  an  acid.  For,  first,  the  discovery  of  the  hydracids  proved 
that  oxygen  is  not  essential  to  acidity.  Secondly,  some  compounds,  owing 
to  their  insolubility,  neither  taste  sour  nor  redden  litmus,  and  yet  firom  their 
chemical  relations  are  regarded  as  acids.  Thirdly,  some  acknowledged  acids, 
snch  as  the  carbonic  and  hydrosulphuric,  are  unable  fully  to  destroy  (be 
alkaline  reaction  of  potassa.  Facts  of  this  kind  have  induced  chemists  to 
consider  as  acids  all  those  compounds  which  unite  with  potassa  or  ammonia, 
and  give  rise  to  bodies  similar  in  their  constitution  and  general  character  to 
the  salts  which  the  sulphuric  or  some  admitted  acid  forms  with  those  alka- 
lies. 

A  similar  extension  is  eiven  to  the  notion  of  alkalinity,  the  characters  of 
which,  as  exhibited  in  meir  most  perfect  form  in  potassa  and  soda,  are 
causticity,  a  peculiar  pungent  alkaline  taste,  alkaline  reaction  with  test  paper, 
and  power  both  of  neutralizing  acids  and  of  forming  with  tjiem  neutral 
saline  compounds.  Of  these,  chemists  acrree  to  consider  the  last  as  the  moet 
characteristic,  and  place  among  the  alkaline  or  salifiable  bases  all  thoee 
bodies  which  unite  definitely  with  admitted  acids,  such  as  the  sulphuric  and 
nitric,  and  form  with  them  compounds  analogous  in  constitution  to  the  salts 
which  admitted  alkalies  form  with  the  ^cids.  Thus,  magnesia  is  a  veij 
strong  alkaline  base,  seeing  that  20.7  parts  of  it  neutralize  as  much  sulphuric 
acid  as  47.15  of  potassa ;  and  yet  magnesia,  from  being  insoluble,  is  all  but 
tasteless,  and  has  barely  any  alkaline  reaction. 

The  progress  of  chemistry,  which  has  gradually  developed  sounder  views 
of  the  nature  of  acids  and  alkalies,  is  also  causing  an  extension  in  the  idea 
of  a  salt  The  mat  mass  of  the  salts  are  compounds  of  oxidized  bodies, 
both  the  acid  and  the  base  containing  oxygen.  But  ammonia,  though  not 
an  oxide,  has  all  the  characters  of  alkalinity  in  an  eminent  degree,  and  its 
compounds  with  acids  were  at  once  admitted  into  the  list  of  salts.  Then 
came  the  discovery  of  the  hydracids,  such  as  the  hydrochloric  and  hydriodic, 
which  are  so  powerfiilly  acid,  that  their  compounds  with  alkaline  bases  were 
readily  adopted  as  salts.  Hence  arose  tlie  division  of  the  salts  as  a  class 
into  two  orders,  one  containing  oxygen  or  oxy-salts  and  the  other  hydro^n 
or  hydro-salts.  Again,  the  gaseous  terfiuoride  of  boron,  which  contains 
neither  oxygen  nor  hydrogen,  combines  definitely  with  ammonia,  and  forms 
vnth  it  a  neutral  compound,  which  was  esteemed  a  salt  as  soon  as  it  was 
known. 

The  notion  of  a  salt  has  of  late  been  still  further  extended.  Chemists 
have  long  known  that  metallic  sulphurets  occasionally  combine  toorether, 
and  constitute  what  is  called  a  double  aulphuret  In  these  compounds  Ber- 
zelius,  whose  labours  have  greatly  added  to  their  number,  has  traced  an  ez- 
act  analogy  with  the  salts,  and  applied  to  them  the  name  of  sulphur-salts. 
The  simple  sulphurets,  by  the  union  of  which  a  sulphur-salt  is  formed,  are 
bi-elementary  compounds,  strictly  analogous  in  their  constitution  to  acids 
^and  alkaline  bases,  and  which  like  them  are  capable  of  assuming  opposite 
electric  energies  in  relation  to  each  other.  Elcctro-positive  sulphurets,  term- 
ed sulpkur-lMses  t  are  usually  the  protosulphurcts  of  electro-positivc  metals, 
and,  therefore,  correspond  to  the  alkaline  bases  of  those  metals ;  and  the  elec 
tro-negative  sulphurets,  sulphur-acids,  are  the  sulphurets  of  electro-negative 
metals,  and  are  proportional  in  composition  to  the  acids  which  the  same 
metals  form  with  oxygen.    Hence,  if  the  sulphur  of  a  sulphur-salt  were  re- 

S laced  by  an  equivalent  quantity  of  oxygen,  an  oxy-salt  would  result     (An. 
e  Ch.  et  de  Ph.  xxxii.  60.) 

The  compounds  which  Berzelius  has  enumerated  as  sulphur-acids,  are 
the  sulphurets  of  arsenic,  antimony,  tungsten,  molybdenum,  tellurium,  tin, 
and  gold.    To  these  he  has  added  the  sulphurets  of  several  other  substances 
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not  metallic,  such  as  sulphoret  of  eeknium,  bisiilpharet  of  carbon,  and  the 
hydroaulpbiiric  and  hjdroaalphocjanic  acids.  He  mentions,  also,  that  just 
as  two  electro-positive  oxides  may  combine,  one  becoming  electro-negativa 
in  regard  to  the  other,  so  may  a  sulphur-salt  be  generated  by  the  union  of 
-olectro-positive  sulphurets.  The  native  double  sulphuiet  of  copper  and  iron,  ^ 
and  a  considerable  number  of  similar  compounds  are  instances  of  this  nature. 
These  analogies  are  rendered  much  closer  by  the  iacts  that  hydrosulphuric 
and  hydrosulphocyanic  acids  act  as  hydracids  with  ammonia,  and  as  sul- 
phnr-acids  with  sulpiiur  bases,  and  that  all  the  sulphurets  which  are 
remarkable  as  sulphur-4icid9  have  likewise  the  property  of  combining  with 
ammonia.  I  shall  accordingly  place  the  double  sidphurets  as  a  third  order 
of  the  class  of  salts,  and  describe  them  under  the  name  of  sulphur-salts. 

A  fourth  order  of  salts  has  been  formed  by  Berzelius,  comprising  for  the 
most  part  bi-elementary  compounds,  which  consist  of  a  mefaU  on  the  one 
hand,  and  of  chlorine,  iodine,  bromine,  fluorine,  and  the  radicals  of  the  hy- 
dracids on  the  other.    He  has  applied  to  them  the  name  oi  hahid-saUB  (from 
«Uc  sea-salt,  and  fl/«c  form),  because  in  constitution  they  are  analogous  to 
sea-salt    The  whole  series  of  the  metallic  chlorides,  iodides,  bromides,  and 
fluorides,  such  as  chloride  of  sodium,  iodide  of  potassium,  and  fluor  spar,  as 
well  as  the  cyanurets,  sulphocyanurets,  and  ferrocyanurets,  are  included  in 
his  list  of  haloid-salts.  (An.  de  Ch.  et  de  Fb.  xixil  60.)    Tlie  reader  will  at 
once  perceive  that  these  haloid-salts,  as  bi-elementary  compounds,  differ  io 
composition  from  other  salts,  and  are  analogous  to  oxides  and  sulphurets 
This  resemblance  will  appear  still  more  intimate,  if  he  turn  to  the  tables  ol 
composition  given  in  the  sections  on  the  metals ;  where  the  number  and  con- 
stitution of  Sko  chlorides  and  iodides  are  shown  to  be  strikingly  similar  to 
the  number  and  constitution  of  the  oxides  and  sulphurets.     JSut  Berzelitt|H 
though  he  has  himself  traced  and  fully  admits  these  analogies,  considers  his 
haloid-salts  to  diifur  so  much  in  their  chemical  relations  from  oxides  tad 
sulphurets,  that  they  ought  not  to  stand  in  the  same  class  of  compounds. 
Soda,  for  instance,  is  caustic,  strongly  alkaline,  and  endowed  with  powerful 
affinities ;  while  chloride  of  sodium  is  a  neutral  substance,  of  a  taste  and 
appearance  precisely  like  ordinary  salts,  and  indifferent  in   its   chemical 
relations.    The  diflcrence  is  here  certainly  very  striking  ;  but  on  extending 
the  comparison  to  other  oxides  and  chlorides,  the  result  is  by  no  means  the 
same.    Surely  the  terchloride  of  gold  is  at  least  as  energetic  an  agent  as  the 
peroxide,  and  the  bichloride  of  platinum  as  the  corresponding  oxide.    The 
bichloride  and   bicyanuret  of  mercury  are  more  energetic  as  chemical 
agents  tlian  bisulphuret  of  mercury,  and  perhaps  fully  as  much  so  as  the 
binoxidc.    Chemists  arc  only  beginning  to  be  acquainted  with  tho  numerous 
compounds  which  metallic  cyanurets  are  capable  of  forming  with  each  otlier. 
If  tlie  difference  between  all  oxides  and  chlorides  were  as  strong  as  between 
soda  and  sea-salt,  chemists  would  have  to  consider  whether  they  should 
adopt  as  a  principle  of  classification  analogy  of  composition  or  of  character. 
But  as  the  case  now  stands  tbey  are  scarcely  lefl  to  tliis  alternative.    In 
point  of  composition  the  chlorides  are  as  remote  from  salts  as  they  are  allied 
to  oxides;  and  in  their  chemical  agencieia,  the  haloid-salts  of  Berzelius, 
taken  collectively,  appear  to  me  to  be  as  closely  related  to  oxides  and  sulphurets 
as  to  suits.     It  seems  then  fair  to  conclude  that  the  chlorides  and  similar 
bi-clomcntary  compounds  stand  to  each  otiier  in  Uie  relation  of  acids  and 
bases,  being  capable  of  assuming  opposite  electric  energies,  and  of  forming 
compounds  analogous  to  gaits.     I  shall  describe  them  as  a  fourth  order  <x 
salts  under  the  name  of  haloid-salts ;  because  the  electro-positive  and  electro- 
negative  compounds  which  form  tliem,  the  haloid  bases  and  acids  have  the 
same  kind  of  composition  as  sea-sail,   The  haloid-salts  of  Berzelius  are  mv 
haloid  acids  and  bases,  and  what  I  term  a  haloid-salt  is  a  double  haloid-salt 
to  Berzelius.    The  doctrine  here  adopted  was  first  proposed  and  ably  illus- 
trated by  Bonsdorff.*  (An.  de  Ch.  et  de  Ph.  xliv.  189.) 

*  This  same  doctrine  was  proposed  and  ably  suppoitod  by  Dr.  Hare,  in  a 
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ConsifllenUy  with  the  Tiewt  developed  in  the  preoeding*  pt|[ei,  I  httre 
grouped  together  all  Mline  compoonds  which  have  a  certain  similarity  of 
compodition  into  one  great  ehuw  of  mUUt  which  is  divided  into  the  foiir 
foUowing  orders : — 

Order  I.  The  ox^-salts.  This  order  includes  no  salt  the  add  or  baae  of 
which  is  not  an  oxidized  body. 

Order  II.  Hie  hydro-salts.  This  order  indodes  no  salt  the  aeid  or  base 
of  which  does  not  contain  hydrogen. 

Order  III.  The  sulphur-salts.  This  order  includes  no  salt  the  electro- 
positive or  negative  ingredient  of  which  is  not  a  sulphuret 

Order  IV.  The  haloid-salts.  This  order  includes  no  salt  the  electro-poei- 
tive  or  negative  ingredient  of  which  is  not  haloidaL  ' 

The  nomencUtnre  of  the  first  order  of  salts  was  explained  on  a  former 
occasion  (page  193).  The  insuffidency  of  the  division  into  naitralj  mper, 
and  mi-salts  will  be  made  apparent  by  the  following  remarks.  In  the  firsC 
place,  some  alkaline  bases  form  more  than  one  super-salt,  in  which  case  two 
or  more  different  salts  would  bo  indoded  under  the  same  name.  Secondly, 
some  salts  have  an  acid  reaction,  and  might,  therefore,  be  denominated 
super-salts,  although  they  do  not  contain  an  excess  of  acid.  Nitrate  of  oxide 
of  lead,  for  instance,  has  the  property  of  reddening  litmus  paper;  whereas  it 
consists  of  one  equivalent  of  oxide  of  lead  and  one  equivalent  of  nitric  add, 
and,  therefore,  in  composition  is  precisely  analogous  to  nitrate  of  potassa, 
which  is  a  neutral  salt  This  fact  was  noticed  some  years  ago  by  BerxeliuSi 
who  accounted  for  the  circumstance  in  the  following  manner.  The  cakrar 
of  litmus  is  naturally  red,  and  it  is  only  rendered  blue  by  the  colouring 
matter  combining  with  an  alkali.  If  an  acid  be  added  to  the  blue  com-., 
pound,  the  cdourmg  matter  is  deprived  of  its  alkali,  and  thus,  being  set  free, 
resumes  its  red  tint  Now  on  bringing  litmus  paper  in  contact  with  a  salt, 
the  acid  and  base  of  which  have  a  weak  attraction  for  each  other,  it  is  pos- 
sible that  the  alkali  contained  in  the  litmus  paper  may  have  a  stronger 
affinity  for  the  acid  of  the  salt  than  the  base  has  with  which  it  was  combined ; 
and  in  that  case  the  alkali  of  the  litmus  bdng  neutralized,  its  red  colour  will 
necessarily  be  restored.  It  is  hence  apparent  that  a  salt  may  have  an  add 
reaction  without  having  an  excess  of  acid. 

The  nomenclature  of  the  hydro-salts  is  framed  on  the  same  principle  as  that 
applied  io  the  salts  which  contain  oxygen.  With  respect  to  the  third  and  fourth 
order  of  salts  no  general  prindple  of  nomenclature  has  yet  been  agreed  on. 
Berzelius  has  extended  to  them  the  same  nomendature  which  he  employs 
for  the  oxy-sahs,  and  some  chemists  seem  disposed  to  follow  his  example ; 
but  as  new  views  are  apt  to  be  obscured,  and  their  intrinsic  value  overlooked, 
by  being  expressed  in  new  language,  I  shall  confine  myself  as  much  as 
possible  to  terms  with  which  every  chemist  is  fiimiliar.  It  is  worthy  of 
consideration  whether  the  nomenclature  of  the  sulphur  and  haloid  salts, 
instead  of  being  purposely  assimilated  to  that  of  the  other  salts,  should  not 
desig'nedly  be  kept  distinct,  in  order  the  more  readily  to  distinguish  between 
anoiogoos  compounds. 

Nearly  all  salts  are  solid  at  common  temperatures,  and  most  of  them  are 
capable  of  crystallizinj^.  The  colour  of  salts  is  very  variable,  having  no 
necessary  connexion  with  the  colour  of  their  elements.  Salts  composed  of 
a  colourless  acid  and  base  are  colourless ;  but  a  salt,  though  formed  of  a 
coloured  oxide  or  acid,  may  be  colourless ;  or,  if  coloured,  the  tint  may 
differ  from  that  of  both  of  its  constituents. 

All  soluble  salts  are  more  or  less  sapid,  while  those  that  are  insoluble  in 
water  are  insipid.  Few  salts  arc  possessed  of  odour :  the  most  remarkable 
one  for  this  property  is  carbonate  of  ammonia. 


letter  on  the  Berzclian  nomenclature,  addressed  to  Professor  Silliman,  and 
dated  in  June,  1834.  Dr.  Hare  bad  entertained  his  peculiar  views  for  some 
time  before  the  date  of  his  letter,  and  before  he  was  aware  that  Bonsdorff 
had  held  similar  opinions. — Ed, 
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Salts  difier  remarkably  in  their  affinity  for  water.  Thus  some  saHs,  such 
as  the  nitrates  of  lime  and  masnesia,  are  deliqueseent^  that  is,  attract  mois- 
ture from  the  air,  and  become  Iiqaid.  Others,  which  have  a  less  powerful 
attraction  tor  water,  undergo  no  change  when  the  air  is  dry,  but  become 
moist  in  a  humid  atmosphere ;  and  oUiers  may  be  exposed  without  change 
to  an  atmosphere  loaded  with  watery  vapour. 

Salts  di^r  likewise  in  the  degree  of  solubility  in  water.  Some  dissolve 
in  less  than  their  weight  of  water ;  while  others  require  several  hundred  times 
their  weight  of  this  liquid  for  solution,  and  others  are  quite  insoluble.  This  di£> 
forence  depends  on  two  circumstances,  namely,  on  their  affinity  for  water,  and 
on  their  cohesion :  their  solubility  being  in  direct  ratio  with  the  first,  and 
in  inverse  ratio  with  the  second.  One  salt  may  have  a  greater  affinity  for 
water  than  another,  and  yet  be  less  soluble ;  an  effect  which  may  be  pro- 
duced by  the  oi^esive  power  of  the  salt  which  has  the  stronger  attraction 
tar  water,  being  greater  than  that  of  the  salt  which  has  a  less  powerful 
affinity  for  that  liquid.  The  method  proposed  by  Gay-Lussac  for  estimating 
the  relative  degrees  of  affinity  of  salts  for  water  (An.  de  Ch.  Ixxzii.)  is  by 
dissolving  equal  quantities  of  salts  in  equal  quantities  of  water,  and  applying 
heat  to  the  solutions.  That  salt  which  has  the  greatest  affinity  for  the 
menstruum  will  retain  it  with  most  force,  and  will,  therefore,  require  the 
highest  temperature  for  boiling. 

Salts  which  are  soluble  in  water  crystallize  more  or  less  regularly  when 
their  solutions  are  evaporated.  If  the  evaporation  is  rendered  rapid  by  heat, 
the  salt  is  usually  deposited  in  a  confused  crystalline  mass ;  but  if  it  take 
place  slowly,  regular  crystals  are  formed.  The  best  mode  of  conducting  the 
process  is  to  diuolve  a  salt  in  hot  water,  and  when  it  has  become  quite  cold, 
to  pour  the  saturated  solution  into  an  evaporating  basin,  which  is  to  be  set  aside 
for  several  days  or  weeks  without  being  moved.  As  the  water  evaporates,  tlie 
salt  assumes  the  solid  form ;  and  the  slower  the  evaporation,  the  more  regu- 
lar are  the  crystals.  Some  salts  which  are  much  more  soluble  in  hot  than 
in  cold  water,  crystallize  with  considerable  regularity  when  a  boiling 
saturated  solution  is  slowly  cooled.  The  form  which  sidts  assume  in  crys- 
tallizing is  constant  under  the  same  circumstances,  and  constitutes  an 
excellent  character  by  which  they  may  be  distinguished  from  one  another. 

Many  salts  during  the  act  of  crystallizing  unite  chemically  with  a 
definite  portion  of  water,  which  forms  an  essential  part  of  the  crystal,  and 
is  termed  icater  of  crystallization.  The  quantity  of  combined  water  is  very 
variable  in  diffiirent  saline  bodies,  but  it  is  uniform  in  the  same  salt.  A  salt 
may  contain  more  than  half  its  weight  of  water,  and  yet  be  quite  dry.  On 
exposing  a  salt  of  this  kind  to  beat,  it  is  dissolved,  if  soluble,  in  its  own 
water  of  crystallization,  undergoing  wltat  is  termed  the  watery  fusion.  By 
a  strong  heat,  the  whole  of  the  water  is  expelled ;  for  no  salt  can  retain  its 
water  of  crystallization  when  heated  to  redness.  Some  salts,  such  as  sulphate 
and  phosphate  of  soda,  lose  a  portion  of  their  water,  and  crumble  down  into 
a  white  powder,  by  mere  exposure  to  the  air,  a  change  which  is  called 
efflorescence.  The  tendency  of  salts  to  undergo  this  change  depends  on  the 
dryness  and  coldness  of  the  air ;  for  a  salt  which  effloresces  rapidly  in  a 
moderately  dry  and  warm  atmosphere,  may  often  be  kept  without  change  in 
one  which  is  damp  and  cold. 

Salts,  in  crystallizing,  frequently  enclose  mechanically  within  their  tex- 
ture particles  of  water,  by  the  expansion  of  which,  when  heated,  the  salt  is 
burst  with  a  crackling  noise  into  smaller  fragments.  This  phenomenon  is 
known  by  the  name  of  decrepitation.  Berzellus  has  correctly  remarked  that 
those  crystals  decrepitate  most  powerfully,  such  as  the  nitrates  of  baryta  and 
oxide  of'^lead,  which  contain  no  water  of  crystallization. 

The  atmospheric  pressure  is  said  to  have  considerable  influence  on  the 
crystallization  of  salts.  If,  for  example,  a  concentrated  solution,  composed 
of  about  three  parts  of  sulphate  of  soda  in  crystals  and  two  of  water,  is 
made  to  boil  briskly,  and  the  flask  which  contains  it  is  then  tightly  corked, 
while  its  upper  part  is  full  of  vapour,  the  solution  will  cool  down  to  the 
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tMnpentureof  the  air  without  crytUlUonf ,  and  may  m  that  atate  be  pipatifcd 
for  montha  without  ohaiifa.  Befora  removal  of  the  oork,  the  liquid  nnj 
often  be  briakly  agitated  without  loaing  iti  fluidity ;  but  on  readmitting  the 
air,  orjrstallizatioD  commoaly  eommenees,  and  the  whole  becomea  aoud  in 
the  course  of  a  few  aeeonda.  The  adroiseion  of  the  air  flometimea,  indeed, 
fails  in  causing'  the  effect ;  but  it  may  be  produced  with  ocrtaintv  by  agita- 
tion  or  the  introduction  of  a  solid  body.  The  theory  of  this  phenomenon 
is  not  very  apparent  Gay-Lussac  has  shown  that  it  does  not  depend  on 
atmospheric  pressure  (An.  de  Ch.  toI.  IxKxrii.) ;  for  he  finds  that  the  solution 
may  bo  cooleid  in  open  vessels  without  becoming  solid,  provided  its  surface 
be  covered  with  a  film  of  oil ;  and  I  have  /Vequently  succeeded  in  the  same 
eiperiment  without  the  use  of  oil,  by  causing  the  air  of  the  flask  to  com- 
municate with  the  atmosphere  by  means  of  a  moderately  narrow  tube.  It 
appears  flrom  some  experiments  of  Mr.  Graham  (Phil.  Trans.  Edin.  1828), 
that  the  influence  of  the  air  may  be  ascribed  to  its  uniting  chcmicaffy  with 
water;  for  he  has  proved  that  gases  which  arc  more  freely  absorbed  than 
atmoapkeric  air,  act  more  rapidly  in  producing  crystalliiation.  Indeed  the 
rapidity  of  cryatallization,  occasioned  by  the  contact  of  gaseous  matter, 
aoema  proportional  to  the  degree  of  its  affinity  for  water. 

The  same  quantity  of  water  may  hold  several  different  salts  in  solntion, 
provided  they  do  not  mutually  decompose  each  other.  The  solvent  power 
of  water  with  respect  to  one  sail  is,  indeed,  sometimes  _increased  by  the 
pieaence  of  another,  owing  to  combination  taking  place  between  the  two 
salts. 

Most  salts  produce  odd  during  the  act  of  solution,  especially  when  they 
are  dissolved  rapklly  and  in  large  quantity.  The  greatest  reduction  of 
lamperature  is  occasioned  by  those  which  contain  water  of  crystallization. 

Ail  the  oxy-aalts  are  deoompoaed  by  Voltaic  electricity,  provided  they  are 
either  moistened  or  in  solution.  The  acid  appears  at  the  positive  pole  of  the 
battery,  and  the  oxide  at  its  opposite  extremity;  or  if  the  oxide  is  of  easy  re- 
duction, the  metal  itself  g«)es  over  to  the  negative  side,  and  its  oxygen  accom. 
paniea  the  acid  to  the  positive  wire. 

The  hydnMalts,  and  doubtless  also  the  sulphur  and  haloid-saha,  are  8ub> 
ject  to  a  aimilar  change ;  but  the  phenomenon,  as  respects  the  two  last  orders 
of  salts,  has  been  little  examined. 


CRYSTALLIZATION. 

The  particles  of  liquid  and  gaseous  bodies,  during  the  formation  of  solids, 
sometimes  cohere  together  in  an  indiscriminate  manner,  and  give  rise  to 
irregular  shapeless  masses;  but  more  frequently  they  attach  tliemselves  to 
each  other  in  a  certain  order,  so  as  to  constitute  solids  possessed  of^  a  regu- 
larly  limited  form.  The  process  by  which  such  a  body  is  produced  is  called 
erystaUixation  ;  the  solid  itself  is  termed  a  crystal;  and  the  science,  the  object 
ofwhich  is  to  study  the  form  of  crystals,  is  cn/stallography. 

Most  bodies  crystallize  under  favourable  circumstances.  The  condition 
by  which  the  process  is  peculiarly  favoured  is  the  slow  and  gradual  change 
of  a  fluid  into  a  solid,  the  arrangement  of  the  particles  being  at  the  same 
time  undisturbed  by  motion.  This  is  exempHBod  during  the  slow  cooling  of 
a  fused  mass  of  sulphur  or  bismuth,  or  tlie  spontaneous  evaporation  of  a 
saline  solution  ;  and  the  origin  of  the  numerous  crystals,  which  are  found  in 
the  mineral  kingdom,  may  be  ascribed  to  the  influence  of  the  same  cause. 

Crystallographers  have  observed  that  certain  crystalline  forms  are  peculiar 
to  certain  substances.  Thus,  calcareous  spar  crystallizes  in  rhombohcdrons, 
fluor  spar  in  cubes,  and  quartz  in  six-sidcd  pyramids;  and  these  forms  are 
so  far  peculiar  to  those  substances,  that  fluor  spar  never  crystallizes  in  rhom- 
bohedrona  or  six-sided  pyramids,  nor  calcareous  i^r  or  quart*  in  cubea. 
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Crystalliiie  form  may,  therefore,  serre  u  a  ground  of  dislmotion  between 
different  subetancea.  It  is  acoordingly  employed  by  mineralogietB  for  dis- 
tingaishing  one  mineral  species  from  another ;  and  it  is  very  eerviceable  to 
the  chemist,  as  affording  a  physical  character  for  salts.  On  this  account 
I  have  thought  it  would  be  useful,  before  describing  the  individual  salts,  to 
introduce  a  few  pages  on  crystallization ;  but  from  the  great  extent  of  tlie 
subject,  which  now  constitutes  a  separate  science,  my  remarks  must  neces- 
sarily t>e  limited,  and  comprehend  little  else  than  an  enumeration  of  the  pri- 
mary forms.  To  those  who  are  desirous  of  more  ample  information,  I  may 
recommend  Mr.  Brooke's  **  Familiar  Introduction  to  Crystallography,"  the 
translation  of  Mohs's  Treatise  on  Mineralogy  by  Haidinger,  or  Mr. 
WhewelVs  t^ssay  in  the  second  volume  of  the  Philosophical  Transactions  of 
Cambridge. 

The  surfaces  which  limit  the  figure  of  crvstals  are 
called  planes  orfaee§,  and  are  generally  flat.  The 
lines  formed  by  the  junction  of  two  planes  are  called 
Mdget ;  and  the  angle  formed  by  two  such  edges  is 
a  fiane  angle.  A  9oUd  angle  is  the  point  formed 
by  the  meeting  of  at  least  three  planes.  Thus  in 
tlie  cube  or  hexahedron,  fig.  1,  aaa  are  planes,  A6 
are  edges,  and  ec  solid  angles.  The  cube  it  is  ap. 
parent  has  six  planes  or  fiices,  twelve  edges,  and 
eight  solid  an  gles.  Each  of  the  faces  has  four  angles, 
which  are  rectangular. 

The  forms  of  crystids  are  exceedingly  diversified.  They  are  divided  by 
erystalloffraphers  into  what  are  called  pHmUive^  primary ^  aerivaUte,  orfun^ 
damenUu  formsj  and  into  secondary  or  derived  forms.  This  distinction  is 
founded  on  the  fact,  that  same  substance  frequently  assumes  difierent  crys. 
talline  forms;  which,  however,  though  actually  different,  are  in  general 
geometrically  allied  to  each  other.    A  body,  for  instance,  whose  ordinary 


Fig.  2. 


!^^ 


figure  is  a  cube,  may  assume 
a  shape  represented  by  fig.  2, 
where  the  general  outline  is 
cubic,  but  the  solid  angles  are 
replaced  by  triangular  fiices; 
just  as  if  the  crystal  had  been 
origioally  a  perfect  cube,  and 
its  eight  solid  angles  subse- 
^quently  removed.  Instead  of 
the  solid  angles,  the  edges  of 
the  cube  may  be  wanting,  and 
a  new  form,  such  as  fig.  3,  be  produced.  If  the  new  planes  are  small,  Uie 
crystal  will  preserve  its  cubic  appearance ;  but  if  they  are  larger,  the  outline 
of  the  cube  will  be  less  distinct ;  and  should  the  feces  of  the  original  cube 
wholly  disappear,  a  form  altogether  different  will  result  Secondary  crys. 
tals  are  those  which  may  be  thus  deduced  by  the  substitution  of  planes  for 
tiie  edges  or  angles  of  some  primary  form ;  and  the  primary  or  fVmdamental 
form  is  that  fi-om  which  the  former  are  derived.  The  replacement  is  com- 
monly produced  by  a  tangent  plane^  by  which,  in  reference  to  the  edge  of 
a  crystal,  is  meant  a  plane  inclioed  equally  to  the  two  adjacent  primary 
pknes  and  parallel  to  the  edge  which  it  replaces.  In  allusion  to  a  solid 
angle,  a  tangent  plane  is  equally  indmed  on  all  the  primary  planes  of  which 
the  solid  angle  is  constituted. 

The  number  and  kind  of  primary  forms  afe  stated  differently  by  different 
erystallographers,  according  to  the  system  which  they  adopt;  but  I  appre- 
hend  it  will  be  most  advantageous  to  the  chemical  student  to  be  acquainted 
with  those  enumerated  by  Mr.  Brooke  in  the  work  above  mentioned.  They 
are  fifteen  in  number. 

36* 


4te 


OIT0TALLIA4TI«ir. 


1.  The  Arat  U  tk«  htzahedMn  or  cube  of  geontlricia**,  a  fifora  boiindiBd 
by  tix  tqaaro  &0M.    All  the  anglea  of  iti  edfcs  are  tleo  eqoal  to  90 


9.  The  tetrahedron,  a  re^ 
lar  foUd  of  geometry,  is  ood- 
tained  under  four  eqailatertl 
triangles,  and,  therefore,  all  tte 
plane  angles  are  equal  to  60 
degrees.  7%e  faoes  incline  to 
each  other  at  the  edges  at  an 
ande  of  70o  31'  44".  (Fig.  4.) 

3.  The  regular  oetohedron 
is  contained  under  eight  equi- 
lateral triangles,  fig.  5,  and 
c»nsequently  all  its  plane  uigles 
are  equal  to  60  degrees.  The  base  of  the  oetohednm  6M  is  a  sqoara,  and 
the  planes  incline  on  each  other  at  the  edges  at  an  angle  of  109^  2&  16". 
The  oetohedron  is  a  regular  solid  of  geomeUy. 

4.  The  rhombic  dodeca-  Yig.  6^  Fir  7 
hedron  (fig.  6.)  is  limited                   *  ^-  ' 
by  twelve  similar  rhombio 
faces,  the  plane  angles  of 
which  are  equal  to  109^        _  ,             yv       >               ,  / »         x       >. 

28'  16"  and  70°  31'  44".       /)<       //\  //  z^.** ■\r->t 

The  &ces  incline  to  each      1^    ^/  /     W        *^ 
other  at  the  edges  at  an 
angle  of  130O. 

5.  The  oetohedron  with 
a  square  base,  fig.  7,  b  ^' 
bounded  by  eight  iaces  which  are  eimilar  isoM^eles  triangles.    The  buo 
hbbb  is  always  a  square,  and  this  is  the  only  part  of  the  figure  which  is 
constant  _ 

6.  The   rectangular  octohe- 
dron,  fig.  8,  is  limited  by  eiffht 

soscelcs  triangles,  four  of  which 
are  different  from  the  other  four. 
The  base  hbbb  is  always  a  rect- 
angle ;  but  the  ratio  of  its  two 
sides,  as  well  as  all  the  other 
dimensions  of  the  figure,  is 
Tariable. 

7.  The  rhombic  oetohedron, 
Bg.  9,  is  contained  under  ei^ht 
faces  which  are  similar  scdene  trianglea,  and  the  base  ihbh  is  a  rhombs 
AH  its  dimensions  are  Tariable^ 


Fig.  10. 


Fig  11. 
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8.  The  right  square  prism, 
fig.  10,  is  a  siz-sided  figure, 
which  differs  from  the  cube 
only  in  its  four  VaUrai  planes 
teec  being  rectangles.  The  ex- 
treme or  itnninai  planes  ea  are 
square.  The  term  righi  denotes 
that  the  lateral  and  terminal 
planes  are  inclined  to  each  other  at  a  right  angle.  It  is  used  in  opposition 
to  Miqut^  which  signifies  that  the  sides  are  not  perpendicular,  but  form  an 
oblique  angle  with  the  terminal  planes. 

9.  The  right  rectangular  prism,  fig.  11,  differs  from  the  former  in  the 
^ygjinal  plimes  aa  being  rectangular  instead  of  square. 
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rig  12. 


Fig.  13. 
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Tig.  15, 


Fig.  16. 


Fig.  17. 


10.  The  rijphtrhombio  pfivtti, 
fig.  12,  differs  fi^om  the  two 
preceding  forms  only  in  its  ter- 
Biinsl  planes  o»  beiitf  rhombs. 

11.  The  right  rhomboidal 
prism,  fig.  13,  differs  from  the 
preceding  form  in  the  terminal 
planes  aa  being  rhomboids. 

12.  In  the  oblique  rhombic 
prism  the  terminal  plunes  aa  are 
rhombic,  and  the  lateral  planes 
ibrm  an  oblique  an^e  with  them. 
(Fie.  14.) 

13.    The    obHque    rhomboidal 
prism,  sometimes  called  the  doubly 
oblique  pritim,  6g.  15,  differs  from 
the  preceding  form  in  the  terminal 
planes  aa  being  rhomboids. 
^  14  The  rhombohedron,  fig. 
16,  is  bounded  by  six  rhombic 
faces,  which  are  exactly  of  the 
itme  size  and  form. 

15.  The  regular  hexagonal 
prism,  fig.  17,  is  bounded  by 
six  perpendicular  or  lateral, 
and  two  horizontal  or  terminal 
planes,  which  are  at  right 
angles  to  the  former.  Like  the 
regular  hexagon  of  geometry,  the  lateral  planes  incline  to  each  other  at  an 
angle  of  120  degrees.  If  these  angles  are  not  of  120  degrees,  the  prism  is 
irregular. 

The  four  first  forms  are  sreometrically  allied  to  each  other.  Thus,  if  the 
m  solid  angles  of  the  regular  octohedron  are  replaced  by  tangent  planes,  as 
in  fig.  18,  and  these  are  en»  '~  -*.     -~ 

larged  until  they  intersect  each 
other,  and  the  faces  of  the  octo- 
hedron disappear,  a  perfect 
cube  is  produced.  If  (he  twelve 
edges  of  the  octohedron  are  re- 
placed by  tangent  planes,  as  in 
figure  19,  and  these  ofe  ex- 
tended till  they  mutually  in- 
tersect, the  rhombic  dodecahe- 
dron  will  be  formed.  The  cube  may  by  analogous  changes  be  converted 
into  the  octohedron,  tetrahedron,  and  rhombic  dodecahedron.  For  if  the 
eight  solid  angles  of  the  cube  be  replaced  by  equilateral  trianeles,  (fig.  3.) 
ami  these  are  enlarged  till  the  planes  of  the  original  cube  are  destroyed,  tfas 
octohedron  results.  The  tetahedron  may  be  formed  by  replacing  Uie  four 
ioUd  angles  ec  and  dd  of  the  cube  (fig.  1.)  by  tangent  planes,  so  that  all  its 
original  faces  disappear.  By  replacing  the  twelve  edges  of  the  cube  with 
tangent  planes  as  in  fig.  3,  until  the  new  fiices  intersect  each  other,  the 
rhombic  dodecahedron  will  be  produced.  By  the  combination  of  the  planes 
of  dififerent  primary  forms,  various  secondary  ones  are  created,  as  is  made 
obrious  by  the  figures,  and  will  be  rendered  still  clearer  by  making  the 
transitions  above  described  with  an  apple  or  potato.  The  study  of  sueh 
allied  forms  is  very  important,  because  the  same  substance  often  occnrs  in 
several  of  these  figures,  and  may  assume  all  of  them. 

The  octohedron  with  a  square  base  is  allied  to  the  right  square  prism. 
Thus  if  in  fig.  7  two  tangent  planes  are  substituted  for  the  solid  angles  aa^ 
and  the  edges  of  the  base  are  replaced  by  faces  perpendicular  to  the  former, 
new  forms  will  resiUt    If  the  ftoea  of  the  octohedron  disappear,  the  rigb* 
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■qoare  prism  U  formed ;  but  if  tracts  of  them  remaiD,  secondary  forms  io- 
termediate  between  the  two  primary  ones  will  be  produced. 

The  rectangular  and  rhombic  pctohedrons  and  the  right  rectaoffukr  and 
rhombic  prisma  are  associated  with  each  other.  Thus  on  replacing  tbs 
solid  angles  oa,  and  the  four  edges  of  the  base  of  the  rectangukr  octohedron, 
by  tangent  planes,  and  extending  them  till  the  planes  of  the  octohedron  dis- 
appear, theright  rectangular  prism  is  formed  ;  and  the  rhombic  octohedron 
by  a  similar  change  is  converted  into  the  right  rhombic  prism.  By  apply- 
ing tangent  pJanes  to  all  the  edges  of  the  rhombic  octohedron  except  thorn 
of  the  base,  the  rectangular  octohedron  may  be  produced ;  and  by  a  reveised 
operation  the  latter  is  converted  into  the  former.  In  this  case  the  solid 
angles  of  the  rhombic  octohedron  must  be  so  placed  as  to  bisect  the  edges  of 
the  base  of  the  rectangular  octohedron. 

The  rhombdhedron  and  six-sided  or  heocagonal  prism  are  allied  to  each 
other.  If  tangent  planes  are  laid  on  the  two  solid  angles  aa  of  the  rhombo' 
hedron,  (fig.  16,)  and  either  the  six  solid  lateral  angles  marked  &,  or  tb« 
edges  between  them,  are  replaced  by  equal  planes  perpendicular  to  the 
former,  a  six-sided  prism  results ;  and  the  six-sided  prbm  may  be  recon- 
verted into  the  rhombohcdron  by  replacing  all  its  alternate  solid  angles  by 
equal  and  similar  rhombic  planes. 

The  six-sided  prism  is  often  associated  in  nature  with  a  double  six-sided 
pyramid,  formed  by  all  its  terminal  edges  being  replaced  by  isosceles 
triangles.  If  the  ftices  of  the  prism  disappear,  the  double  six-sided  pyramid 
results. 

The  crystalline  forms,  which  have  an  intimate  geometrical  connection 
with  each  other,  are  considered  by  crystallogra|^rs  as  constituting  certain 
groups,  which  are  termed  Systenu  of  CrygtaUization,  Thus,  of  the  fifteen 
primary  forms  above  described,  the  Tessular  System  of  Mohs  comprehends 
the  cube,  the  tetrahedron,  the  regular  octohedron,  and  the  rhombic  dodeca- 
hedron, together  with  several  oti^rs  not  enumerated ;  his  Pyramidal  System 
contains  the  octohedron  with  a  square  base,  and  the  right  square  prism ; 
the  Prismatic  System  contains  the  rectangular  and  rhombic  octohedron,  and 
the  rifi^ht  rectangular  and  right  rhombic  prisms ;  the  Hemiprismatic-System 
includes  the  right  rhomboidal  and  the  oblique  rhombic  prisnu ;  the  ohliqus 
rhomboidal  prism  belongs  to  the  Tetarto-prisroatic  System ;  and  the  Rhom- 
bohedral  System  comprehends  the  rhombohedron  and  the  regular  hexagonal 
prism.  This  distinction  is  so  &r  important,  that  all  the  forms  which  a  salt 
<ir  any  substance  assumes,  almost  always  belong  to  the  same  system  of 
erystailization. 

Besides  the  distinction  arising  from  external  Ibrro,  minerals  are  fiirther  dis- 
tinguished by  differences  in  the  mechanical  connexion  of  their  particles, 
peculiarities  which  mineralogists  designate  by  the  name  of  etnteture.  The 
structure  of  a  mineral  arises  from  its  particles  adhering  at  some  parts  less 
tenaciously  than  at  others,  and  consequently  yielding  to  force  in  one  direc- 
tion  rooro  readily  than  at  another.  Structure  is  sometimes  visible  by  hold- 
ing a  mineral  between  the  eye  and  the  light;  but  in  general  it  is  brought 
into  view  by  effecting  the  sctual  separation  of  parts  by  mechanical  means. 

The  structure  of  minerals  ma^  be  regular  or  irregular.  It  is  mgular 
when  the  separation  takes  place  in  such  a  manner,  that  the  detached  surfaces 
are  smooth  and  even  like  the  planes  of  a  crystal ;  and  it  is  irregular,  wheoi 
the  new  surface  does  not  possess  this  character. 

A  mineral  which  possesses  a  regular  structure  is  said  to  be  eUavabU  or 
to  admit  o£  cleavage ;  the  surfaces  exposed  by  splitting  or  cUaving  a  mineral 
are  termed  the  (aces  of  cleavage ;  and  the  direction  in  which  it  may  he 
cleaved  is  called  the  dtreciion  ^  cieanage.  Sometimes  a  mineral  is  deavable 
only  in  one  direction,  and  is  then  said  to  have  a  tingle  cleavage.  Others 
ma^  be  cleaved  in  two,  three,-  four,  or  more  directions,  and  are  said  to  hav« 
a  double^  irebU^  fourfold  cleavage,  and  so  on,  accordin^f  to  their  nmnber. 

Minerals  that  are  cleavable  in  more  tlian  two  directions  may,  by  the  ro- 
moval  of  layers  par«Jlel  to  the  planes  of  their  cleavage,  be  often  made  to  as- 
some  regular  primary  forms^  though  they  may  originally  have  possessed  n 
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(fiflerent  ^gon.  CalcMreom  vper,  ibr  eiunple,  oocon  in  rhemlM 
difierent  kinds,  in  haia^nal  prisms,  in  sii-sided  pjrramidB,  and 
-  combinations  of  these  forms;  but  it  has  three  sets  of  cleavage,  which  an  so 
inclined  to  each  other  as  to  constitute  a  rfaombohedron  of  inyariable  dimen* 
none,  and  into  that  form  every  ciystal  of  calcareous  spar  may  be  raduced* 
Lead  glance  possesses  a  treble  cleavage,  the  planes  of  which  sre  at  right 
angles  to  each  other ;  and  hence  it  is  always  convertible  by  cleavage  into 
the  cnbe.  The  cleavages  of  fluor  spar  are  foarfold,  and  in  a  direction  paral* 
lei  to  the  planes  of  the  regular  ootobedron,  into  which  form  every  cube  of 
floor  may  be  converted. 

Cleavage  not  only  affords  a  useful  character  for  distinguishing  minerals, 
but  is  frequently  employed  by  mineralogists  for  detecting  the  primary  foma 
of  crystals.  If  a  mineral  occur  in  two  or  more  of  those  forms  which  have 
been  enumerated  as  primary,  that  one  is  usually  selected  as  fundamental 
which  may  be  produced  by  cleavage.  Thus  fluor  spar  is  met  with  in  cabas, 
in  the  form  of  the  regular  octohedron,  and  as  the  rhombio  dodecahedron. 
Of  these  the  cube  is  bv  far  the  most  frequent ;  and  yet  the  octohedron  ia 
usually  adopted  as  the  fundamental  form,  because  fluor  has  fbor  equally  dis- 
tinct  cleavages  parallel  to  the  planes  of  that  figure.  It  is,  indeed,  a  praotioa 
very  common  among  mineralogists,  not  only  to  consider  cleavage  as  the 
most  influential  circumstance  in  fixing  the  primary  form  of  a  crystal,  but  to 
adopt  as  such  no  figure  which  is  inconsistent  with  its  cleavages. 

Since  the  forms  above  enumerated  as  belonging  to  the  tessular  system  of 
cr^tallization  are  possessed  of  fixed  invariable  dimensions,  it  is  obvious  that 
minerals,  or  other  crystallized  bodies  included  in  that  system,  must  oflen  in 
their  primary  forms  be  identical  with  each  other.  In  the  other  systems  of 
crystallization  this  identity  is  not  necessary,  because  the  dimensions  of  their 
forms  are  variable.  Thus  octohedrons  with  a  square  base  may  be  dis- 
tinguished by  the  relative  length  of  their  axis,  some  being  flat  and  others 
acute.  Rhombic  octohedrons  may  be  distinguished  from  each  other  by  tba 
relative  length  of  their  axis,  and  the  angles  of  their  base.  By  Hauy  it  was 
regarded  as  an  axiom  in  crystallography,  that  minerals  not  belonging  to  tha 
tessular  system  are  characterized  by  their  form  ;  tliat  though  two  minerals 
may  in  form  be  analogous,  each  for  instance  being  a  rhombic  prism,  the  di. 
mensions  of  those  prisms  are  dififerent.  Identity  of  form  in  crystals  not  in- 
duded  in  the  tessular  system  was  thought  to  indicate  identity  of  composition. 
Bat  in  the  year  1819,  a  discovery,  extremely  important  both  to  mineralogy 
and  chemistry,  was  made  by  Professor  Mitscherlich  of  Berlin,  relative  totha 
connexion  between  the  crystalline  form  and  composition  of  bodies.  It  ap- 
pears from  his  researches,*  that  certain  substances  have  the  property  of 
aasuminpr  the  same  crystalline  form,  and  may  be  substituted  for  each  other 
in  combination  without  affecting  the  external  character  of  the  compound. 
Thus  minerals  having  the  crystallization  and  structure  of  garnet,  and  which 
firom  their  appearance  were  believed  to  be  such,  have  been  found  on  analysis 
to  contain  different  ingredients.  Crystals  possessed  of  the  form  and  aspect 
of  alum  may  be  made  with  sulphates  of  potassa  and  peroxide  of  iron,  without 
a  particle  of  aluminous  earth;  and  a  crystal  composed  of  selenic  acid  and 
soda  will  have  a  perfect  resemblance  to  Glauber's  salt.  The  axiom  of  Hauy, 
therefore,  requires  an  essential  modification. 

To  the  new  branch  of  saieoce  laid  open  by  the  discovery  of  Mitscherlich, 
the  term  of  iaomorphism  (from  to-os  equal,  and  /uo^^»  form)  is  applied :  and 
those  substances  which  assume  the  same  figure  are  said  to  be  isomorphous. 
Of  these  isomorphous  bodies,  several  distinct  groups  have  been  described  by 
Mitscherlich.  One  of  the  most  instructive  of  these  includes  the  salts  of 
arsenic  and  phosphoric  acid.  Thus,  the  neutral  phosphate  and  biphosphate 
of  soda  have  exactly  the  same  form  as  the  arseniate  and  binarseniate  of 
aoda ;  phosphate  and  biphosphate  of  ammonia  correspond  to  arseniate  and  hi. 
narseniate  of  ammonia,  and  the  biphosphate  and  binarseniate  of  potassa  have 
the  same  form.  Each  arseniate  has  a  corresponding  phosphate,  possoesod  of 

•  Annalet  de  Ch.  et  de  Physique,  voL  xiv.  172,  xix.  350,  and  xxiv.  264  and  355.        
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the  nme  Ibrm  powniiing  the  nme  number  of  eqaivaleDti  of  add,  alkali«  and 
water  of  cryitallization,  and  difierin^  in  &ct  in  nothinff ,  except  that  one  aeries 
oontains  araenie  and  the  other  an  equivalent  quantity  of  phospSioniB.  A  seeond 
remarkable  group  contains  the  salts  of  sulphuric,  selenic,  chromic,  and  man- 
nnic  acids.  The  salts  of  baryta,  strontia,  and  oxide  of  lead  constitute  a 
third  group ;  and  a  fourth  consists  of  lime,  magnesia,  and  the  protoxides  of 
manganese,  iron,  cobalt,  nickel,  xinc,  and  copper.  A  fiflh  includes  alumina, 
peroxide  of  iron,  and  the  green  oxide  of  chromium ;  and  a  sixth  group  in* 
eludes  the  salts  of  permanganic  and  perchloric  acids.  In  comparing  together 
isomorphous  bodies  of  the  same  group,  identity  of  form  is  not  to  be  expected 
unless  there  is  similarity  of  composition.  A  neutral  phosphate  does  not 
correspond  to  a  binarseniate,  nor  a  biphosphate  to  a  neutral  arseniate :  an  an- 
hydrous sulphate  is  not  comparable  toahydrated  scleniate  of  the  same  base; 
nor  is  sulphate  of  protoxide  of  iron,  with  six  equivalents  of  water,  isomor- 
phous with  sulphate  of  protoxide  of  manganese  with  five  equivalents.  In 
all  such  instances,  if  chemical  composition  differ,  crystalline  form  is  also 
different 

The  ioUowing  table  oontains  the  principal  groups  of  isomorphous  sub- 
stances  at  present  observed  by  chemists :  a  more  extended  one,  partly  theo- 
retical,  has  been  drawn  up  by  Professor  Johnston,  of  Durham,  in  his  Report 
on  Chemistry  to  the  British  Association : — 

8. 


Silver          ....          Ag 
Gold Au 

Salts  of 
Soda 

Na. 

2. 

Arsenious  acid       ...        As 

Oxide  of  silver 

9. 

Ag. 

in  its  unusual  form  (page  354.) 
Sesquioxide  of  antimony        .         Sb 

Salts  of 

Baryta 

Strontia        .... 

Ba. 

Sr. 

3. 
Alumina        .        .        .        .        Al. 

Lime  (in  Arragonite) 
Protoxide  of  lead 

Ca. 
PK 

Sesquioxide  of  iron    .                .    Fe. 

4                       "~ 

Salts  of 
Phosphoric  acid      .        .        .        p! 

10. 
Salts  or 
Lime 

Magnesia 
Protoxide  of  iron 

Ck. 

Arsenic  acid                             .As. 
5.                        ~~ 
Salts  of 
Sulphuric  acid    .        .        .        .    S. 

manganese 
zinc 

nickel    . 
cobalt 

Mn. 

.    Zn. 
Nl. 
Co. 

Selenic  acid           .        .        .        Se. 
Chromic  acid      ...            Cr. 

copper    . 
lead(inpIumbo-^» 
calcite)    .       (; 

Cu. 
Pb. 

Manganic  acid                              Mn. 
6. 
Salts  of 
Perchloric  acid    ...         CI. 

ii. 
Salts  of 
Alumina        .... 

Sesquioxide  of  iron 

Fe. 

Permanganic  acid    .                .    Mn. 
7.                      "" 

sesquioxide  of  chromium 

Cr. 

Salts  of 
I'otassa K. 

Sesquioxide  of  manganese 

Mn. 

Ammoniawithl  eq.of  waterH3N+H. 
The  fkcts  above  mentioned  afford  indubiuUe  proof  that  the  form  of 
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crystals  is  materially  dependent  on  their  atomic  constitution ;  and  they  at 
first  induced  Mitacberlich  to  suspect  that  crystalline  form  is  determined 
solely  by  the  number  and  arrangement  of  atoms/  quite  independently  of 
their  nature.  Subsequent  observation,  however,  induced  him  to  abandon  this 
view ;  and  his  opinion  now  appears  to  be,  that  certain  elements,  which  are 
themselyes  isomorphous,  when  combined  in  the  same  manner  with  the- same 
.  substance,  communicate  the  same  form.  Similarly  constituted  salts  of  arsenic 
and  phosphoric  acids  yield  crystals  of  the  same  figure,  because  the  acids,  it 
is  thought,  are  themselves  isomorphous ;  and  as  the  atomic  constitution  of 
these  acids  is  similar,  each  containing  the  same  number  of  atoms  of  ozy. 
sen  united  with  the  same  number  of  atoms  of  the  other  ingredient,  it  is 
mferrcd  that  phosphorus  is  isomorphous  with  arsenic.  In  like  manner  it 
is  believed  that  selenic  acid  must  be  isomorphous  with  sulphuric  acid, 
and  selenium  with  sulphur ;  and  the  same  identity  of  form  is  ascribed  to 
all  those  oxides  above  enumerated,  the  salts  of  which  are  isomorphdUs. 
The  accuracy  of  this  ingenious  view  has  not  yet  been  put  to  the  test  of 
extensive  observation,  because  the  crystalline  forms  of  tne  substances  in 
question  are  for  the  most  part  unknown.  But  our  knowledge,  so  far  as  it 
goes,  is  favourable;  for  sesquioxide  of  iron  and  alumina,  the  salts  of  which 
possess  the  same  form,  are  themselves  isomorphous.  It  may  hence  be  in- 
ferred  as  probable,  that  Isomorphous  compounds  in  general  arise  from  iso- 
morphous elements  uniting^  in  the  same  manner  with  the  same  substance. 

Isomorphous  substances  have  often  very  close  points  of  resemblance,  quite 
independently  of  form.  Thus,  arsenic  and  phosphorus  have  the  same 
odour ;  they  both  form  gaseous  compounds  with  hydrogen  :  they  differ  from 
nearly  all  other  bodies  m  their  mode  of  combining  with  oxygen,  and  yet 
a|free  with  one  another,  vid  their  salts  are  disposed  to  combme  with  the 
same  quantity  of  water  of  crystallization.  '  A  similar  analogy  subsists  be- 
tween selenium  end  sulphur,  both  being  fusible,  volatile,  and  combustible 
in  nearly  the  same  degree,  fbrminff  with  hydrogen  colourless  gases  which 
are  similar  in  odour  and  in  their  chemical  relations,  and  giving  rise 
to  analogous  compounds  with  oxygen.  The  characters  of  sulphuric  and 
selenic  acids  in  particular  are  very  similar ;  and  the  salts  of  these  acids  are 
equally  allied.  Sulphate  of  soda,  for  example,  has  the  unusual  property  of 
bein|r  less  soluble  in  water  at  212^  than  at  100^,  and  the  very  same  peculxa- 
rity  IS  observable  in  seleniate  of  soda.  The  same  intimacy  of  relation,  exists 
between  baryta  and  strontia,  between  lime  and  magnesia,  and  between  cobalt 
and  nickel. 

Isomorphous  substances,  owing  doubtless  to  the  various  points  of  resem- 
blance which  have  just  been  traced,  crystallize  together  with  great  readiness, 
and  are  separated  from  each  other  with  difficulty.  Dr.  Daubeny  has  re- 
marked that  a  weak  solution  of  lime,  which  in  pure  water  would  be  instantly 
indicated  by  <f9^te  of  ammonia,  is  very  sluggishly  affected  by  that  test 
when  much  sulplkEte  of  magnesia  is  present ;  and  I  find  that  chloride  of 
manganese  cannot  he  purified  from  lime  by  oxalate  of  ammonia.  A  mixture 
of  the  sulphates  of  the  protoxides  of  copper  and  iron  yields  crystals  which 
have  the  same  quantity  of  water  of  crystallization  (six  equivalents),  and  the 
same  form  as  ^reen  vitriol,  though  they  may  contain  a  large  quantity  of 
copper.  The  sulphates  of  the  protoxides  or  zinc  and  copper,  of  copper  and  mag- 
nesium, of  copper  and  nickel,  of  zinc  and  manganese,  and  of  magnesium  and 
manganese,  crystallize  together,  contain  six  equivalents  of  water,  and  have  the 
same  form  as  green  vitriol,  without  containing  a  particle  of  iron.  These  mixed 
salts  may  be  crystallized  over  and  over  again  without  the  ingredients  beingr 
separated  from  each  other,  just  as  it  is  extremely  difficult  to  purify  alum 
from  sesquioxide  of  iron,  with  which  alumina  is  isomorphous.  In  these  in- 
stances  the  isomorphous  salts  do  not  occur  in  definite  proportions :  they  are 
not  chemically  united  as  double  salts,  but  merely  crystallize  together. 

The  same  intermixture  of  isomorphous  substances  which  takes  place  in 
artificial  salts,  is  found  to  occur  in  minerals,  and  affords  a  luminous  expla- 
nation of  the  great  variety  both  in  the  kind  and  proportion  of  substances ' 
which  may  coexist  in  a  mineral  species,  without  its  external,  character  being 
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ConsiitenUy  with  the  Tiewt  developed  in  the  pieoediii|r  pages,  I  have 
{grouped  together  all  saline  compounds  whioh  have  a  certain  similarity  of 
composition  into  one  great  olass  of  mU$^  which  is  divided  into  the  roar 
following  orders : — 

Order  I.  The  ox^-ealts.  This  order  includes  no  salt  the  acid  or  faaee  of 
which  is  not  an  oxidized  body. 

Order  II.  The  hydro-salts.  This  order  indodes  no  salt  the  acid  or  base 
of  which  does  not  contain  hydrogen. 

Order  III.  The  salphnr-salts.  This  order  includes  no  salt  the  electio. 
positive  or  negative  ingredient  of  which  is  not  a  solphuret 

Order  IV.  The  haloid-salts.  This  order  includes  no  salt  the  electro-posi- 
tive or  negative  ingredient  of  which  is  not  haloidaL  ' 

The  nomenclature  of  the  first  order  of  salts  was  ezplaiBed  on  a  farmer 
occasion  (page  193).  The  insufficiency  of  the  division  into  nemtral,  9uper, 
and  stti-salts  will  be  made  apparent  by  the  following  remarks.  In  the  nnt 
place,  some  alkaline  bases  form  more  than  one  super-salt,  in  which  case  two 
or  more  diflerent  salts  would  be  included  under  the  same  name.  Secondly, 
some  salts  have  an  acid  reaction,  and  might,  therefore,  be  denominated 
super>salt8,  although  they  do  not  contain  an  excess  of  acid.  Nitrate  of  oxide 
of  lead,  for  instance,  has  the  property  of  reddening  litmus  paper;  whereas  it 
consists  of  one  equivalent  of  oxide  of  lead  and  one  equivalent  of  nitric  aoid, 
and,  therefore,  in  composition  is  precisely  analogous  to  nitrate  of  potassa, 
which  is  a  neutral  salt  This  &ct  was  noticed  some  years  ago  by  Berxeliua, 
who  accounted  for  the  circumstance  in  the  following  manner.  The  cokiur 
of  litmus  is  naturally  red,  and  it  is  only  rendered  blue  by  the  colouring 
matter  combining  with  an  alkali.  If  an  acid  be  added  to  the  blue  oodk 
pound,  the  colouring  matter  is  deprived  of  its  alkali,  and  thus,  being  set  fiee, 
resumes  its  red  tint  Now  on  bringing  litmus  paper  in  contact  with  a  salt, 
the  acid  and  base  of  which  have  a  weak  attraction  for  each  other,  it  is  pes- 
sible  that  the  alkali  contained  in  the  litmus  paper  may  have  a  stronger 
affinity  for  the  acid  of  the  salt  tlian  the  base  has  with  which  it  was  combined; 
and  in  that  case  the  alkali  of  the  litmus  being  neutralized,  its  red  colour  will 
necessarily  be  restored.  It  is  hence  apparent  that  a  salt  may  have  an  add 
reaction  without  having  an  excess  of  add. 

The  nomenclature  of  the  hydro-salts  is  framed  on  the  same  principle  as  that 
applied  to  the  salts  which  contain  oxygen.  With  respect  to  the  third  and  fourth 
order  of  salts  no  general  principle  of  nomenclature  has  yet  been  agreed  on. 
Berzclius  has  extended  to  them  the  same  nomenclature  which  he  employ* 
for  the  oxy-sahs,  and  some  chemists  seem  disposed  to  follow  his  example ; 
but  as  new  views  are  apt  to  be  obscured,  and  their  intrinsic  value  overlooked, 
by  being  expressed  in  new  language,  I  shall  confine  myself  as  much  as 
possible  to  terms  with  whicK  every  chemist  is  familiar.  It  is  worthy  of 
consideration  whether  the  nomenclature  of  the  sulphur  and  haloid  salts, 
instead  of  being  purposely  assimilated  to  that  of  the  other  salts,  should  not 
designedly  be  kept  distinct,  in  order  the  more  readily  to  diating'uish  between 
analogous  compounds. 

Nearly  all  salts  are  solid  at  common  temperatures,  and  most  of  them  are 
capable  of  crystallizing.  The  colour  of  salts  is  very  variable,  having  no 
necessary  connexion  with  the  colour  of  their  elements.  Salts  composed  of 
a  colourless  acid  and  base  are  colourless ;  but  a  salt,  though  formed  of  a 
coloured  oxide  or  acid,  may  be  colourless ;  or,  if  coloured,  the  tint  may 
differ  from  that  of  both  of  its  constituents. 

All  soluble  salts  are  more  or  less  sapid,  while  tliose  that  are  insoluble  in 
water  are  insipid.  Few  salts  are  possessed  of  odour :  the  most  remarkable 
one  for  this  property  is  carbonate  of  ammonia. 

letter  on  the  Berzdian  nomenclature,  addressed  to  Professor  Silliman,  and 
dated  in  June,  1834.  Dr.  Hare  had  entertained  his  peculiar  views  fbr  some 
time  before  the  date  of  his  letter,  and  before  he  was  aware  that  Bonsdorff 
nad  held  similar  opinions.— £</. 
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Sd(8  differ  remarkably  in  their  affinity  for  water.  Thus  some  aalta,  such 
as  the  nitrates  of  time  and  magnesia,  are  deUqueseent,  that  is,  attract  mols- 
ture  from  the  air,  and  become  liquid.  Others,  which  have  a  less  powerful 
attraction  for  water,  undergo  no  change  when  the  air  is  dry,  but  become 
moist  in  a  humid  atmosphere ;  and  others  may  be  exposed  without  change 
to  an  atmosphere  loaded  with  watery  vapour. 

Salts  difier  likewise  in  the  degree  of  soIubiUty  in  water.  Some  dissolve 
in  less  than  their  weight  of  water ;  while  others  require  several  hundred  times 
their  weight  of  this  liquid  for  solution,  and  others  are  quite  insoluble.  This  dif- 
ference depends  on  two  circumstances,  namely^  on  their  affinity  for  water,  and 
on  their  cohesion :  their  solubility  being  in  direct  ratio  with  the  first,  and 
in  inverse  ratio  with  the  second.  One  salt  may  have  a  greater  affinity  for 
water  than  another,  and  yet  be  less  soluble ;  an  effect  which  may  be  pro- 
duced by  the  cohesive  power  of  the  salt  which  has  tlie  stronger  attraction 
for  water,  being  greater  than  that  of  the  salt  which  has  a  less  powerful 
affinity  for  that  liquid.  The  method  proposed  by  Gay-Lussac  for  estimating 
the  relative  dee^rees  of  affinity  of  salts  for  water  (An.  de  Ch.  Ixxzii.)  is  by 
dissolving  equal  quantities  of  salts  in  equal  quantities  of  water,  and  applying 
heat  to  the  solutions.  That  salt  which  has  the  greatest  affinity  for  the 
menstruum  will  retain  it  with  most  force,  and  will,  therefore,  require  the 
highest  temperature  for  boiling. 

Salts  which  are  soluble  in  water  crystallize  more  or  less  regularly  when 
their  solutions  are  evaporated.  If  the  evaporation  is  rendered  rapid  by  heat, 
the  salt  is  usually  deposited  in  a  confused  crystalline  mass ;  but  if  it  take 
place  slowly,  regular  crystals  are  formed.  The  best  mode  of  conducting  tlie 
process  is  to  dissolve  a  salt  in  hot  water,  and  when  it  has  become  quite  cold, 
to  pour  the  saturated  solution  into  an  evaporating  basin,  which  is  to  be  set  aside 
fi>r  several  days  or  weeks  without  being  moved.  As  the  water  evaporates,  the 
salt  assumes  the  solid  form ;  and  the  slower  the  evaporation,  the  more  regu- 
lar are  the  crystals.  Some  salts  which  are  much  more  soluble  in  hot  than 
in  cold  water,  crystallize  with  considerable  regularity  when  a  boiling 
saturated  solution  is  slowly  cooled.  The  form  which  salts  assume  in  crys- 
tallizing is  constant  under  the  same  circumstances,  and  constitutes  an 
excellent  character  by  which  they  may  be  distinguished  from  one  anotlier. 

Many  salts  during  the  act  of  crystallizing  unite  chemically  with  a 
definite  portion  of  water,  which  forms  an  essential  part  of  the  crystal,  and 
is  termed  water  o£  crystallization.  The  quantity  of  combined  water  is  very 
variable  in  diffiirent  saline  bodies,  but  it  is  uniform  in  the  same  salt.  A  salt 
may  contain  more  than  half  its  weight  of  water,  and  yet  be  quite  dry.  On 
exposing  a  salt  of  this  kind  to  heat,  it  is  dissolved,  if  soluble,  in  its  own 
water  of  crystallization,  undergoing  wliat  is  termed  the  watery  fusion.  By 
a  strong  heat,  the  whole  of  the  water  is  expelled ;  for  no  salt  can  retain  its 
water  of  crystallization  when  heated  to  redness.  Some  salts,  such  as  sulphate 
and  phosphate  of  soda,  lose  a  portion  of  their  water,  and  crumble  down  into 
a  white  powder,  by  mere  exposure  to  the  air,  a  change  which  is  called 
efflorescence.  The  tendency  of  salts  to  undergo  this  change  depends  on  the 
dryness  and  coldness  of  the  air;  for  a  salt  which  effloresces  rapidly  in  a 
moderately  dry  and  warm  atmosphere,  may  often  be  kept  without  change  in 
one  which  is  damp  and  cold. 

Salts,  in  crystallizing,  frequently  enclose  mechanically  within  their  tex- 
ture particles  of  water,  by  the  expansion  of  which,  when  heated,  the  salt  is 
burst  with  a  crackling  noise  into  smaller  fragments.  This  phenomenon  is 
known  by  the  name  of  decrepitation,  Berzelius  has  correctly  remarked  that 
those  crystals  decrepitate  most  powerfully,  such  as  the  nitrates  of  baryta  and 
oxide  of^lead,  which  contain  no  water  of  crystallization. 

The  atmospheric  pressure  is  said  to  have  considerable  influence  on  the 
crystallization  of  salts.  If)  for  example,  a  concentrated  solution,  composed 
of  about  three  parts  of  sulphate  of  soda  in  crystals  and  two  of  water,  is 
made  to  boil  briskly,  and  the  flask  which  contains  it  is  then  tightly  corked, 
while  its  upper  part  is  full  of  vapour,  the  solution  wiU  cool  down  to  the 


436  SULPHATES. 

Names.  Baoe.  Acid.  Equiv. 

Tersnlph.  alumina       .    51.4      leq^l30.3     3  eq.erl71.7 

Do.    in  ciyatalfl  with  162  or  18  eq.  of  water     .    8=333.7 

Sulph.protox.  manganese  35.7      1  eq.-|^  40.1      1  eq^cs  75.8 
Da    in  Crjatala  with    45  or    5  cq.  of  water      .    =120.8 

Sulph.  protox.  iron       .    36         1  eq.+  40.1     1  eq.=  76.1 
Do.    in  orystals  with    54  or    6  eq.  of  water      .    s=l30.1 

Ter8ulph.8eflqnior.iron   80         1  eq.+ 120.3     3  oq.=200^ 
Disuipb.  eesquioz.  iron   160         2  eq,+  40.1      1  eq.=300.1 

Do.  aa  a  hydrate  with  54  or    6  eq.  of  water      .    =2541 
Sulph.  protoz.  zinc       .    40.3      1  eq.4.  40.1      1  eq;=  80.4 

Do.    in  crystals  with  63  or    7  eq.  of  water      .    s=  143.4 
Sulph.  protoz.  mckel    .    373      1  eq.4.  40.1     1  eq.=  77.6 

Do.    in  crystals  with    63  or    7  eq.  of  water     .    =140.6 
Sulph.  protox.  oobaH    .    37.5      1  eq^-  40.1     1  tq^  77.6 

Da  in  crystals  with  54  or  6  eq.  of  water  .  ^=131.6 
Tersnlph.  sesquiox.  chrom.  80  1  eq.+120.3  3  eq.=2003 
Sulph.  protox.  copper  39.6  1  eq.+  40.1  1  eq«  79.7 
Disulph.  protox.  copper  79iJ  2  eq.4-  40.1  1  eq«  119.3 
Sulph.  protox.  mercury  210  1  eq.+  40.1  1  eq.=250.1 
Subsulp.  perox.  mercury  872  4  eq.+120.3  3  eq.=9923 
Bi8ulph.perox.  mercury  218  1  eq.-f  80.2  2^eq.=298.2 
Sulph.  ox.  Bil?er    .    .     116       1  eq.+  40.1      1  eq.=15&l 

DOUBLE  SULPHATKS. 

N''-^'  Equiy. 

Sulphate  of  soda  J  Sulph.  soda  71.4  lea.)      ,^^ 

andhme  }     da    lime  68.6  leq.(=^^^ 

Sulph.  of  pota88a  \  Sulph.  potaasa     8755  1  eq.  >      ,  ^o  ne 

and  magnesia  }     da    magnesia  60.8  1  cq.  J  =148.05 

Do.        with  54  or  6  eq.  of  water       .        .       siJ202.05 

Sulph.  of  ammonia  J  Sulph.  ammonia  57.25  1  eq.  >      , ,  o  ^- 
and  magnesia        )     da   magnesia  60.8    leq.<=^^^"^ 
Do.        with  63  or  7  eq.  of  water      .        .        =181.05 


Formnlaa. 

Mn+si 
Fe+S. 


2FH-Sw 

Zn^a 
N14.& 
Co+S. 

Cu+S. 

2Cu4-S. 

Hg+S 
4Hg+3& 
Hg+5£ 

FormulsB. 
Nj£+CaSl 

KS+Mg& 


Sulph.  of  soda         J  Sulph.  soda         71.4    1  eq.  )      ,^„ 

and  magnesia        }    da    magnesia  60J9    leq.J^^^"^ 

I*o-        with54or  6eq.  ofwater      .        .        ==1865 


H^NS+MgS. 
NaS+MgS. 
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Sdph.  of  potassa     3  ^^Ip^  PO^"^     87^  1  eq.  >      ocaoc    irgLiTia 
and  alumina  J  Teraolph.  alum.  171.7    1  eq.  ^  ""'^•^*    Ji»+-AlS8 

Do.        ¥pMi916or24eq.  ofwater  —474.95 

Salph.or8oda         ( Sulph.  aoda  71.4    1  eq.  >     o4«i       Ti.Qli_AiQ« 

and  alumina         i  Tersulph.  alum.  171.7    1  eq.  J -^^^'^      NaS+AlS« 

Do.        with  234  or  26  eq.  of  water  —477.1 

Sulpb.  ofpotaMa    )  Sulph.  potaasa     87.25  1  eq.  >      11*0 nc    vZiitr^Si 
and  protor,  man;.  }  do. protox. mang. 75.8    1  eq.  \  -l^^.OS    KS+MnS. 

Do.        witb54or  6eq.  ofwater        •        .      —217.05 

Sulph.  of  ammonia  \  Sulph.  ammonia  57.25  1  eq.  ^      1 00  nr  u.-mc  ■  liff  a 
and  protox.  mang.  )  do.  protox.  mang.  75.8    1  «j.  \  -133.05  H»NS+MnS. 

Da        with  63  or  7  eq.  of  water        .  —196.05 

The  protoxides  of  iron,  zinc,  nickel,  and  cobalt  yield  with  potaasa  and 
ammonia  double  salU  exactly  agreeing  in  form  and  composition  with  the 
preceding  double  salts  of  magnesia  and  oxide  of  manganese. 

Sulphate  of  Potasta. — This  salt  is  easily  prepared  artificially  by  neutral* 
izing  carbonate  of  potassa  with  sulphuric  acid;  and  it  is  procured  abundant- 
ly by  neutralizing  with  carbonate  of  potassa  the  residue  of  the  operation  for 
preparing  nitric  acid.  (Page  181.)  Its  taste  is  saline  and  bitter.  It  ffene. 
rally  crystallizes  in  six-sided  prisms,  bounded  by  pyramids  with  six  sides ; 
the  size  of  which  is  said  to  be  much  increased  by  the  presence  of  a  little  car- 
bonate of  potaasa.  Its  primary  form,  according  to  Mitscherlich,  is  a  rhombic 
octohedron,  and  it  is  isomorphous  with  chromate  and  seleniate  of  potassa. 
(Po|f.  AnnaLlen,xviii.  168.)  The  crystals  contain  no  water  of  crystallization, 
and  suffer  no  change  by  exposure  to  the  air.  They  decrepitate  when  heated, 
and  enter  into  fusion  at  a  red  heat.  Thev  require  16  times  their  weight  of 
water  at  60^,  and  5  of  boiling  water  for  solution. 

Bi$ulvhaU  of  potassa  is  easily  formed  by  exposing  the  neutral  sulphate 
with  half  its  weight  of  strung  sulphuric  acid  to  a  heat  just  below  redness,  in 
a  platinum  crucible,  until  acid  fumes  cease  to  escape.  The  primary  form  of 
its  crystals  is  a  right  rhombic  prism,  but  which  is  in  general  so  flattened  at 
to  be  tabular.  It  has  a  strong  sour  taste,  and  reddens  litmus  paper.  It  is 
much  more  soluble  than  the  neutrd  sulphate,  requiring  for  solution  only 
twice  its  weight  of  water  at  60^,  and  less  than  an  equal  weight  at  212^  F. 
It  is  resolved  by  heat  into  sulphuric  acid  and  the  neutral  sulphate. 

Mr.  Phillips  has  described  a  tesquUulpkatet  obtained  in  the  form  of 
acicular  crystals  like  asbestus,  from  the  residue  of  the  process  for  making 
nitric  acid.  The  conditions  for  ensuring  its  production  have  not  been 
determined.  (PhiL  Mas.  and  Annals,  ii.  421.) 

Sulphaie  of  iSocia.— ?rhis  compound,  commonly  called  Glauber^t  saltt  is 
occasionally  met  with  on  the  surface  of  the  earth,  and  is  frequently  con- 
tained in  mineral  springs.  It  may  be  made  by  the  direct  action  of  sulphuric 
acid  on  carbonate  of  soda,  and  it  is  procured  in  large  quantity  as  a  residue 
in  the  process  for  forming  hydrochloric  acid  and  chlorine.  (Pages  210  and 
212.) 

Sulphate  of  soda  has  a  cooling,  saline,  and  bitter  taste.  It  commonly 
yields  four  and  six-sided  prismatic  crystals,  but  its  primary  form  is  a  rhom- 
bic  octohedron.  Its  crystals  effloresce  rapidly  when  exposed  to  the  air, 
losing  the  whole  of  their  water.    When  heated  they  readily  undergo  the 

37* 


438  SULPHATCS. 

watery  ftttion.  At  309  100  parts  of  water  dxaaoUe  13  parte  of  the  cryitalB,  48 
parts  at  64^°.  100  parU  at  77°,  270  at  89.5°,  and  322  at  91^°.  On  in- 
creasing the  heat  beyond  this  point,  a  portion  of  the  salt  is  deposited,  bein^ 
less  soluble  than  at  91^°.  (Gay-Lussac.)  If  a  solution  saturated  at  91^^  is 
evaporated  at  a  higher  temperature,  the  salt  is  deposited  in  opaque  anliy- 
drouB  prisms,  the  primary  form  of  which  is  a  rhombic  octohedron.  Its 
specific  gravity  in  this  state  is  2.462.  (Haidinger.) 

Bi$ulpha$0  of  soda  may  be  formed  in  the  same  manner  as  the  anakgoaa 
salt  of  potassa. 

Sulphate  of  LUkia. — ^This  salt  is  very  soloble  in  water,  fuses  by  heat  more 
readily  than  the  sulphates  of  the  other  alkalies,  and  crystalbzes  in  flat 
prisms,  which  resemble  sulphate  of  soda  in  appearance,  but  do  not  effloresce 
on  enxMure  to  the  air.    Its  taste  is  saline  without  being  bitter. 

Sulphate  of  Ammonia. — This  salt  is  easily  prepared  by  neutralizing  car- 
bonate of  ammonia  with  dilute  sulphuric  acid;  and  it  is  contained  in  odd- 
siderable  quantity  in  the  soot  from  coal.  It  crystallizes  in  long  flattened  six- 
sided  prisms.  It  dissolves  in  two  parts  of  water  at  60°,  and  in  an  eqnal 
weight  of  boiling  water.  In  a  warm  dry  air  it  effloresces  and  loses  half  of 
its  water.  When  sharply  heated  it  fuses,  gives  off'  its  water  of  crystalliza- 
tion along  with  some  ammonia,  and  is  tlien  decomposed,  yielding  nitrqgen 
gas,  water,  and  sulphate  of  ammonia. 

Sulphate,  of  Ektryta, — Native  sulphate  of  baryta,  commonly  called  heavy 
9par^  occurs  abundantly,  chiefly  massive,  but  sometimes  in  anhydrous  crys- 
tals, the  form  of  which  is  variable,  being  sometimes  prismatic  and  some- 
times tabular,  deducible  from  a  right  rhombic  prism.  Its  density  is  abont 
4.4.  It  is  easily  formed  artificially  by  double  decomposition.  Thb  salt 
bears  an  intense  heat  without  fusing  or  undergoing  any  other  change,  and 
is  one  of  the  must  insoluble  substanees  with  which  chemists  are  acquainted. 
It  is  sparingly  dissolved  by  hot  and  concentrated  sulphuric  acid,  but  is  pre- 
cipitated by  the  addition  of  water. 

Sulp' 
abund 

Its  density  is  3.85B.  As  obtained  by  the  way  of  double  decomposition,  it  is 
a  white  heavy  pdwder,  very  similar  to  sulphate  of  baryta,  and  requii^s 
about  3840  tiroes  its  weight  of  boiling  water  ror  solution. 

Sulphate  of  lAme^ — ^This  salt  is  easily  formed  by  mixing  in  solution  a  salt 
of  lime  with  any  soluble  sulphate.  It  occurs  abundantly  as  a  natural  pro- 
duction. The  mineral  called  anhydrite  is  anhydrous  sulphate  c»f  lime;  and 
all  the  varieties  ofgypoum  are  composed  of  the  same  salt,  united  with  water. 
The  pure  crystallized  specimens  of  gypsum  are  sometimes  saHed  adenite ; 
thd  the  white  compact  variety  is  employed  in  statuary  under  the  name  of 
aiabaster.  The  crystals  are  generally  flattened  prisms,  the  primary  form  of 
whieh*is  a  rhombie  prism.  The  hydrous  salt  is  deprived  of  its  water  by  a 
low  fed  heat,  and  in  this  state  forms  plaster  of  Paris.  Its  property  of  be- 
coming hard,  when  made  into  a  thin  paste  with  water,  is  owing  to  the 
anhydrous  sulphate  combining  chemically  with  that  liquid,  and  thus  de- 
privingUt  of  its  fluidity. 

Solvate  of  Kme  has  hardly  any  taste.  It  is  considerably  more  soluble 
than  the  sulphate  of  baryta  or  strontia,  requiring  for  solution  about  500  parts 
•f  cold,  and  450  of  boiling  water.  Owing  to  this  circumstance,  and  to  its 
existing  so  abundantly  in  the  earth,  it  is  frequently  contained  in  spring 
water,  to  which  it  communicates  the  property  caUed  hardness.  When 
freshly  precipitated,  it  may  be  dissolved  completely  by  dilute  nitric  acid. 
It  is  commonly  believed  tosustain  a  white  heat  without  decomposition ;  bat 
Dr.  Thomson  states,  that  it  parts  with  some  of  its  acid  when  heated  to  red- 
ess 

Suiphaie  of  Magneeia. — ^This  sulphate,  generally  known  by  the  name  of 
£peom  Salt,  is  frequently  contained  in  mineral  springs.  It  may  be  made 
directly,  by  neutralizing  dilute  sulphuric  acid  with  carbonate  of  magnesia ; 
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bat  it  is  procured  for  the  purposes  of  commerce  by  the  action  of  dilate 
salphuric  acid  on  magnesian  limestone,  natlye  carbonate  of  lime  and  magnesia. 

Sulphate  of  magnesia  has  a  ^saline,  bitter,  and  nauseous  taste.  It  crys- 
tallizes readily  in  small  quadrangular  prisms,  which  effloresce  slightly  in  a 
dry  air.  It  is  obtained  also  in  larger  crystals,  which  are  irregular  six-sided 
prismq,  terminated  by  six-sided  summits.  Its  piimary  form  is  a  right 
rhombic  prism,  the  angles  of  which  are  9QP  30'  and  89°  30'.  (Brooke.)  Its 
cnrstals  are  soluble  in  an  equal  weight  of  water  at  60°,  and  in  three-fourths 
of'^  their  weight  of  boiling  water.  They  undergo  the  watery  fifsion  when 
heated ;  and  the  anhydrous  salt  is  deprived  of  a  portion  of  its  acid  at  a  white 
heaL 

Sulphatea  of  Aluminai — ^The  tersulphaie  is  prepared  by  saturating  dilute 
sulphuric  acid  with  hydrated  alumina,  and  evaporating.  It  crystallizes  with 
difficulty  in  thin  flexible  plates  of  a  pearly  lustre,  which  contain  eighteen  eq. 
of  waler^and  require  twice  their  weight  of  water  for  solution.  Berzelius  says 
it  occurs  native  at  Milo,  in  the  Grecian  Archipelaga  It  has  an  acid  reaction. 

The  hydrated  disulphate  is  known  to  mineralogists  under  the  name  of 
aluminiUy  which  occurs  at  Halle  on  the  river  Saal,  and  at  Newhaven  in 
Sussex;  and  Berzelius  says  the  same  compound  falls  when  ammonia  is 
added  to  a  solution  of  the  tersulphate.  It  is  insoluble  in  water,  and  by  heat 
is  first  rendered  anhydrous,  and  then  its  acid  is  expelled,  leaving  pure 
alumina.  The  composition  given  in  the  table  is  from  an  analysis  of  alumi- 
nite  from  both  its  localities  by  Stromeyer. 

Sulphate  of  Protoxide  of  Manganese. — ^This  salt  is  best  obtained  by  dis- 
solving  pure  carbonate  of  manganese  in  moderately  dilute  sulphuric  acid, 
and  setting  the  solution  aside  to  crystallize  by  spontaneous  evaporation. 
The  crystds  are  transparent,  and  of  a  slight  rose  tint,  in  taste  resemblins' 
Glauber's  salt,  and  occur  in  flat  rhombic  prisms.  It  is  insoluble  in  alQohoT, 
but  dissolves  in  twice  and  a  half  its  weight  of  cold  water.  If  the  heat  is 
gradually  applied,  it  may  be  increased  to  redness  without  expelling  any  of 
the  acid. 

Sulphates  of  the  Oxides  of  Iron. — Sulphate  of  the  protoxide,  commonly 
called  green  vitriol,  is  formed  by  the  action  of  dilute  sulphuric  acid  on 
metallic  iron  (page  162),  or  by  exposing  protosulphuret  of  iron  in  fragments 
to  the  corobineid  agency  of  air  and  moisture.  The  salt  has  a  strong  styptic, 
inky  taste.  Though  neutral  in  composition,  being  composed  of  one  equiva- 
lent of  each  element,  it  reddens  the  vegetable  blue  colours.  It  is  insoluble 
in  alcohol,  but  soluble  in  two  parts  of  cold,  and  in  three-fourths  of  its  weight 
of  boiling  water.  It  occurs  in  right  rhombic  prisms,  which  are  trans, 
parent,  and  of  a  pale  green  tint ;  but  when  its  water  of  crystallization  is 
expelled,  it  is  of  a  dirty  white  colour.  This  salt  is  employed  in  the  mano- 
fiictare  of  fuming  sulphuric  acid.  (Pi^^e  194.) 

The  tersulphate  of  the  sesquioxide  is  formed  by  mixing  with  a  solution  of 
the  protosulphate  exactly  half  as  much  sulphuric  acid  as  that  salt  contains, 
and  adding  to  the  mirture  in  a  boiling  state  successive  portions  of  nitric 
acid  until  nitrons  acid  fumes  cease  to  appear.  The  solution  is  then  evapora- 
ted to  dryness  to  expel  the  excess  of  nitric  acid,  and  the  tersulphate  remains 
as  a  white  salt  Afler  beinc^  strongly  heated  it  dissolves  slowly  in  water ; 
but  if  evaporated  at  a  gentSs  heaC  it  is  deliouescent,  and  very  soluble  in 
water  and  alcohol,  but  insoluble  in  strong  sulfmuric  acid.    At  a  red  heat  it 

fives  out  all  its  acid,  and  sesquioxide  of  iron  is  left    Its  solution  in  water 
as  an  orange  colour,  which  is  yellow  when  much  dilated. 
The  disutf^e  (^  the  sesquioxide  falls  as  a  hydrate  of  an  ochreous  coloar, 
when  a  solution  of  the  protosulphate  is  kept  in  an  open  vessel. 

Sulphate  of  Protoxide  of  Zincw— This  salt,  frequently  called  toAttc  m<rto2, 
is  the  residue  of  the  process  for  forming  hydrogen  gas  by  the  action  of  dilute 
sulphuric  acid  on  metalfic  zinc ;  but  it  is  also  made,  for  the  purposes  of  com- 
merce,  by  roasting  native  sulphnret  of  sine.  It  crystallizes  by  spontaneous 
evaporation  in  transparent  flattened  foar-sided  prisms,  referable  to  a  right 
rhombic  prism,  and  isomorphoas  with  Epsom  salu    The  crystals  dissolve  in 
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two  parts  and  a  half  of  eold,  and  are  still  more  lolahle  in  botiin;  water. 
The  taste  of  this  salt  is  strongly  styptic  It  reddens  TegetaUe  blue  ooban» 
thonffh  in  oomposition  it  is  a  strictly  neutral  salL 

SulpkaU  ^  PrciMeidt  of  iVteibei.— This  salt,  like  the  salts  of  hickel  in 
ffeneral,  is  of  a  green  colour,  and  crvstallixes  from  its  solution  in  pure  water 
in  right  rhombic  prisms  eiactly  similar  to  the  primary  form  of  the  sulphates 
of  zinc  and  magnesia.  If  an  excess  of  sulphuric  acid  is  present,  the  erystnle 
are  square  prisms,  which,  according  to  Messrs.  R.  Phillips  and  Cooper,  oon* 
tain  rather  less  water  and  more  a<^d  than  the  preceding ;  though  the  «lifibr- 
•noe  is  not  so  great  as  to  indicate  a  different  atomic  constitution.  (Annals 
of  Philosophy,  xzii.  439.  Dr.  Thomson  says  he  analyzed  both  kinds,  and 
ibnnd  their  oomposition  identical.  It  is  soluble  in  about  three  times  ita 
weight  of  water  at  eO°  F. 

Sulphate  of  Protoxide  of  Cobalt. — ^When  protoxide  of  cobalt  is  digested 
in  dilute  sulphuric  acid,  a  red  solution  is  formed,  which  hy  eraporation  de- 
posites  crystals  of  the  same  colour.  Mitscherlich  has  shown  that  the  crys. 
tals  are  identical  in  composition  with  sulphate  of  protoxide  of  iron ;  and  Mr« 
Brooke*!  measurements  prove  these  salts  to  bo  isomorphous.  (An.  of  PhU. 
N.  S.  v'l.  120.)  They  are  insoluble  in  alcohol,  and  dissolve  in  about  24  parts 
of  oold  water. 

Dnriulphate  of  Sesquioxide  of  Chromium. — This  salt  may  be  formed  by 
saturating  dilute  sulphuric  acid  with  hydrated  sesquioxide  of  chromium;  but 
it  has  not  been  obtained  in  crystals. 

Sulphates  of  the  Oxideo  ef  Copper. — Sulphate  of  the  red  oxide  of  copper 
has  not  been  obtained  in  a  separate  state.  The  sulphate  of  the  black,  or 
protoxide,  Uuo  vitriol,  employed  by  surgeons  as  an  cscharotic  and  astringent, 
may  be  prepared  b^  roasting  the  native  suphuret;  but  it  is  more  generally 
mado  by  directly  dissolving  the  protoxide  in  dilute  sulphuric  acid,  and  crys. 
tallizing  by  evaporation.  This  salt  forms  regular  crystals  of  a  blue  colour, 
reddens  litmus  paper,  and  is  adoble  in  about  four  of  oold,  and  in  two  parts 
of  boiling  water.  It  is  isomorphous  with  sulphate  of  protoxide  of  man- 
ganese. 

When  pure  potassa  is  added  to  a  solution  of  the  sulphate  of  protoxide  of 
copper  in  a  quantity  insufficient  for  separating  the  whole  of  the  acid,  a  pale 
bluish-precn  precipitate,  the  disulphate,  is  thrown  down. 

Sulphate  of  protoxide  of  copper  and  ammonia  is  generated  by  dropping 
pure  ammonia  into  a  solution  of  the  sulphate,  until  the  sub-salt  at  first 
thrown  down  is  nearly  all  dissolved.  It  forms  a  dark  blue  solution,  from 
which,  when  concentrated,  crystals  are  deposited  by  the  addition  of  alooh(d. 
It  may  he  formed  also  by  rubbing  briskly  in  a  mortar  two  parts  of  crystal* 
lized-sulphate  of  protoxide  of  copper  wiUi  three  parts  of  carbonate  of  am- 
monia, until  the  mixture  acquires  a  uniform  deep  bine  colonr.  Carbonic 
acid  gas  is  disengaged  with  effervescence  during  the  operation,  and  the  mass 
becomes  moist,  owing  to  the  water  of  the  blue  vitriol  being  set  free. 

This  compound,  which  is  the  ammoniaret  of  copper  of  the  Pharmaooposia, 
contains  sulphuric  acid,  protoxide  of  copper,  and  ammonia ;  but  ita  precise 
nature  has  not  been  determined  in  a  satisfactory  manner.  It  parts'  gradual- 
ly with  ammonia  by  exposure  to  the  air. 

Sulphates  of  the  Oxidee  of  Mereury, — When  two  parts  of  mercury  are 
gently  lieated  in  three  parts  of  strong  sulphuric  acid,  so  as  to  cause  slow 
effervescence,  a  sulphate  of  the  protoxide  of  mercury  is  generated.  But  if 
a  strong  heat  is  employed  in  such  a  manner  as  to  excite  brisk  effervescence, 
and  the  mixtnre  is  brought  to  dryness,  a  bisulphate  of  the  peroxide  results, 
both  bein^  anhydrous.  (Donovan  in  An.  of  Phil,  xiv.)  When  this  bisul- 
phate,  which  is  the  salt  employed  in  making  corrosive  sublimate,  is  thrown 
into  hot  water,  decomposition  ensues,  and  a  yellow  sub-salt,  formerly  called 
turpeth  mineral,  subsides.  This  salt  is  said  by  Phillips  to  consist  of  three 
equivalents  of  acid  and  four  of  the  peroxide.  The  hot  water  retains  some  of 
the  bisulphate  in  solution,  together  with  free  sulphuric  acid. 

Sulphate  of  Oxide  of  iSUtw — As  this  salt  is  rather  8parm|rly  soluble  in 
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water,  it  may  be  formed  by  doable  decomposition  from  concentrated  aolu- 
tioDB  of  nitrate  of  oxide  of  ralver  and  sulphate  of  aoda.  It  may  also  be  pro- 
cured by  dissolving  silTcr  in  sulphuric  acid  which  contains  about  a  tenth 
part  of  nitric  acid,  or  hj  boiling  silver  in  an  equal  weight  of  concentrated 
sulphuric  acid.  It  reqmres  about  80  times  its  weight  of  hot  water  for  solu- 
tion, and  the  greater  part  is  deposited  in  small  needles  on  cooling.  By  slow 
evaporation  from  a  solution  containing  a  little  nitric  acid,  Mitscherlich  ob- 
tained it  in  the  form  of  a  rhombic  octohedron,  die  angles  of  which  are  al- 
most identical  with  those  of  anhydrous  sulphate  of  soda.  Seleniate  of  oxide 
of  silver  is  isomorphons  with  the  sulphate. 

Sulphate  of  oxide  of  silver  forms  with  ammonia  a  double  salt,  which  crys- 
tallizes in  rectangular  prisms,  the  solid  angles  and  lateral  edges  of  which 
are  commonly  recced  by  tangent  planes.  It  consists  of  one  equivalent  of 
oxide  of  silver,  one  of  acid,  and  two  of  ammonia ;  and  it  is  formed  by  dis- 
solving sulphate  of  oxide  of  silver  in  a  hot' concentrated  solution  of  ammonia, 
from  whicb  on  cooling  the  crystals  are  deposited.  This  salt  is  isomorphous 
with  a  double  chromate  and  seleniate  of  oxide  of  silver  and  ammonia,  which 
have  a  similar  constitution,  and  are  formed  in  the  same  manner.  (Mitscher- 
lich in  An.  de  Ch.  et  de  Ph.  xxxviii.  6S.) 

DOUBLE  SULPHATES, 

Sulphate  of  Soda  and  litme.^This  compound,  the  Gfauiberite  of  minera- 
logists, occurs  in  very  flat  oblique  rhombic  prisms.  Berthier  prepared  it  b^ 
fusing  together  sulphate  of  soda  with  sulphate  of  lime  in  the  ratio  of  their 
equivalents.  Sulphate  of  soda,  fused  in  similar  proportions  with  the  sul- 
phates of  magnesia,  baryta,  and  oxide  of  lead,  gives  analo|^us  compounds.  In 
these  instances,  however,  the  affinity  is  so  feeble,  that  it  is  overcome  by  the 
mere  action  of  water.    (An.  de  Ch.  et  de  Ph.  xxxviii.  255.) 

Sulphate  of  PoUuoa  and  Magnetia, — On  mixing  solutions  of  these  salts 
in  atomic  proportion,  the  double  salt  is  formed  either  by  spontaneous  evapora- 
tion OT  on  cooling  from  a  hot  rather  concentrated  solution.  The  crystals 
are  prismatic,  but  of  a  complicated  form,  derived  from  an  oblique  rhombic 
prism.  (Brooke.)  A  similar  double  salt,  isomorphous  with  the  preceding, 
IS  formed  by  substituting  ammonia  for  potassa.  Their  composition  is  given 
in  the  table  (page  436). 

Similar  pairs  of  double  salts  may  be  formed  with  the  protoxides  of  man- 
ganese, iron,  zinc,  cobalt^  and  nickel.  ^  These  salts  have  the  same  form  and 
composition  as  the  corresponding  salt  of  magnesia. 

Alum4 — ^This  well  known  sul^tance  is  a  double  sulphate  of  potassa  and 
alumina,  which  crystallizes  with  great  facility  from  a  solution  containing  its 
elements.  It  is  prepared  in  this  country  from  alum-slate,  an  argillaceous 
slaty  rock  hip^hly  charged  with  pyrites:  on  roasting  this  rock  the  sulphuret 
of  iron  is  oxidized,  the  resulting  sulphuric  add  unites  with  alumina  and 
potassa  present  in  the  slate,  and  the  alum  is  dissolved  out  by  water.  By 
frequent  crystallization  it  is  purified  from  the  oxide  of  iron,  which  obstinate- 
ly adheres  to  it  In  Italy  it  is  prepared  from  alum-gtone,  which  occurs  at 
TolfA  near  Rome,  and  in  most  volcanic  districts,  being  formed  apparently  by 
the  action  of  sulphurous  add  vapours  on  felspatie  rocks.  The  materials  of 
the  alum  exist  in  the  stone  ready  formed ;  and  they  are  extracted  by  gently 
heating  the  rock,  exposing  it  for  a  time  to  the  air,  and  lixiviation.  The 
alum  from  this  source  has  been  long  prized,  in  consequence  of  being  quite 
free  from  iron.  In  both  of  these  processes  the  alkali  contained  in  the  alum- 
rock  is  inadequate  for  uniting  with  the  sulphate  of  alumina,  which  is  obtain- 
ed, and  hence  a  salt  of  potassa  must  be  added. 

Alum  has  a  sweetish  astringent  taste,  and  reddens  litmus  paper.  It  is 
soluble  in  five  parts  of  water  at  609*  and  in  little  more  than  its  own  wdght 

*  The  solubility  of  alum  in  cold  water  is  probably  not  so  great  as  is  here 
mentioned.  Berzeiius  states  it  to  be  soluble  in  about  eighteen  parts  of  col ' 
water,  and  Thenard  in  between  fourteen  and  fifteen  parts.— £tf. 
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of  boilinif  wsler.  Il  cr  jsUlliiea  coMlily  in  octohedrans,  or  in  wagmButM  of 
ttw  octohsdron,  and  the  orystab  contain  almost  50  per  cent  of  water  of  crya. 
tallizalion.  On  boift?  eipooed  to  heat,  they  froth  op  remarkaUy,  and  part 
with  all  the  water,  forming  anhydrous  alum,  the  AUmun  Uwtmm  of  the 
Pharmacopcua.    At  a  full  red  heat  the  ahunina  is  deprived  of  its  acid. 

Alum  is  employed  in  tho  formation  of  a  spontaneously  inflamtnaUe  mix- 
ture lonj^  known  under  the  name  of  JHbmberg^$  pyraphorus.  It  is  made  by 
mixing  equal  weights  of  alum  and  brown  sugar,  and  stirring  the  mass  over 
the  fire  in  an  iron  or  other  convenient  vessel  till  quite  dry :  it  is  then  put  into 
a  glass  tube  or  bottle,  and  heated  to  moderate  redness  without  exposure  to  the 
air,  until  inflammable  gas  ceases  to  be  evolved.  A  more  convenient  mix- 
ture b  made  with  three  parts  of  lampblack,  four  of  burned  alum,  and  eight 
of  carbonate  of  potaasa.  When  the  pyrophorus  is  well  made,  it  speedily  be- 
oomes  hot  on  exposure  to  the  air,  takes  fire,  and  bums  hkc  tinder;  but  tho 
eiperiraent  frequently  ikib  from  the  difficulty  of  regulating  the  temperature. 
From  some  recent  experiments  by  Gay-Lussac,  it  appears  that  the  esBential 
inpfredient  of  Homberg^s  pyrophorus  is  sulphuret  of  potassium  in  a  state  of 
mmute  division.  The  charcoal  and  alumina  act  only  by  being  mechanically 
interposed  between  its  particles ;  but  when  the  mass  once  kindles,  the  char- 
coal takes  fire  and  continues  the  combustion.  He  finds  that  an  excellent 
pyrophorus  is  made  by  mixing  S7  parts  of  8ul|:^ate  of  potassa  with  15  parts 
of  calcined  lampblack,  and  beating  the  mixture  to  redness  in  a  common 
Hessian  crucible,  of  course  excluding  the  air  at  the  same  time.  (An.  de  Ch. 
•tdePh.  xxzvii.  415.) 

Alum,  having  exactly  the  same  form,  composition,  appearance,  and  taste 
«s  the  salt  just  described,  may  bo  made  with  ammonia,  the  sulphate  of  which 
replaces  sulphate  of  potassa.  It  is  met  with  occasionally  as  a  natural  pro- 
duct, and  may  be  prepared  by  evaporating  a  solution  of  sulphate  of  ammonia 
with  tersulpbate  of  alumina. 

A  soda  alum  may  also  be  prepared,  similar  in  form  and  compositioo  to  the 
preceding  alums,  except  that  it  contains  twenty-six  equivalents  of  water. 
(Berzelius.)    This  saK  is  disposed  to  eflloresce  in  the  air. 

J^on  Alum, — By  mixing  sulphate  of  potassa  with  tersulpbate  of  sesqni- 
OKide  of  iron,  and  crystallising  by  spontaneous  evaporation,  crystals  are  ob- 
tained similar  to  common  alum  in  form,  colour^  UuU,  and  composition.  This 
salt  has  often  a  pink  tint,  but  is  sometimes  quite  colourless.  A  similar 
double  salt,  quite  colourless,  may  be  made  with  ammonia  instead  of  potassa. 
In  both  these  alums  the  alumina  is  simply  replaced  by  an  equivalent  quan* 
tity  of  peroxide  of  iron. 

Chrome  Alum»,^^The  tersulpbate  of  sesquioxide  of  chromium  forms  with 
the  sulphates  of  potassa  and  ammonia  double  salts  which  are  exactly  similar 
in  form  and  composition  to  the  preceding  varieties  of  alum.  They  appear 
black  by  reflected,  but  rnby.red  by  transmitted  light. 

Manganete  Alum. — Mitsoherlich  obtained  this  salt  by  mixing  a  solution 
of  tersulpbate  of  sesquioxide  of  manganese  with  sulphate  of  potassa,  and  eva- 
porating to  the  consistence  of  syrup  by  a  very  gentle  heat  On  cooling, 
octobedral  crystals  of  a  brownish-violet  colour  were  deposited,  which  were 
similar  in  composition  to  common  alum.  The  tersulphate  used  for  the  par- 
pose  is  prepared  by  macerating  sesquioxide  of  manganese  in  very  fine 
powder  with  strong  sulphuric  acid :  it  is  made  with  difficulty,  owing  to  the 
indisposition  of  that  oxide  to  unite  with  acids,  and  to  its  ready  conversion  by 
heat  into  sulphate  of  the  protoxide. 

Anhydroiu  Sulphatea  tnih  Ammonia. — ^Rose  has  observed  that  some  snl- 
phates  possess  the  property  of  absorbing  ammonia,  and  of  forming  with  it 
definite  compounds,  which  differ  from  siUphates  of  ammonia  prepared  in  the 
moist  way,  both  bv  containing  no  water  of  crystallization,  and  by  the  fiicility 
with  which  the  alkali  is  again  given  out  They  are  formed  by  placing  too 
anhydrous  sulphate  in  a  glass  tube,  and  transmitting  over  it  at  common  tem- 
peratures ammoniaoal  gas,  well  dried  by  flised  potassa,  as  long  as  asY  increaia 
«f  weight  is  observed :  some  sulphates  absorb  the  ga«  very  rapidly  at  first, 
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UkA  with  dweagafBrnent  of  beat ;  bat  the  abwirptNii  aftsrwarda  beoomea  alow, 
and  reqnirea  a  day  or  two  in  order  to  be  complete.  The  aalta  moat  remark- 
able for  thia  property  are  those  which,  in  solution,  are  disposed  to  unite  with 
ammonia^ — Sulphate  of  protoxide  of  copper  greedily  absorbs  ammonia,  and 
acquires  a  deep  blue  colour  similar  to  the  ammoniaret  of  copper,  prepared 
with  mcHsture ;  but  the  former  compound  consista  of  two  eq.  of  sulphate  of 
protoxide  of  copper  and  five  eq.  of  ammonia,  while  the  latter  contains  one 
eq.  of  sulphate  of  copper,  two  of  ammonia,  and  one  equivalent  of  water.  SuL 
phate  of  protoxide  of  cobalt,  as  well  as  that  of  nickel,  unites  with  three  equiv- 
alenta  of  ammonia;  that  of  zinc  with  2.5,  and  that  of  manganese  with  two 
equivalents.  The  latter  when  heated  loses  all  its  ammonia,  and  returns  to 
its  original  condition ;  whereas  most  of  the  other  ammoniaco^ulpbatea  suffer 
partial  decomposition  at  the  same  time.  Sulphate  of  oxide  of  silver  unitoa 
with  one  equivalent  of  ammonia;  and  a  similar  compound  was  prepared  by 
C.  G.  Mitscherlich,  but  with  two  equivalents  of  ammonia.  With  roost  of  the 
other  anhydrous  sulphates  ammonia  refuses  to  unite. 

On  considering  the  nature  of  these  compounds,  one  is  at  first  disposed  to 
associate  them  with  double  salts,  supposing  the  acid  to  be  divided  between 
the  two  bases.  But  this  opinion  is  rendered  unlikely  by  the  large  quantity 
of  combined  ammonia,  by  the  fiicUity  with  which  the  alkali  is  given  off,  and 
br  the  absence  of  water,  so  constantly  present  in  other  ammoniacal  sulphates. 
Kose,  with  much  plausibility,  compares  these  compounds  to  hydrates:  water 
acts  as  a  feeble  base  to  salme  compounds,  combining  with  some  in  one  or 
more  proportions,  and  not  at  all  with  others,  differmg  greatly  in  the  ratio  in 
which  it  combines  with  different  salts,  and  being  abandoned  with  great  &- 
cility,  often  by  mere  exposure  to  the  air.  The  same  features  characterize  the 
combinations  of  ammonia  with  the  anhydrous  sulphates.  (Pog.  Annalen,  xz. 
149.) 

The  sulphates  arc  not  the  only  salts  which  absorb  ammonia.  Rose  found 
that  the  nitrate  of  oxide  of  silver  unites  with  three  equivalents  of  ammonia, 
and  the  gas,  if  freely  supplied,  is  at  first  absorbed  with  such  rapidity,  and  the 
corresponding  increase  of  temperature  is  so  great,  that  the  salt  enters  into 
fusion.  Heat  expels  the  ammonia  before  tiie  nitrate  of  oxide  of  silver  is  de- 
composed. A  similar  compound,  but  with  less  ammonia,  was  formed  by  C 
Mitscherlich. 

SULPHITES. 

The  salts  of  sulphurous  acid  have  not  hitherto  been  minutely  examined. 
The  sulphites  of  potassa,  soda,  and  ammonia,  which  are  made  by  neutralizing 
those  alkalies  with  sulphurous  acid,  are  soluble  in  water,  but  most  of  the 
other  sulphites,  so  far  as  is  known,  are  of  sparing  solubility.  The  sulphites 
of  baryta,  strontia,  and  lime  are  very  insoluble;  and  consequently  the  solu- 
ble  salts  of  these  earths  decompose  the  alkaline  sulphites. 

The  stronger  acids,  such  aa  the  sulphuric,  hydrochloric,  phosphoric,  and 
arsenic  acids,  decompose  all  the  sulphites  .with  effervescence,  owing  to  the 
escape  of  sulphurous  acid,  which  may  easily  be  recognized  by  its  odour. 
Nitric  acid,  by  yielding  oxygen,  converts  the  sulphites  into  sulphates. 

When  the  sulphites  of  the  fixed  alkalies  and  alkaline  earths  are  strongly 
heated  in  close  vessels,  a  sulphate  is  generated,  and  a  portion  of  sulphur  su- 
blimed. In  open  vessels  at  a  high  temperature  they  absorb  oxygen,  and  are 
converted  into  sulphates ;  and  a  similar  change  takes  place  even  in  the  cold, 
especially  when  they  are  in  solution.  Gay-Lussac  has  remarked,  that  a 
neutral  sulphite  always  forms  a  neutral  sulphate  when  its  acid  is  oxidized;  a 
fact  from  which  it  may  be  inferred,  that  neutral  sulphites  consist  of  one 
equivalent  of  the  acid  and  one  equivalent  of  the  base. 

The  hyposulphales  and  hyposulphites  are  of  such  little  practical  imoor- 
tance,  that  it  is  unnecessary  to  describe  individual  aalts :  their  general  char- 
acter has  been  already  given.  (Pago  197.)    For  a  particokr  description  of 
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the  hypotolphatM,  the  retder  if  referred  to  an  eeny  ly  0r.  Heeren.    (An. 
de  Ch.  et  de  Ph.  zL  30.) 

NITRATES. 

The  nitrates  may  be  prepared  by  the  action  of  nitric  acid  on  mctala,  on 
the  salifiable  baaes  themselves,  or  on  carbonates.  As  nitric  acid  forms  soluble 
salts  with  all  alkaline  bases,  the  acid  of  the  nitrates  cannot  be  precipitated 
by  any  rea^fcnt  They  are  readily  distin^fuished  from  other  salts,  however, 
by  the  characters  already  described.    (Page  184.) 

All  the  nitrates  are  decomposed  without  exception  by  a  hi^h  temperature ; 
but  the  changes  which  ensue  are  modified  by  the  nature  of  the  oxide.  Ni- 
frate  of  oxide  of  palladium  is  decomposed  at  such  a  moderate  temperature, 
that  a  great  part  of  the  acid  passes  off  unchanged.  Nitrate  of  oxide  of  lead 
requires  a  red  heat,  by  which  it  is  resolved,  as  tdready  mentioned  (page  180), 
into  oxygen  and  nitrous  acid.  In  some  instances  the  changes  are  more 
complicated.  With  nitre,  for  example,  nitrite  of  potassa  is  at  first  genera- 
ted, with  escape  of  oxygen  gas :  as  the  heat  increases,  the  nitrous  acid  is 
resolved  into  binoxide  of  nitrogen  and  oxygen,  the  former  of  which  remains 
in  combination  with  potassa ;  the  binoxide  is  then  resolved  into  protoxide  of 
nitrogen  and  oxygen,  the  former  being  retained  by  the  alkali ;  and,  lastly, 
nitrogen  gas  is  disenga^,  and  peroxide  of  potassium  remains.  If  the 
operation  is  performed  in  an  earthen  vessel,  the  peroxide  will  be  more  or 
less  decompowid,  in  consequence  of  the  affinity  of  the  earthy  substances  for 
potassa.  The  preceding  facts  have  been  chiefly  collected  from  the  obser. 
vations  of  Phillips  and  Berzelias.  The  tendency  of  potassa  and  soda  to 
unite  with  protoxide  of  nitrogen  was  first  observed  hj  Davy ;  and  M.  Hess 
has  lately  remarked  that  similar  compounds  are  obtained  with  soda,  baryta, 
and  lime,  as  well  as  potassa,  when  their  nitrates  are  heated,  until  the  diaen- 
gaged  gas  is  found  to  extinguish  a  light 

As  the  nitrates  are  easily  decomposed  by  heat  alone,  they  must  necessari. 
ly  suffer  decomposition  by  the  united  agency  of  heat  and  combustible  matter. 
The  nitrates  on  this  account  are  much  employed  as  oxidizing  agents,  and 
frequently  act  with  greater  efficacy  e^en  than  nitro-hydrochloric  acid.  Thus 
metallic  titanium,  which  resists  the  action  of  these  acids,  combines  with 
oxygen  when  heated  with  nitre.  The  efficiency  of  this  salt,  which  is  the 
nitrate  usually  employed  for  the  purpose,  depends  not  only  on  the  affinity 
of  the  combustible  for  oxygen,  but  likewise  on  that  of  the  ozidiaod  body  for 
potassa.  The  process  for  oxidizing  substances  by  means  of  nitre  is  called 
deflagration,  and  is  generally  performed  by  mixing  the  inflammable  bodv 
with  an  equal  weight  of  the  nitrate,  and  projecting  the  mixture  in  small 
portions  at  a  time  mto  a  red-hot  crucible. 

All  the  neutral  nitrates  of  the  fixed  alkalies  and  alkaline  earths,  together 
with  most  of  the  neutral  nitrates  of  the  common  metals,  are  composed  of 
one  equivalent  of  nitric  acid,  and  one  equivalent  of  a  protoxide.  Consequent- 
ly, the  oxygen  of  the  oxide  and  acid  in  all  such  salts  must  be  in  the  ratio  of 

1  to  5,  the  general  formula  being  M4-  N 

The  only  nitrates  found  native  arc  those  of  potassa,  soda,  lime,  and  mag- 
nesia. 

The  composition  of  the  principal  nitrates  is  exhibited  in  the  following 
table. — 

Names.  Base.  Acid.  Equiv.  Formulc 

Nitrate  of  potassa    .      .     47.15  1  eq.+54.15  1  cq.a=lU1.3        K+N. 

soda     .        .       31.3    1  eq. +54.15  I  eq.«  85.45    Na+Ni 

= ammonia       .     17.15  1  eq.+ 54.15  1  eq.~  71.3    HaN+N. 

I>o  in  prisms  with  9  or  1  eq.  of  water     .    .      s  80.3 
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Names.  Baae.  Acid.  Equiv. 

Nitnte  of  baryta    .    .       76.7    1  eq.+ 5415  1  eq.^  130.85 

strantia  .    .      51.8    1  eq.+5445  1  eq.=:105.95 

Da  in  priimi  with  45  or  5  eq.  of  water    .     .    8l50*95 
Nitrate  of  lime     .        .     28.5    1  eq.+54.15  1  eq.s  82.65 
magnesia     .    20.7     leq.+54.15  leq.=  74.85 
-protoz.  copper  39.6    leq.+5415  1  eq.»  93.75 
Do.  tn  prisms  with  63  or  7  eq.  of  water 
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Formuls. 
Ba+N. 
Sr-fN. 

Ca+N! 
Mg+N* 
Cu+N. 


=156.75 


Nitrate  ( 


2Pb+N! 

Hg+N.' 

2Hg+N.' 

Ag+N. 


UQ.  m  prisms  wiia  qo  or  /  eq.  oi  waier  .  — i.<^u.iu 
itrateofprotox.lead  .  111.6  1  6q.+5415  leq.s  165.75 
Dinitrate  of  ditto  .  .  223i3  2  eq.+5415  1  eq.=277.35 
Nitrate  of  pretax,  mercury  210    1  eq.+54.15  1  eq.a264.15 

Do.  in  crystals  with  18  or  2  eq.  of  water  .  =282.15 
Nitrate  of  peroz.  mercury  218  1  eq.4'5415  1  eq.=:272.15 
Dinitrate  of  ditto  .  436  2  eq.+5415  leq.^^  490.15 
Nitrate  of  ox.  silver    .       116    1  eq.+54a5  1  eq.sl7ai5 

Nitralt  of  Paia$sa. — ^Tbis  salt  is  generated  spontaneously  in  the  soil,  and 
crystallizes  upon  its  surface,  in  several  parts  of  the  world,  and  especially  in 
^e  £^t  Indies,  whence  the  greater  part  of  the  nitre  used  in  Britain  is  de- 
rived. In  some  parts  of  the  continent,  it  is  prepared  artificially  from  a  mix- 
ture of  common  mould  or  porous  calcareous  earth  with  animal  and  vegeta- 
ble remains  containing  nitrogen.  When  a  heap  of  these  materials,  preserved 
moist  and  in  a  shady  situation,  is  moderately  exposed  to  the  air,  nitric  acid 
is  gradually  generated,  and  unites  with  the  potassa,  lime,  and  magnesia, 
which  are  commonly  present  in  the  mixtnre.  On  dissolving  these  salts  in 
water,  and  precipitating  the  two  earths  by  carbonate  of  potassa,  a  solution 
is  formed,  which  yields  crystals  of  nitre  by  evaporation.  The  nitric  acid  is 
probably  generated  onder  these  circumstances  by  the  nitrogen  of  the  organic; 
matters  combining  during  putrefaction  with  oxygen  of  the  atmosphere,  a 
change  which  must  be  attribnted  to  the  affinity  of  oxygen  for  nitrogen,  aided 
by  that  of  nitric  acid  for  alkaline  bases.  The  nitre  made  in  France  is  oflen 
said  to  be  formed  by  Uiis  process ;  but  the  greater  part  is  certainly  obtained 
by  llxiviation  from  certain  kinds  of  plaster  of  old  houses,  where  nitrate  of 
lime  is  gradually  generated. 

Nitrate  of  potassa  is  a  colourless  salt,  which  crjrstallizes  readily  in  six-sided 
prisms.  Its  taste  is  saline,  accompanied  with  an  impression  of  coolness. 
it  requires  for  solution  seven  parts  of  water  at  60<^,  and  its  own  weight  of 
boiling  water.  It  contains  no  water  of  crystallization,  but  its  crystals  are 
never  quite  free  from  water  lodged  mechanically  within  them.  At  616^  it 
undergoes  the  igneous  fusion,  and  like  all  the  nitrates  is  decomposed  by  a 
red  heat. 

Nitre  is  chiefly  employed  in  chemistry  as  an  oxidizing  agent,  and  in  the 
formation  of  nitric  acid.  Its  chief  use  in  the  arts  is  in  making  gunpowder, 
which  is  a  mixture  of  nitre,  charcoal,  and  sulphur.    In  the  East  Indies  it  is 
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emplojred  for  the  preparation  of  oooliii^  mixtnrea  :--an  ounce  of  powdered 
nitre  diaaolved  io  five  ounces  of  water  reduces  its  temperatore  by  mleen  de- 
grees. It  possesses  powerful  antiseptic  properties,  and  is,  therefore,  much 
employed  in  the  preservation  of  meat  and  animal  matters  in  generaL 

Nitrate  of  Soiu — ^Thb  salt  is  analogous  in  its  chemical  properties  to  the 
preceding  compound.  It  sometimes  crystallizes  in  oblique  rhombic  prisms  ; 
but  it  more  commonly  occurs  as  an  obtuse  rhombohedron,  whidi  is  its  prima- 
ry form.  (Mr.  Brooke.)  It  is  plentifully  found  in  the  soil  in  some  parts  of 
India;  and  at  Atacama  in  Peru  it  covers  lar^jre  districts,  and  occurs  in  im- 
mense  quantity.  With  charcoal  ^nd  sulphur  it  forms  a  mixture  which  bums 
ranch  slower  than  common  gunpowder,  and,  therefore,  cannot  be  substituted 
for  nitre ;  but  it  may  be  advantageously  used  in  the  manufacture  both  of 
sulphuric  and  nitric  acid.  It  is  disposed  to  deliquesce  in  the  air,  and  is 
soluble  in  twice  its  weight  of  cold  water,  and  still  more  freely  by  the  aid 
of  heat 

Nitrate  ef  Ammmna, — ^Nitrate  of  ammonia  may  be  formed  by  nentraliz. 
ing  dilute  nitric  acid  by  carbonate  of  ammonia,  and  evaporating  the  solu- 
tion. This  salt  may  be  procured  in  three  different  states,  which  have  been 
described  by  Sir  H.  Davy.  (Researches  concerning  the  Nitrous  Oxide.)  If 
the  evaporation  is  conducted  at  a  temperature  not  exceeding  100°,  the  salt  is 
obtained  in  prismatic  crystals  which  contain  one  equivaknt  of  water.  If 
the  solution  is  evaporated  at  212°,  fibrous  crystals  are  procured ;  and  if  the 
heat  be  gradually  increased  to  300°,  it  forms  a  brittle  compact  mass  on  cool- 
ing. The  fibrous  and  compact  varieties  still  contain  water,  the  former  8J2 
per  cent.,  and  the  latter  5.7.  All  these  varieties  deliquesce  in  a  moist  air,  and 
are  very  soluble  in  water. 

The  x^ange  which  nitrate  of  ammonia  undergoes  at  a  temperature  vary- 
ing between  400°  and  500°  has  already  been  explained.  (Page  174.)  When 
heated  to  600°,  it  explodes  with  violence,  being  resolved  inta  water,  nitrom 
acid,  binoxide  of  nitrogen,  and  nitrogen.  The  fibrous  variety  was  found  by 
Davy  to  yield  the  largest  quantity  of  protoxide  of  nitrogen.  From  one 
pound  of  this  salt  he  procured  nearly  three  cubic  feet  of  the  gas. 

Nitrate  of  Baryta, — This  salt  is  sometimes  used  as  a  reagent  and  for  pre- 
paring pure  baryta.  It  is  easily  prepared  by  digesting  the  native  carbonate, 
reduced  to  powder,  in  nitric  acid  diluted  with  8  or  10  times  its  weight  of 
water.  The  salt  crystallizes  readily  by  evaporation  in  transparent  anhy. 
droua  octohedrons,  and  is  very  apt  to  decrepitate  by  heat  unless  previously 
reduced  to  powder.  It  requires  12  parts  of  water  at  60°  and  3  or  4  of  boiL 
ing  water  for  solution,  but  is  insoluble  in  alcohol.  It  undergoes  the  igneous 
fusion  in  the  fire  before  being  decomposed. 

Nitrate  ofStrontia, — ^This  salt  may  be  made  from  strontlanite  in  the  same 
manner  as  Uie  foregoing  compound,  to  which  it  is  exceedingly  analogous.  It 
commonly  crystallizes  m  anhydrous  octohedrons  which  undergo  no  change 
in  a  moderately  dry  atmosphere,  and  are  insoluble  in  alcohol;  but  sometimes 
it  contains  30  per  cent,  of  water  of  crystallization,  and  then  assumes  the  form 
of  a  prism  with  ten  sides  and  two  summits. 

Nitrates  of  Lime  and  Magnesia, — ^Tbese  salts  crystallize  in  hydrated  prisms 
when  their  solutions  are  concentrated  to  the  consistence  of  syrup,  but  the 
quantity  of  water  which  they  contain  is  not  ascertained.  They  deliquesce 
rapidly  in  the  air,  are  very  soluble  in  water,  and  are  dissolved  by  alcohol, 
the  nitrate  of  lime  more  freely  than  nitrate  of  magnesia. 

Nitrate  of  Protoxide  of  Copper. — This  salt  is  prepared  by  the  action  of 
nitric  acid  on  copper.  (Page  176.)  It  crystallizes,  though  with  some  difficul- 
ty, in  prisms  of  a  deep  blue  colour,  which  arc  very  soluble  in  water  and  al- 
cohol, and  deliquesce  on  exposure  to  the  air.  The  green  inpoluble  subsalt, 
procured  by  exposing  the  neutral  nitrate  to  a  heat  of  400°,  or  by  dropping  an 
alkali  into  a  solution  of  that  salt,  the  latter  bein?  in  excess,  is  a  trinitrate, 
consisting  of  three  eq.  of  oxide  of  copper,  one  eq.  of  acid,  and  one  eq.  of  water. 
When  heated  to  redness  it  yields  pure  oxide  of  copper. 

Niiarie  of  Protoxide  of  Lead, — This  salt  is  formed  by  digesting  litharge 
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in  dilate  nitric  acid,  and  crystallizcfl  readily  in  octohedrons,  which  are  an- 
hydrous  and  almost  always  opaque.  It  has  an  acid  reaction,  hut  is  neutral 
in  composition. 

A  diniirate  was  formed  by  Berzelius  by  adding  to  a  solution  of  the  neutral 
nitrate,  a  quantity  of  pure  ammonia  insufficient  for  separating  the  whole  of 
the  add. 

Nitrates  of  the  Oxide$  o/  Mercury, — The  protonitraie  is  conyeniently  form- 
ed by  digesting  mercury  in  nitric  acid  diluted  with  three  or  four  parts  of 
water,  until  the  acid  is  saturated,  and  then  allowing  the  solution  to  evaporate 
sjpontaneously  in  an  open  vessel.  The  solution  always  contains  at  first  some 
nitrate  of  the  peroxide,  but  if  metallic  mercurv  is  lefl  in  the  liquid,  a  pure 
protonitrate  is  gradually  deposited.  The  salt  thus  formed  has  hitherto  been 
regarded  as  the  neutral  protonitrate;  but  according  to  the  analysis  of  M.  C. 
Mitscherlich  (Pog.  Annalen,  ix.  387),  it  is  a  subsalt,  in  which  the  protoxide 
and  acid  are  in  the  ratio  of  208  to  36.  This  result,  however,  requires  con- 
firmation.  The  neutral  protonitrate  is  said  by  C.  Mitscherlich  to  be  obtain* 
ed  in  crystals,  by  dissolving  the  former  salt  in  pure  water  acidulated  with 
nitrie  acid,  and  evaporating^  spontaneously  without  the  contact  of  metallic 
mercury  or  uncombined  oxide.  These  salts  dissolve  completely  in  water 
slightly  acidulated  with  nitric  acid,  but  in  pure  water  a  small  quantity  of  a 
yellow  subsalt  is  generated. 

When  mercury  is  heated  in  an  excess  of  strong  nitric  acid,  it  is  dissolved 
with  brisk  effervescence,  owing  to  the  escape  of  binoxide  of  nitrogen,  and 
transparent  prismatic  crystals  of  the  pemitrate  are  deposited  as  the  solution 
cools.  When  put  into  hot  water  it  is  resolved  into  a  soluble  salt,  the  compo- 
sition of  which  is  unknown,  and  into  a  yellow  dinitrate  of  the  peroxide.  (An. 
de  Ch.  et  de  Phys.  xix.) 

Nitrate  of  Oxide  of  Silver, — Silver  is  readily  oxidized  and  dissolved  by 
nitric  acid  diluted  with  two  or  three  times  its  weight  of  water,  forming  a  so- 
lution which  yields  transparent  tabular  crjrstals  by  evaporation.  These  crys- 
tals, which  are  anhydrous,  undergo  the  igneous  fusion  at  426^,  and  yield  a 
crystalline  mass  In  cooling;  but  when  the  temperature  reaches  600^  or  700^, 
complete  decomposition  ensues,  the  acid  being  resolved  into  oxygen  and 
nitrous  acid,  while  metallic  silver  is  left.  When  liquefied  by  heat,  and  re- 
ceived in  small  cylindrical  moulds,  it  forms  the  lapie  infemalis  or  lunar  catM- 
tiCf  employed  by  surgeons  as  a  cautery.  The  nitric  acid  appears  to  be  the 
agent  which  destroys  the  animal  texture,  and  the  black  stain  is  owing  to  the 
separation  of  oxide  of  silver.  It  is  sometimes  employed  for  giving  a  black 
colour  to  the  hair,  and  is  the  basis  of  the  indelible  ink  for  marking  linen. 

The  pure  nitrate,  whether  fused  or  in  crystals,  is  colourless  and  transpa- 
rent, and  does  not  deliquesce  by  exposure  to  the  air;  but  common  lunar 
caustic  is  dark  and  opaque,  and  dissolves  imperfectly  in  water,  owing  to 
some  of  the  nitrate  being  decomposed  during  its  preparation.  It  is  impure 
also,  always  containing  nitrate  of  protoxide  of  copper,  and  frequently  traces 
of  gold.  The  pure  salt  is  soluble  in  its  own  weight  of  cold,  and  in  half  its 
weight  of  hot  water.  It  dissolves  also  in  four  times  its  weight  of  alcohol. 
Its  aqueous  solution,  if  preserved  in  clean  glass  vessels,  undergoes  little  or 
no  change  even  in  the  direct  solar  rays;  but  when  exposed  to  light,  especial- 
ly to  sunshine,  in  contact  with  paper,  the  skin,  or  any  organic  substance,  a 
black  stain  is  quickly  produced,  owing  to  decomposition  of  the  salt  and  re- 
duction of  its  oxide  to  tlie  metallic  state.  This  change  is  so  constant,  that 
nitrate  of  oxide  of  silver  constitutes  an  extremely  delicate  test  of  the  presence 
of  organic  matter,  and  has  been  properly  recommended  as  sach  by  Dr. 
Davy.  Its  solution  is  always  kept  in  the  laboratory  as  a  test  for  chlorine  and 
hydrochloric  acid. 

Nitrate  of  oxide  of  silver,  even  afler  fusion,  reddens  vegetable  colouring 
matters;  but  it  is  quite  neutral  in  composition^ 
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Little  is  known  with  eertainty  concernins:  the  oomfxrandi  of  nitroas  acid 
with  alkaline  bases.  Nitrite  of  potassa  is  formed  by  heating  nitre  to  redness, 
and  removing  it  from  the  fire  before  the  decomposition  is  complete.  On  add- 
ing a  strong  acid  to  the  product,  red  fumes  of  nitrous  acid  are  disengaged, 
a  character  which  is  common  to  all  thanitritcs.  The  nitrite  of  soda,  baryta, 
and  strontia,  may  be  obtained  in  the  same  manner,  and  doubtless  sereial 
others.  Two  nitrites  of  oxide  of  lead  have  been  described  in  the  Annales  de 
Chimie,  Izzziii.  by  Chevreul  and  Berzetius.  It  is  possible,  however,  that 
these  compounds  are  hyponitrites. 

CHLORATES. 

The  salts  of  chloric  acid  are  very  analogous  to  the  nitrates.  As  the  chlo- 
rates of  the  alkalies,  alkaline  earths,  and  most  of  the  common  metals  are 
composed  of  one  equivalent  of  chloric  acid  and  one  equivalent  of  a  protoxide, 

M4.CI,  it  follows  that  the  oxygen  of  the  former  to  that  of  the  latter  is  in  t2ie 
ratio  of  1  to  5.  The  chlorates  are  decomposed  by  a  red  heat,  nearly  ail  of 
them  being  converted  into  metallic  chlorides,  with  evolution  of  pure  oxygen 
gas.  They  deflagrate  with  inflammable  substances  with  greater  vioUSioe 
than  nitrates,  yielding  oxygen  with  such  facility  that  an  explosion  is  pro- 
duced by  slight  causes.  Thus,  a  mixture  of  sulphur  with  three  times  its  weight 
of  chlorate  of  potassa  explodes  when  struck  between  two  hard  sur&ras. 
Witli  charcoal  and  the  sulphurets  of  arsenic  and  antimony,  this  salt  forms 
similar  explosive  mixtures;  and  with  phosphorus  it  detonates  violently  by 
percussion.  One  of  the  mixtures,  employed  in  the  percussion  locks  for  guns, 
consists  of  sulphur  and  chlorate  of  potassa,  with  which  a  little  charc<»l  or 
gunpowder  is  mixed ;  but  as  the  use  of  these  materials  is  found  corrosive  to 
the  lock,  fulminating  mercury  is  now  generallv  preferred. 

All  the  chlorates  hitlierto  examined  are  soluble  in  water,  excepting  the 
chlorate  of  protoxide  of  mercury,  which  is  of  sparing  solubility.  These  salts 
are  distinguished  bv  the  action  of  strong  hydrochloric  and  sulphuric  acids, 
the  former  of  which  occasions  the  disengagement  of  chlorine  and  protoxide 
of  chlorine,  and  the  latter  of  peroxide  of  chlorine. 

None  of  tiie  chlorates  are  found  native,  and  the  only  ones  that  require  par- 
ticular  description  are  those  of  potassa  and  baryta. 

C/dorate  of  Potato, — This  salt,  formerly  called  oxymuriatt  or  hyferoxy^ 
muriate  of  potash^  is  colourless,  and  crystallizes  in  four  and  six^ided  scales 
of  a  pearly  lustre.  Its  primary  form  is  stated  by  Mr.  Brooke  to  be  an  ob- 
lique rhombic  prism.  It  is  soluble  in  sixteen  times  its  weight  of  water  at 
60^,  and  in  two  and  a  half  of  boiling  water.  It  is  quite  anhydrous,  and  when 
exposed  to  a  temperature  of  400^  or  500^  undergoes  the  igneous  fusion.  On 
increasing  the  heat  almost  to  redness,  effervescence  ensues,  and  pure  oxygen 
gas  is  disengaged,  phenomena  which  have  been  explained  in  the  section  on 
oxygen.     It  can  bear  a  heat  of  G60<^  without  decomposition. 

Chlorate  of  potassa  is  made  by  transmitting  chlorine  gas  through  a  con- 
centrated solution  of  pure  potassa,  until  the  alkali  is  completely  neutralized. 
The  solution,  which,  after  being  boiled  for  a  few  minutes,  contains  nothing 
but  chloride  of  potassium  and  chlorate  of  potassa  (page  211),  is  gently  evapo- 
rated till  a  pellicle  forms  upon  its  surface,  and  is  then  allowed  to  cool.  The 
greater  part  of  the  chlorate  crystallizes,  while  the  chloride  remains  in  solu- 
tion. The  crystals,  afler  being  washed  with  cold  water,  may  be  purified  by 
a  second  crystallization. 

Chlorate  of  Baryta  is  of  interest,  as  being  the  compound  employed  in  the 
formation  oi^  chloric  acid;  and  the  Readiest  mode  of  preparing  it  is  by  the 
process  of  Mr.  Wheeler.  On  digesting  for  a  few  minutes  a  concentrated 
solution*  of  chlorate  of  potassa  with  a  slight  excess  of  silicated  hydroflttoriQ 
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acid,  the  alkali  is  precipitated  in  the  form  of  an  insoluhle  double  flaoride  of 
ailicium  and  potassium,  while  chloric  acid  remains  in  solution.  The  liquid 
after  filtration  is  neutralized  by  carbonate  of  baryta,  which  throws  down  the 
excess  of  silicated  hydrofluoric  acid,  and  chlorate  of  baryta  is  left  in  solution. 
By  evaporation  it  yields  prismatic  crystals,  which  require  for  solution  4  times 
their  weight  of  cold,  and  a  still  smaller  quantity  of  hot  water.  They  are 
composed  of  76.7  parts  or  one  eq.  of  baryta,  75.42  or  one  eq.  of  chloric  acid, 
and  9  or  one  eq.  of  water. 
Perchlorates, — ^The  neutral  protosalts  of  perchloric  acid  consist  of  one 

equivalent  of  acid  and  base,  as  is  expressed  by  the  formula  M  -|.C1.  Most  of 
these  salts  are  deliquescent,  very  soluble  in  water,  and  soluble  in  alcohol ; 
lour  only  were  found  by  SeruUas  to  be  pot  deliquescent, — the  perchlorates  of 
potassa,  ammonia,  protoxide  of  lead,  and  protoxide  of  mercury.  When  heat- 
ed to  redness  they  yield  oxygen  gas  and  metallic  chlorides ;  and  they  are 
distinguished  from  the  chlorates  by  not  acquiring  a  yellow  tint  on  the  addi. 
tion  of  hydrochloric  acid.  The  perchlorate  of  potassa  is  prepared  from  the 
chlorate  by  the  action  of  heat  and  sulphuric  acid,  as  already  mentioned.  (Page 
218.)  It  is  the  most  insoluble  of  the  perchlorates,  and  on  this  account  per- 
chloric acid  precipitates  potassa  from  its  salts,  being  a  test  of  about  the  same 
delicacy  as  tartaric  acid.  The  other  perchlorates  are  made  by  neutralize 
inff  the  base  with  perchloric  acid.  The  solubility  in  alcohol  of  the  per- 
chlorates of  baryta,  soda,  and  oxide  of  silver,  is  a  property  which  the  analy- 
tical chemist  may  avail  himself  of  in  analysis  for  the  separation  of  potassa 
and  soda  from  each  other. 

lODATES. 

From  the  close  analogy  in  the  composition  of  chloric  and  iodic  acids,  it 
follows  that  the  general  character  of  the  iodates  must  be  similar  to  that  of 
the  chlorates.  Thus  in  all  neutral  protiodates  the  oxygen  contained  in 
the  oxide  and  acid  is  in  the  ratio  of  1  to  5.  They  form  deflagrating  mix- 
tures  with  combustible  matters;  and  on  being  heated  to  low  redness,  oxygen 
firas  is  disengaged  and  a  metallic  iodide  remains.  As  the  affinity  of  iodme 
ror  metals  is  less  energetic  than  that  of  chlorine,  many  of  the  iodates  part 
with  iodine  as  well  as  oxygen  when  heated,  especially  if  a  high  temperature 
IB  employed. 

The  iodates  are  easily  recognized  by  the  facility  with  which  their  acid  is 
decomposed  by  deoxidizing  agents.  Thus,  the  sulphurous,  phosphorous, 
hydrochloric,  and  hydriodic  acids,  deprive  iodic  acid  of  its  oxygen,  and  set 
iodine  at  liberty.  Hydrosulphuric  acid  also  decomposes  the  acid  of  these 
salts ;  and  hence  an  iodate  of  potassa  may  be  converted  into  the  iodide  of 
potassium  by  transmitting  a  current  of  hydrosulphuric  acid  gas  through  its 
solution. 

None  of  the  iodates  have  been  found  native.  Tiiey  are  all  of  very  sparing 
solubility,  or  actually  insoluble  in  water,  excepting  the  iodates  of  the  alkalies. 

Iodate  of  Potassa, — ^This  salt  may  be  procured  by  adding  iodine  to  a  con- 
centrated hot  solution  of  pure  potassa,  until  the  alkali  is  completely  neutral- 
ized. The  liquid,  which  contains  an  iodate  and  iodide  (page  227),  is  evaporat- 
ed to  dryness  by  a  gentle  heat,  and  the  residue,  when  cold,  is  treated  by 
repeated  portions  of  boiling  alcohol.  The  iodate,  which  is  insoluble  in  that 
menstruum^  is  lefl,  while  the  iodide  of  potassium  is  dissolved.  A  better 
process  has  lieen  recommended  by  M.  Henry,  ^un.,  founded  on  the  property 
which  iodide  of  potassium  possesses,  of  absorbmg  oxygen  while  in  the  act 
of  escape  from  decomposing  chlorate  of  potassa.  For  this  purpose  iodide  of 
potassium  is  fused  in  a  capacious  Hessian  crucible,  and  when,  afler  removal 
from  the  fire,  it  is  yet  semi-fluid,  successive  portions  of  pulverized  chlorate  of 
potassa  are  projected  into  it,  stirring  well  afler  each  addition.  The  materials 
froth  up  considerably,  and  when  the  action  is  over,  a  white,  opaque,  cellular 
mass  remains,  easily  separable  firom  the  crucible:  tepid  water  dissolves  out 
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the  chloride  of  poUwium^  and  leaves  the  iodate.  Convenient  proportioiis  are 
one  part  of  iodide  of  potaaaium  and  rafber  more  than  one  and  a  half  of  chlorate 
of  potaata.  (Journ.  de  Pbarmacie,  July,  1832.) 

All  the  infloluhle  iodatet  may  be  procured  from  this  salt  by  douUe  deoom- 
^  position.  Thus  iodate  of  baryta  may  be  formed  by  mixingr  chloride  of 
barium  with  a  solution  of  iodate  of  potassa. 

A  biniodate  of  potaasa  has  been  described  by  SeruUas.  It  in  formed  by 
incompletely  neutralizing  a  hot  solution  of  chloride  of  iodine  with  potaasa 
or  its  carbonate,  and  setting  it  aside  to  cool.  A  peculiar  compound  of  chloride 
of  potassium  and  biniodate  of  potassa  falls;  but  on  dissolving  this  substance, 
filtering  and  exposing  the  solution  to  a  temperature  of  77^,  the  biniodate  is 
ffradually  deposited  in  ri^ht  rhombic  prisms  terminated  by  dihedral  summits. 
It  is  soluble  in  75  tiroes  its  weight  of  water  at  59^. 

A  teriodate  may  be  formed  by  mixing  a  large  excess  of  sulphuric  acid 
with  a  moderately  dilute  solution  of  iodate  of  potassa.  On  evaporating  at 
77^,  the  teriodate  is  deposited  in  regular  rhomboidal  crystals,  which  requiiv 
25  times  their  weight  of  water  at  60^  for  solution. 

Serullas  states  that  the  compound  of  chloride  of  potassium  and  biniodate 
of  potassa,  above  mentioned,  may  be  formed  by  the  action  of  hydrochloric 
acid  on  Iodate  of  potassa.  By  spontaneous  evaporation  it  is  obtained,  some- 
lime:)  in  briHiant,  transparent,  elongated  prisms,  and  at  other  times  in  hexa- 
gonal la  mine;  but  generally  it  crystallizes  in  right  quadrangular  prisms  with 
their  lateral  edges  truncated,  and  terminated  by  four-sided  summits.  (An.  de 
Ch.  etdePh.xliiL113.) 

^roma/^t.-— These  compounds  have  may  characters  common  with  the 
chlorates  and  iodates ;  but  hitherto  they  have  been  but  partially  examined. 

PHOSPHATES. 

In  studying  these  salts,  the  reader  must  bear  in  mind  that  there  are  three 
isomeric  modifications  of  the  same  acid,  which  have  been  described  nnder 
the  names  of  pkogphorie^  jn^ophotphoric,  and  tnetapkotphorie  acid  (page  202) ; 
and,  therefore,  it  will  be  necessary  to  have  three  corresponding  fiimilies  of 
salts,  the  ]^uuipkaie$j  pyropkotphaUe^  and  metaphou^tee.  This  distinction, 
and  the  other  facts  lately  recorded  by  Mr.  Graham,  render  it  necessary 
either  to  change  the  names  of  the  phosphates  or  to  retain  their  old  names 
in  opposition^  to  the  principles  of  nomenclature.  The  most  consistent  con- 
duct will  be  to  describe  each  salt  under  its  scientific  name,  and  add  at  the 
same  time  its  ordinary  one.  An  equivalent  of  each  of  the  three  acids,  is  a 
compound  of  31.4  parts  or  two  eq.  of  phosphorus  4. 40  parts  or  five  eq.  of 

oxygen  s  71.4,  expressed  by  the  fbrmuU  P^  To  form  a  salt  neutral  in  eom- 
position^  one  equivalent  of  an  alkaline  base  is  requisite;  and  in  the  case  of 

any  protoxide,  indicated  by  M,  the  general  formuAi  will  be  M^P.  If  two 
equivalents  of  a  protoxide  are  united  with  one  of  the  acid,  we  have  a  disaU, 

2M  4-^  ^^^  >^  three  eq.  of  a  base  combine  with  one  eq.  of  the  acid,  it  is  a 

trisali,  3M-|.P^  It  seeins  also  that  water  plays  the  part  of  an  alkalme  base 
towards  each  of  the  three  acids,  either  alone  or  conjointly  vdth  another  base : 
the  salts  with  such  compound  bases  can  scarcely  be  viewed  in  the  light  of 
double  salts  (page  434) ;  since  the  two  bases  act  together  as  one  electro-posi- 
tive  element 

..  All  the  protophosphates  which  are  neutral  in  composition,  are  soluble  in 
water,  and  redden  litmus  paper;  whence  they  are  commonly  called  super- 
phosphates. Tlie  triphosphates,  except  those  of  the  pure  alkalies,  are  either 
sparingly  soluble  or  insoluble  in  water ;  but  they  are  oil  dissolved  by  dilute 
fh^'^-  ^l  P**<^P*J<»»c  *c»<*»  ^^g  converted  into  the  soluble  phosphates.  All 
^  uie  triphosphates  with  fixed  andstrong  bases  bear  a  red  heat  without  change ; 
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bat  the  phot phates  and.  diphosphates,  to  jodge  from  experiments  on  the  soda 
BiQts,  are  converted  into  mctaphoephates  and  pyrophosphates.  Most  of  the 
phosphates  of  the  second  chiss  of  metals  are  resolved  into  phosphurets  by 
the  conjoint  aj^ency  of  heat  and  combustible  matter.  The  phosphates  of  thie 
alkalies  are  only  partially  decomposed  under  these  circumstances,  and  the 
phosphates  of  baryta,  strontia,  and  lime  undergo  no  change. 

The  presence  of  a  soluble  phosphate  may  be  distinfiruished  by  the  tests 
already  mentioned  (page  S03)  for  phosphoric  acid.  The  insoluble  phosphates 
are  decomposed  when  boiled  with  a  strong  solution  of  carbonate  of  potassa 
or  soda;  the  acid  uniting  with  the  alkali  so  as  to  form  a  soluble  phosphate; 
the  earthy  phosphates,  indeed,  are  decomposed  with  difficulty,  requiring  con- 
tinued ebullition,  and  should  preferably  be  fused  with  an  alkaline  carbonate, 
like  an  insoluble  sulphate. 

Several  phosphates  are  met  with  in  nature,  such  as  those  of  lime,  alumina, 
and  the  oxides  of  manganese,  iron,  uranium,  copper,  and  lead. 

The  composition  of  the  principal  phosphates  is  given  in  the  following 
table:— 

Names.  Base.  Acid.  Equiv.       Formal©. 

Triphosphate  of  soda      .         93.9    3eq.    4.71.4  leq.=165.3    SNa-fP^ 
Do.  in  crystals  with  216  or  24  eq.  of  water      .     ss381.3 

Triphosph.  soda  and  1  Soda     62.6     2  eq.  P  , -,  a  ^^     ,^q       m-sH  j-  P* 
bisic  water    .      5  Water     9       1  e^.  5 +^^-^  ^  ^^^-"^^       Na«H-fF. 

s359 


Do. 
Do. 


in  crystals  with    21 6  ur  24  eq.  of  water 
126  or  14  eq.  of  water 


^^r^-:^  \^r!l^      l.«^:J+71.4  1e,.-m7   NaH.+  P: 

Do.    in  crystals  with      18      or  2  eq.  of  water    .    «>  138.7 
Triphosphate  of  potassa        141.45  3eq.     +71.4  leq.-212.85       3k+p! 


Diphosphate        do 


94.3     2eq.     +71.4  1  eq.  =165.7       .  2K+P. 


Phosphate  do  47.15  1  eq.     +71.4  leq.^1 18.55         K  +  P^ 

Do.        in  crystals  with  18  or  2  eq.  of  water    .    .    =136.55 

Phosphate  of  soda  7  Soda       31.3  1  eq.7    ,  ,.  .  .  ^     ,  iq  Qcii.xjaNjlp 

and  ammonia    \  Ammon.  17.15  1  eq. 5  +^^-^  ^  eq.»=l  19.85 NaRsN+P. 

Do.        in  crystals  with  90  or  10  eq.  of  water,   .     =209,85 

Diphosphate  of  ammonia      34.3  2eq.      +71.4  leq.=:  105.7    2HsN+P. 

Do.        in  crystals  with  27  or  3  eq.  of  water    .      =3132.7-  ' 


Phosphate  of  ammonia         17.15    1  eq.     +71.4  1  eq.= 88.55 
Do.        in  crystals  with  27  or  3  eq.  of  water     .      =115.55 


Bone  phosphate  of  lime 
Triphosphate         do.    . 
Diphosphate  do.    . 

Phosphate  do.    . 


228  8eq.  +214.2  3eq.=44d^ 

85.5  3eq.  +  71.4  1  eq.=  156.9 

57  2eq.  +  71.4  leq.a128.4 

28.5  1  eq.  +  71.4  1  eq.=  99^ 


H»N+2; 

8Ca+3R 

3Ca+^. 

2Ca+V, 

Ca+P. 
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The  triphosphate  of  baryta,  atrontia,  protozidea  of  manganese,  iron,  cdpper* 
lead,  eilver,  dec.  precisely  correspond  to  the  triphosphate  of  lime,  simply  8ub> 
Btituting  three  equivalents  of  those  oxides.  These  oxides  in  like  manner 
form  sdable  phosphates  analogous  in  composition  to  that  of  lime. 

Tripho$phaU  of  Soda, — This  salt,  lately  described  by  Mr.  Graham  as  the 
9ub$e9quipho8pluUe,  is  made  b^  adding  pure  soda  to  a  solution  of  the  suc- 
ceeding compound  until  the  liquid  feels  soapy  to  the  fingers,  an  exoeas  oT 
soda  not  being  injurious.  The  liquid  is  then  evaporated  until  a  pelicle  ap- 
pears, and  the'  crystals  which  form  on  cooling  are  quickly  redissolved  in 
water  and  recrystallized.  Though  the  crystals  do  not  change  in  the  air, 
the  solution  absorbs  carbonic  acid,  and  the  resulting  carbonate  of  soda  ad- 
heres to  the  triphosphate. 

This  salt  crystallizes  in  colourless  six-sided  slender  prisms,  which  have  a 
strong  alkaline  taste  and  reaction,  require  5  times  their  weight  of  water  at 
60^,  and  still  less  of  hot  water,  for  solution,  and  at  170°  fuse  in  their  water 
of  crystallization.  They  may  be  exposed  to  a  red  heat  without  losing-  the 
characters  of  a  phosphate.  The  feeblest  acids  deprive  the  salt  of  one-third 
of  its  soda. 

When  this  salt  is  mixed  in  solution  with  nitrate  of  oxide  of  silver  in  ex- 
eess,  there  is  an  exact  interchange  of  elements,  such  that 

1  eq.  triphosphate  of  soda    3Na4^  ^   1  sq-  triphosphate  of  silver  3Ag-|-P 

.V.  if 

and  3  eq.  nitrate  of  silver    3(Ag-|-N)  ^  and  3eq.  nitrate  of  soda  3(Na-t-N). 

The  resulting  solution  is,  therefore,  quite  neutraL  The  triphosphate  of 
oxide  of  lead,  and  other  insoluble  triphosphates,  may  be  prepared  in  like 
manner. 

Triphoaphate  of  Soda  and  Banc  Waler.-^This  salt  is  the  most  common 
of  the  phosphates,  being  manufactured  on  a  large  scale  by  neutralizing  with 
carbonate  of  soda  the  acid  phosphate  of  lime  procured  by  the  action  of  sul- 
phuric acid  on  burned  bones  (page  198).  It  is  generally  described  as  the 
neutral  phosphate  of  soda,  and  for  distinction's  sake  is  sometimes  termed 
rhombic  phocphate,  (torn  its  crystals  having  the  form  of  oblique  rhombic 
prisms. 

This  salt  crystallizes  best  out  of  an  alkaline  solution;  but  however  pre- 
pared, it  is  always  alkaline  to  test  paper,  and  requires  a  considerable  quan- 
*  tity  of  acid  before  losing  its  alkalinity.  The  crystals  effloresce  on  ex- 
posure to  the  air,  and  require  four  times  their  weight  of  cold,  and  twice 
their  weight  of  hot  water  for  solution.  It  often  contains  traces  of  sulphuric 
acid,  from  which  it  may  be  purified  by  repeated  solution  and  crystallization. 
When  mixed  with  nitrate  of  oxide  of  silver,  the  interchange  of  elements  is 
such  that 

1  eq.  rhombic  phosphate     Na«H-f  P_^    1  eq.  triphosp.  of  silver      3Ag-hP. 

.V.  .1 
and  3  eq.  nitrate  of  silver  3(  Ag  4.  N.)   *^  and  2  oq.  nitrate  of  soda  S^Na  -f  N). 

The  yellow  triphosphate  of  oxide  of  silver  falls  exactly  as  with  the  former 
salt,  but  one  equivalent  of  nitric  acid  is  left  free  in  the  solution. 

When  a  solution  of  the  rhombic  phosphate  is  evaporated  at  a  temperature 
of  90^,  it  crystallizes  with  14  instead  of  24  equivalents  of  water,  and  the 
crystals  differ,  as  might  be  expected,  from  the  other  salt  in  figure,  and  are 
permanent  in  the  air.  Both  salts  lose  their  basic  water  at  a  red  heat,  and 
are  converted  into  a  pyrophosphate. 

Acid  Triphosphate  of  Soda  and  Wflt«r.— This  salt,  commonly  called  biphoc^ 
p^ateqfooda  from  its  acid  reaction,  may  be  formed  by  adding  phosphoric  acid 
to  a  solution  of  carbonate  of  soda,  or  to  either  of  the  preceding  phosphates, , 
until  it  ceases  to  give  a  precipitate  with  chloride  of  barium.   Being  very  soluble 
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in  water,  the  fldution  maflt  be  conoentrated  in  order  that  it  may  crystallize. 
This  salt  is  capable  ofyielding^  two  different  kinds  of  crystals  without  vary- 
ing its  composition.  The  more  unusual  form,  isomorphous  with  binarseniate 
of  soda,  is  a  right  rhombic  prism,  the  smaller  lateral  edge  of  which  is  78°  30', 
lerminatod  by  pyramidal  planes.  The  primary  form  of  its  ordinary  crys- 
tals is  a  right  rhombic  prism,  the  larger  angle  of  which  is  93°  54'. 

The  crystals  of  this  salt  consist,  as  sUted  at  page  451,  of  NaH'^P+^H. 
When  heated  to  ^2°  the  water  of  crystallization  is  expelled,  and  the  anhy- 
drous  salt  remains,  still  yielding  a  yellow  precipitate  with  silver  when  neutraL 
iied  by  ammonia ;  but  if  exposed  to  a  heat  of  400°,  it  loses  half  its  basic  water, 

being  reduced  (o  NaHP,  and  has  the  character  of  dipy  rophosphate  of  soda.  At 
a  red  heat  it  is  converted  into  metaphosphate  of  soda. 

TVipko&pkaU  of  Pviatta, — Mr.  Graham  formed  this  salt  by  adding  caostic 
potassa  in  excess  to  a  solution  of  phosphoric  acid,  as  well  as  by  fusing  phos- 
phoric acid  with  a  slight  excess  of  carbonate  of  potassa.  He  obtained  it  in 
acicular  crystals,  whi^  were  very  sduUe  in  water  but  not  deliquescent. 

Diphosphate  of  PotoMBa. — ^This  salt  niay  be  prepared  by  neutralizing  the 
superphosphate  of  lime  from  bones  with  carbonate  of  potassa.  It  is  deli- 
quescent, and  has  not  been  obtained  in  regular  crystals. 

Phogphate  of  PoUisea  may  be  formed  by  adding  phosphoric  acid  to  carbo- 
nate of  potassa  until  the  liquid  ceases  to  give  a  precipitate  with  chloride  of 
barium,  and  setting  it  aside  to  crystallize.  The  primary  form  of  the  crys- 
tals is  an  octohcdron  with  a  square  base ;  but  they  usually  occur  in  square 
prisms  terminated  by  the  planes  of  their  primary  form.  They  are  acid  to 
test  paper. 

When  this  compound  is  neutralized  by  carbonate  of  soda,  and  the  solution 
set  to  crystallize,  a  phosphate  of  soda  and  potassa  is  deposited  in  crystals, 
the  primary  form  of  which  is  an  oblique  rhombic  prism,  which  frequently 
occurs  without  any  modification. 

Phosphate  of  Soda  and  AmnConia, — This  salt  is  easily  prepared  by  mixing 
together  one  equivalent  of  faydrochlorate  of  ammonia  and  two  equivalents  M 
the  rhombic  phbsphate  of  soda,  each  being  previously  dissolved  in  a  small 
quantity  uf  boiling  water.  As  the  liquid  cools,  prismatic  crystals  of  the 
double  phosphate  ore  deposited,  while  chloride  of  sodium  remains  in  solution. 
Their  primary  form  is  an  oblique  rhombic  prism.  This  salt  has  been  long 
known  by  the  name  of  microcosmie  aaU^  and  is  much  employed  as  a  flux  in 
experiments  with  the  blowpipe.  When  heated  it  ports  with  its  water  and 
ammonia,  and  a  very  fusible  metaphosphate  of  soda  remains. 

Diphosphate  of  Amnumia, — ^This  salt  is  formed  by  adding  ammonia  to  con- 
centrated phosphoric  acid  until  a  precipitate  appears.  On  applying  heat, 
the  precipitate  is  dissolved,  and  on  abandoning  the  solution  to  itself,  the  neu- 
tral salt  crystallizes.  The  primary  form  of  the  crystals  is  an  oblique  rhom- 
bic prism,  the  smaller  angle  of  which  is  84°  30'.  They  often  occur  in  rhom- 
bic prisms  with  dihedral  summits.  (Mitschcrlich.) 

The  phosphate  ia  made  in  the  same  manner  as  the  phosphate  of  potassa. 
The  crystals  are  less  soluble  than  the  diphosphate,  and  undergo  no  change  on 
exposqre  to  the  air.  Their  primary  form  is  an  octohedron  with  a  square 
base;  but  the  right  square  prism,  terminated  by  the  faces  of  the  primary 
form,  is  the  most  frequent 

Phosphates  of  Lime, — ^The  peculiar  compound  xalled  the  hone  phosphate^ 
exists  in  bones  ofler  calcination,  and  falls  as  a  gelatinous  precipitate  on  pour- 
ing chloride  of  calcium  into  a  solution  of  the  rhombic  phosphate  of  soda,  or 
on  adding  ammonia  to  a  solution  of  any  phosphate  of  lime  in  acids. 

THphosphate  of  Lime  cannot  be  formed  by  precipitation,  but  occurs  in 
hexagonal  prisms  in  the  mineral  called  apatite. 

Diphosphate  of  Lime^  commonly  called  neutral  phosphate,  falls  as  a  granu- 
lar precipitate,  consisting  of  fine  crystalline  particles,  when  the  rhombic 
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phoiphate  of  soda  is  added  in  solution  drop  by  drop  to  chloride  of  calcium  in 
excess.  The  residoal  "liquid  reddens  litmus,  owing  to  a  small  quantity  of 
triphosphate  of  lime  bein?  crenerated. 

PhoaphaU  of  Lime,  called  the  biphoapkaU  from  its  acid  reaction,  is  farmed 
by  dissoWing  either  of  the  preceding  salU  in  a  slight  excess  of  phosphoric 
acid.  The  compound  is  deliquescent,  very  soluble,  and  crystallizes  with 
great  difficulty.  It  ezisU  in  the  urine.  The  solution  formed  by  the  action 
of  sulphuric  addon  bones  is  probably  a  compound  of  lime  with  two  or  more 
equivalents  of  phosphoric  acid,  being  really  a  tuferphotphaie, 

PhMphaUM  of  Magne9ia.^The  diphotphate,  2Mg+P^is  formed  by  mix- 
ing hot  saturated  solutions  of  the  rhombic  phospliate  of  soda  and  sulphate 
ofmagnesia,  and  separates  on  cooling  in  small  crystals  which  contain  four- 
teen equivalents  of  water  to  one  of  the  anhydrous  salt  The  triphosphaU  is 
principally  formed  when  the  solutions  are  intermixed  in  the  cold.  These 
salts  have  been  but  littie  examined. 

The  phoophate  of  ammonia  and  magnetia  subsides  as  a  pulverulent  granu. 
lar  precipitate  from  neutral  or  alkaline  solutions  containing  phosphoric  acid, 
ammonia,  and  magnesia.  It  is  readily  dissolved  by  acids,  and  is  sparingly 
soluble  in  pure  water,  especially  when  carbonic  acid  is  present;  but  it  is  in- 
soluble in  a  solution  of  most  neutral  salts,  such  as  hydrochlorate  of  ammo- 
nia. It  constitutes  one  variety  of  urinary  concretions.  According  to  Ber- 
lelius  it  consists  of 


Phosphoric  acid 

71.4 

leq. 

P. 

Magnesia 

41.4 

aeq. 

2Mg. 

Ammonia 

34.3 

2eq. 

2(3H+N). 

Wat«r      ....  90  10  eq.  lOH. 

The  mode  in  which  these  elements  are  arranged  is  unknown.  When  heat- 
ed to  redness  it  loses  its  water  and  ammonia,  and  the  residue  is  diphosphate 
ofmagnesia,  which  contains  36.67  per  cent  of  pure  magnesia.  At  a  strong 
red  heat  it  fuses,  and  appears  when  cold  as  a  white  enamel 

When  the  materials  for  forming  the  preceding  salt  are  mixed  while  hot, 
small  acicular  crystals  subside  on  cooling,  which  are  said  by  Berzelius  to 
contain  less  of  the  two  bases  than  the  other  salt 

PhosphaUB  of  Protoxide  of  Lead, — ^The  triphosphate  is  precipitated  when 
acetate  of  oxide  of  lead  is  mixed  with  a  solution  of  the  rhombic  phosphate  of 
soda,  acetic  acid  being  set  free.  The  diphosphate  is  best  formed  by  adding 
the  rhombic  phosphate  of  soda  gradually  to  a  hot  solution  of  chloride  of  lead 

The  nitrate  should  not  be  used  for  the  purpose,  as  it  combines  with  the 
precipitate.  Both  these  phosphates  are  white,  and  are  froquentiy  formed  at 
the  same  time.  The  diphosphate  fuses  readily  into  a  yellow  bead,  which  in 
cooling  acquires  crystalline  fMCCttes. 

Triphosphate  of  Oxide  of  Silver. — ^This  compound  subsides,  of  a  character- 
istic yellow  colour  (page  203),  when  the  rhombic  phosphate  of  soda  Is  mixed 
in  solution  with  nitrate  of  oxide  of  silver,  nitric  acid  being  set  frpe  at  the 
same  time.  It  is  apt  to  retain  some  of  the  nitrate  in  combination.  This  nit 
is  very  soluble  in  nitric  and  phosphoric  acid,  forming  the  soluble  phosphate, 
and  in  ammonia.  By  exposure  to  light  it  is  speedily  blackened ;  but  when 
protected  from  this  agent,  it  yields  on  drying  an  anhydrous  yellow  powder, 
which  has  a  specific  gravity  of  7.321  (Stromeyer).  Its  colour  changes  on 
the  application  of  heat  to  a  reddish-brown,  but  its  original  tint  returns  on 
cooling.  It  bears  a  red  heat  without  fusion :  at  a  white  heat  it  fuses,  and  if 
kept  for  some  time  in  a  fused  state  a  portion  of  pyrophosphate  is  generated* 
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PYROPHOSPHATES. 

The  diBOovery  of  these  ealts  by  Dr.  Clark  has  also  been  mentioned  (pacro 
203).  That  modification  of  phosphoric  acid,  termed  pyrophoephoric  acid^  is 
procured  by  forcing  with  the  aid  of  heat  phosphoric  acia  to  combine  with 
two  eqoivalents  either  of  water  or  some  fixed  base.  The  onl^  pyrophoe- 
j^tee  which  have  as  yet  been  studied  are  those  of  soda  and  oxide  of  silTer. 
These  salts  are  thus  constituted: — 

Names.  Base.  Acid.  Equiv.      FormuliB. 

Dipyrophosphate  of  soda    .    .    63.6  2eq.4.71.4  leq.=134  2Na+P. 

Da      in  crystals  with  90  or  10  eq.  of  water      .      s224 

Acid  dipyrophoe.  soda  )  Soda      31.3  1  eq.  ,  -|  .  i  ««  _iii  7        linii-LP 
and  btiic  water        J  Water     9     1  e^.+^l'^  ^^•?=l"-7       NaH+P. 

Pyrophosphate  of  soda  31.3  1  eq.4  71.4  1  eq.sl02.7         ^<l+Z: 

Dipyrophoe.  oxide  of  silver    .     232  2eq.4.71.4  1  eq.8ss303.4       2Ag4.P. 

DipvropkoBphaie  ofSoda* — ^This  is  the  compound  first  prepared  by  Dr.  Ckrk 
fi-om  the  rhombic  phosphate  (poge  2Q3),  by  expelling  iU  buic  water.  When 
the  residual  mass  is  dissolved  in  water  and  set  to  evaporate,  crystals  are  ob. 
tained,  having  the  outline  of  an  irregular  six-sided  prism,  derived  from  a 
rhombic  prism.  These  crystals  are  permanent  in  the  air,  much  less  soluble 
in  water  than  the  original  rhombic  phosphate,  and  quite  neutral  to  test  paper. 
Ignited  with  carbonate  of  soda,  a  phosphate  is  reproduced,  because  the  acid 
u  forced  to  unite  with  three  equivalents  of  a  base. 

Dipyrophosphate  of  soda  is  permanent  both  in  crystals  and  in  solution  in 
the  cold;  but  by  long  boiling,  or  quickly  when  boiled  with  an  acid,  a  phos- 
phate is  reproduced.  With  a  salt  of  lead  it  yields  a  white  dipyrophosphate 
of  oxide  of  lead;  and  on  washing  (he  precipitate  and  decomposing  by  hydro- 
sulphuric  acid  gas,  a  solution  of  pyrophoephoric  acid  is  obtained,  whieh 
again  fi)rm8  dipyrophosphate  of  soda  when  neutralized  with  soda. 

The  oxides  of  most  metals  of  the  second  class  yield  with  pyrophosphorio 
acid  insdKible  or  sparingly  soluble  salts,  which  may  be  prepared  by  double 
decomposition  with  dipyrophosphate  of  soda.  It  should  be  held  in  view,  how- 
ever, as  Stromeyer  has  remarlEed,  that  most  of  these  salts  are  more  or  less 
soluble  in  an  excess  of  dipyrophosphate  of  soda;  and  that  some  of  them, 
such  as  the  dipyrophosphate  of  the  oxides  of  lead,  copper,  nickel,  cobalt, 
uranium,  bismuth,  manganese,  and  mercury,  are  dissolved  by  it  with  great 
facility. 

Add  Dipyrophosphate  of  Soda  and  Water. — This  salt  is  formed  by  expo- 
sing, as  stated  at  page  453,  the  acid  triphosphate  to  a  heat  of  400^,  when  it 
loses  one  half  of  its  basic  water,  and  acquires  the  character  of  a  pyrophosphate. 
This  salt  dissolves  readily  in  water,  has  an  acid  reaction,  and  has  not  been 
obtained  in  crystals. 

Pyrophosphate  of  Soda.— VHiea  the  preceding  salt,  NaH+Pi  ia  heated  to 

600^  or  a  little  higher,  it  loses  its  basic  water,  and  yet  the  acid  does  not 
lose  the  character  of  pyrophoephoric  acid.    It  is  lefl,  therefore,  as  a  simple 

pyrophosphate  of  soda,  Na+P.  On  adding  water,  part  of  it  dissolves,  and 
part  is  lefl  as  an  insoluble  white  powder.  The  solution  is  quite  neutral  to 
test  paper,  but  on  adding  nitrate  of  oxide  of  silver,  the  dipyrophosphate  of 
that  oxide  fidls,  and  free  nitric  acid  remains  in  solution.  The  soluble  and 
insoluble  pyrophosphate  of  soda  appear  identical  in  composition;  and  the 
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fomier  at  a  heat  just  short  of  rednesB  may  be  wholly  cooTeried  into  the 
latter. 

Dipyropho$phate  of  Oxide  of  <SUoer.— This  salt  U  readily  formed  by  double 
decompoution  with  dipyrophosphate  of  soda  and  nitrate  of  oxide  of  silver, 
the  residual  liquid  being  quite  neutral  to  test  paper.  It  lalla  as  a  snow-white 
granular  precipitate,  which  fuses  readily  at  a  heat  short  of  incandeseence 
mto  a  dark  brown  liquid,  which  becomes  a  crystalline  enamel  on  cooling. 

METAPHOSPHATES. 

The  only  metaphosphates  which  have  yet  been  examined,  are  those  of 
sodat  baryta,  and  oxide  of  silver,  which  are  thus  constituted : — 

Names.  Base.  Acid.  Equiv.  Formulae. 

MsUphoaphate  of  Boda    .    .      313  1  eq^7i.4    leq.aBl02.7  Na+P. 

Do.  baryto    .    .   76.7  leq.+71.4    ieq.»148.1  Ba+P^ 

Do.  ox.  silver       116     leq.4-71.4  leq.=187.4  Ag+P.' 

SabmeUphos.  do.  348    3eq.4-142.8  2  eq.  =490.8      3Ag+2P. 

Metaphosphate  ofSoda^^When  the  pyrophosphate  or  acid  dipyrophoaphate 
of  soda  is  heated  to  low  redness,  it  fuses,  and  on  cooling  becomes  a  trans- 
parent glass,  which  deliquesces  in  a  damp  air,  and  is  very  soluble.  The 
solution  has  a  feeble  acid  reaction.  When  mixed  with  nitrate 'of  oxide  of 
silver,  the  metaphosphate  of  that  oxide  falls  in  gelatinous  flakes,  wholly  un- 
like the  pyrophosphate,  and  aggregates  together  as  a  soft  solid  when  heated  to 
near  21 2P.  The  metaphosphate  of  soda  does  not  chanere  by  keeping,  and 
has  not  hitherto  been  made  to  crystallize.  When  its  solution  is  evaporated, 
and  kept  for  some  time  at  400^,  it  is  reconverted  into  the  acid  dipyrophoa- 
.phate  of  soda  and  basic  water.  All  the  preceding  facts  are  drawn  from  Mr. 
Graham's  essay.  (Phil.  Trans.  1833,  Part  ii.) 

Metapkoiphate  of  Baryta  falls  in  gelatinous  flakes  on  adding  metaphos- 
phate of  soda  to  a  solution  of  chloride  of  barium,  the  latter  being  in  excess 
as  the  soda  salt  dissolves  the  precipitate.  By  long  continued  boiling,  meta- 
phosphate of  baryta  is  at  length  dissolved,  and  at  the  same  time  converted 
mto  a  phosphate. 

The  metaphosphate  of  silver  is  obtained  by  precipitation,  as  above  stated. 
When  put,  while  moist,  into  boiling  water,  part  of  its  add  is  removed,  and 
the  submetaphosphate  is  generated. 

ARSENIATES. 

Arsenic  acid  resembles  the  phosphoric  in  composition  and  in  many  of  its 
properties,  and  all  the  protarseniates  of  neutral  composition  are  represented 

by  the  formula  M-f-As,  the  oxygen  of  the  oxide  and  acid  being  as  1  to  5. 
These  salts,  like  the~phosphatcs,  are  soluble  in  water  and  redden  litmui» 

whence  they  are  commonly  considered  as  bisalts.    The  diaraeniates,  2M.f 

As,  in  which  the  oxygen  of  the  base  and  acid  is  as  2  to  5,  are  usually  termed 
neutral  arseniates.  Arsenic  acid  has  a  strong  tendency  to  the  formation  of 
triarseniatss.  Both  these  series  of  subsalts,  except  those  with  tho  alkalies, 
are  of  sparing  solubility  in  water ;  but  they  are  dissolved  by  phosphoric  or 
nitric  acid,  aa  well  as  most  acids  which  do  not  precipitate  the  baso  of  the 
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Miin^  of  the  aneniates  bear  a  red  heat  without  decomposition,  or  being 
otherwise  modified  in  their  characters ;  bat  they  are  all  decomposed  when 
heated  to  redness  along*  with  charcoal,  metallic  arsenic  being  set  at  fiberty. 
The  arseniates  of  the  fixed  alkalies  and  alkaline  earths  require  a  rather  hiffh 
temperature  for  reduction ;  while  the  arseniates  of  the  second  class  of  metals, 


as  of  lead  and  copper,  are  easily  reduced  in  a  glass  tube  by  means  of  a^spirit- 
lamp  without  danger  of  melting  the  glass.    Of  all  t' 
of  lead  is  the  most  insoluble. 


I  the  arseniates  that  of  oxide 


The  soluble  arseniates  are  easily  reoo^ized  by  the  tests  described  in  the 
section  on  arsenic  (page  357) ;  and  the  msoluble  arseniates,  when  boiled  in 
a  strong  solution  of  the  fixed  alkaline  carbonates,  are  deprived  of  their  acid, 
which  may  then  be  detected  in  the  usual  manner.  The  free  alkali,  however, 
should  first  be  exactly  neutralized  by  purmitric  acid. 

The  arseniates  of  lime,  and  of  the  oxides  of  nickel,  cobalt,  copper,  and 
lead,  are  natural  productions. 

The  composition  of  the  principal  arseniates  is  contained  in  the  following 
tabfe>- 


Names. 

Triarseniate  of  soda 

Do.       in  crystals  with 

Trianen.  soda     i  soda 
and  basic  water  ^  water 
Do.        in  crystals  with 
Do.        in  crystals  with 

Add  triarsen.  soda?  soda 
and  basic  water    5  water 
Do.        in  crystals  with 

Triarseniate  of  potassa 

Diarseniate       do.    . 

Arseniate  of  potassa 

Do.        in  crystals  with 

Diarseniate  of  ammonia 
Do.        in  crystals  with 

Arseniate  of  ammonia 
Do.       in  crystals  with 


Base. 


Acid. 


93.9       3eq.4.115.41eq.> 
216  or  34  eq.  of  water       < 


Equiv.    Formuls. 

==209.3  3Na+As.' 
»425.3 


^o       ?!5-+115.41eq.=187     NaSH+Ai! 
sf        X  eq»  *""■ 

216  or  24  eq.  of  water       s403 
126  or  14  eq.  of  water        s313 

11^      ^^;+115,4 1  eq.=:164.7  NaH8+ii; 
18    or  2  eq.  of  water      s  182.7 
141.45     3  eq. + 115.4 1  eq.»256.85  SK+As. 
94.3      2eq.+11541eq.»209.7  2k+As. 


47.15     leqH-115.41eq.s 
18   or  2  eq.  of  water       s 

34.3      2eq.+115.41eq.s 
27  or   3eq.  of  water 


.162.55  K+ As. 
:  180.55 

»149.7  2H3N+Ai. 
sl76.7 


Triarseniate  of  baryta 

.    230.1 

Diarseniate     do.     . 

.    153.4 

Arseniate        deu 

.     76.7 

TViarseniate  of  lime 

.     85.5 

Diarseniate       do.     . 

.     57 

Aneniate         do. 

.     28.5 

17.15    1  oq.+115.4  1  eq.«132.55  H3N+ As^ 
27  or   3  eq.  of  water       =159.55 

3eq.+115.41eq.s345.5  3Ba4.A8. 

2eq.+115.41eq.a^68.8  2Ba-f.A^! 

leq.-f.  115.4  leq.=::192.1  Ba+^. 

3eq.+115.41eq.s:200.9  dCa+As. 

2eq.+115.41eq.=172.4  2Ca+A^' 

leq.4.n5.41eq.»143.9    Ca+A^. 
39  "~ 
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Names.  Base.            Acid.           Eqait.  FormuUs. 

Trianeniateofprotoz.  lead  334^   3 eq.+ 115.4  leq.  =.450.2  3Fb+Aa. 

Dianeniate           do.  323i)   9eq.+115.4  leq.»B33&6  2Pb4-^ 

TVianeniate  of  ox.  filver    .  348      3eq4.115.4  leq.K4634  3Ag+Afc 

Anenialet  of  Soda, — ^The  trianeniate  U  made  in  the  eame  maimer  ae  tri- 
phoephate  of  soda,  with  which  it  is  iaomorphooa.  At  ^®,  100  parts  of  water 
dissolve  28  of  the  crystals,  and  still  more  by  the  aid  of  heat  At  18€o  they 
fbae  in  their  water  of  crystallixation. 

The  triarsentate  of  soda  and  basic  water  corresponds  precisely  i^  form  and 
constitation  with  the  corresponding  phosphate,  and  Uke  it  parts  with  its 
last  equivalent  of  water  at  a  red  heat ;  but  does  not,  on  losing  it,  receive  mnj 
change  in  its  characters.  It  is  efflorescent  and  alkaline  to  test  paper,  and 
crystallizes  best  out  of  an  alkaline  solution.  It  is  prepared  byadding  soda 
or  its  carbonate  in  slight  excess  to  a  solution  of  arsenic  acid.  The  salt  with 
fourteen  equivalents  of  water  coincides  with  the  corresponding  phosphate. 

The  acid  triarseniate  of  soda  and  basic  water  is  prepared  like  the  corre- 
sponding phosphate. 

The  same  observation  applies  to  the  arseniates  of  potaasa  and  ammonia, 
each  having  its  isomorphous  phosphate.  The  triarseniate  of  jwtassa  orya- 
tallixes  in  needles  and  with  difficulty,  like  the  corresponding  triphosphate. 
The  arseniate  of  potassa  may  be  formed  by  heating  nitre  to  redness  mixed 
with  an  equal  weight  of  arsenious  acid. 

The  double  arseniate  of  potassa  and  soda  agrees  in  form  and  oompo 
sition  with  the  phosphate  of  those  bases. 

Arseniates  of  Baryta. — ^The  triarseniate  is  best  prepared  by  gtadoally 
adding  in  solution  triarseniate  of  soda  to  chloride  of  barium  in  excess,  and 
falls  as  a  pulverulent  heavy  precipitate,  which  is  apt  to  contain  a  little  diar- 
seniate  of^ baryta  as  well  as  the  soda  salt,  and  should,  therefore,  be  well  wash- 
ed with  boiling  water.  On  adding  chloride  of  barium  to  an  excess  of  triarse- 
niate of  soda,  the  latter  salt  always  falls  with  the  precipitate. 

To  prepare  the  diarseniate  a  solution  of  the  rhombic  triarseniate  of  soda 
is  added  drop  by  drop  to  chloride  of  barium  in  solution,  when  the  diarseniate 
of  baryta  soon  appears  in  white  crystalline  scales,  which  contain  foar  equiva- 
lents of  water.  On  reversing  the  process  by  adding  chloride  of  barinm  to 
the  arseniate,  the  precipitate  is  a  mixture  of  the  triarseniate  and  diarseniate 
of  baryta.  By  the  continued  action  of  hot  water  on  the  diarseniate,  it  is 
partly  changed  into  the  soluble  arseniate  and  insoluble  triarseniate.  The 
soluble  arseniate  is  obtained  by  dissolving  either  of  the  two  former  salta,  in 
a  moist  state,  by  dilute  arsenic  acid. 

Arseniatea  of  Lime, — The  three  salts  analogous  to  those  of  hu^  are  ob- 
tained by  precisely  similar  processes.  The  diarseniate  occurs  in  silky  acicn- 
lar  crystals  as  a  rare  mineral  named  pharmacolite,  which  contains  six  equiva- 
lents of  water. 

Arseniates  of  Protoxide  of  Lead,— The  triarseniate  is  formed  hj  adding  in 
solution  acetate  of  oxide  of  lead  gradually  to  an  excess  of  triarseniate  of  soda. 
The  same  salt  falls  when  acetate  of  oxide  of  lead  and  the  rhombic  triarse- 
niate of  soda  are  intermixed,  acetic  acid  being  set  free.  It  is  a  white  ve^ 
insoluble  powder,  which  at  a  low  red  heat  acquires  a  yellow  tint,  whieh  it 
loses  again  on  cooling. 

The  diarseniate  may  be  made  by  a  similar  process  as  for  forming  the  di- 
phosphate, and  is  a  white  insoluble,  easily  fusible  powder. 

Triarseniate  of  Oxide  of  Silver. — ^This  salt  falls  as  a  brick-red  powder 
when  nitrate  of  oxide  of  silver  is  mixed  in  solution  with  triarseniate  of  soda 
or  the  rhombic  triarseniate,  in  the  latter  case  nitric  acid  being  set  free.    It 
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is  apt  to  retain  some  of  the  nitrate,  which  cannot  be  removed  by  washing ; 
a  property  which  the  yellow  phosphate  of  oxide  of  silver  also  possesses. 

ARSENITES. 

Hiese  salts  have  as  yet  been  but  little  examined.  The  arsenites  of  potassa, 
soda,  and  ammonia  may  be  prepared  by  acting  with  those  alkalies  on 
arsenious  acid :  they  are  very  soluble  in  water,  have  an  alkaline  reaction, 
and  have  not  been  obtained  in  regular  crystals.  Most  of  the  other  arsenites 
axe  insoluble,  or  sparingly  soluble,  in  pure  water ;  but  they  are  dissolved  by 
an  excess  of  their  own  acid,  with  great  facility  by  nitric  acid,  and  by  most 
other  acids  with  which  their  bases  do  not  form  insoluble  compounds.  The 
insoluble  arsenites  are  easily  formed  by  double  decomposition. 

All  the  arsenites  are  decomposed  when  heated  in  close  vessels,  the  arseni- 
ous acid  being  either  dissipated  in  vapour,  or  converted,  with  disengage- 
ment of  some  metallic  arsenic,  into  arseniates.  Heated  with  charcMl  or 
black  flux,  the  acid  is  reduced  with  facility.  (Page  357.) 

The  soluble  arsenites,  if  quite  neutral,  are  characterized  by  forming  a  yel- 
low arsenite  of  oxide  of  silver  when  mixed  with  the  nitrate  of  that  base,  and 
a  ^p-een  arsenite  of  protoxide  of  copper,  Scheele*s  green,  with  sulphate  of  that 
oxide.  When  acidulated  with  acetic  or  hydro<»iloric  acid,  hydroeulphuric 
acid  causes  the  formation  of  orpiment  The  insoluble  arsenites  are  all  de- 
composed when  boiled  in  a  solution  of  carbonate  of  potassa  or  soda. 

The  arsenite  of  potassa  is  the  active  principle  of  Fowler^s  snenical  sdln- 
tion. 

CMROMATES. 

The  salts  of  chromic  acid  are  mostly  either  of  a  yellow  or  red  colour,  the 
latter  tint  predominating  whenever  the  acid  is  in  excess.  The  chromates  of 
oxides  of  the  second  class  of  metals  are  decomposed  by  a  strong  red  heat,  by 
which  the  acid  is  resolved  into  the  green  oxide  of  chromium  and  oxygen 
gas;  but  the  chromates  of  the  fixed  alkalies  sustain  a  very  high  temperature 
without  decomposition.  They  are  all  decomposed  without  exception  by  the 
nnited  agency  of  heat  and  combustible  matter.  The  neutral  chromates  of 
protoxides  are  similar  in  constitution  to  the  sulphates,  being  formed  of  one 

equivalent  of  the  base  and  one  of  chromic  acid,  the  formula  being  M-|.Cr. 

The  chromates  are  in  general  sufficiently  distinguished  by  their  colour. 
They  may^  be  known  chemically  by  the  following  character : — On  boiling  a 
chromate  in  hydrochloric  acid  mixed  with  alcohol,  the  chromic  acid  is  at 
first  set  free,  and  is  then  decomposed,  a  green  solution  of  the  chloride  of 
chromium  being  generated. 

The  only  native  chromate  hitherto  discovered  is  the  red  diohromate  of 
protoxide  of  lead  from  Siberia,  in  the  examination  of  which  Vauquelin  made 
the  discovery  of  chromium. 

Chromates  of  Potatsa. — The  neutral  chromate  from  which  all  the  com- 
pounds of  chromium  are  directly  or  indirectly  prepared,  is  made  by  heating 
to  redness  the  native  oxide  of  chromium  and  iron,  commonly  called  ehromaU 
of  tron,  with  nitrate  of  potassa,  when  chromic  acid  is  generated,  and  unites 
with  the  alkali  of  the  nitre.  The  object  to  be  held  in  view  is  to  employ  so 
small  a  proportion  of  nitre,  that  the  whole  of  the  alkali  may  combine  with 
chromic  acid,  and  constitute  a  neutral  chromate,  which  is  easily  obtained 
pure  by  solution  in  water  and  crystallization.  For  this  purpose  the  chromate 
of  iron  is  mixed  with  about  a  fifth  of  its  weight  of  nitre,  and  exposed  to  a 
strong  heat  for  a  considerable  time ;  and  the  process  is  repeated  with  those 
portions  of  the  ore  which  are  not  attacked  in  the  first  operation.  It  is  de- 
posited fVom  its  solution  in  small  prismatic  anhydrous  crystals  of  a  lemon- 
yell<sw  colour,  the  primary  form  of  which,  according  to  Mr.  Brooke,  is  a 
right  rhombic  prism. 

Chromate  of  potassa  has  a  cool,  bitter,  and  disagreeable  taste.  It  is  so- 
luble to  great  extent  in  boiling  water,  and  in  twice  its  weight  of  that  liquic* 
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at  60^ ;  but  it  is  inaolable  in  alcohol.  It  has  an  alkaline  reacUon,and  on  this 
aoooont  M.  Tassaert*  regards  it  as  a  subialt;  bat  Dr.  Thomson  has  proved 
that  it  is  nentral  in  composition,  consisting  of  53  parts  or  one  oqaivalent  ot 
chromic  acid,  and  47.15  parts  or  one  equivalent  of  potassa.  ^ 

Bichromate  of  potassa,  which  is  made  in  large  quantity  at  Glasgow  for 
dyeing,  is  prepared  by  acidulating  the  neutral  chromate  with  sulphuric  or  still 
better  with  acetic  acid,  and  allowing  the  solution  to  crystallise  by  sponta. 
neous  evaporation.  When  slowly  formed  it  is  deposited  m  four.«ided  tabular 
crystals,  the  primary  form  of  which  is  an  oblique  rhombic  prism.  They 
have  an  ezoeedinglv  rich  red  cdour,  are  anhydrous,  and  consist  of  one 
equivalent  of  the  alkali,  and  two  equivalents  of  chromic  acid.  (Thomson.) 
liiey  are  soluble  in  about  ten  times  their  weight  of  water  at  60^,  and  the 
solution  reddens  litmus  paper. 

The  insoluble  salts  or  cnromic  acid,  such  as  the  chromates  of  baryta  and 
ozidee  of  sine,  lead,  mercury,  and  silver,  are  prepared  by  mixing  the  solofafe 
sslti  of  those  bases  with  a  solution  of  chromate  of  potassa.  The  three 
former  are  yellow,  the  fourth  orange-red,  and  the  fifth  deep  red  or  purple. 
The  yellow  chromate  of  lead,  whidi  consists  of  one  equivalent  of  acid  and 
one  equivalent  of  oxide,  is  now  extensively  used  as  a  pigment,  and  the  chro- 
mate of  oxide  of  zinc  may  be  used  for  the  same  purpose. 

A  dichromate,  composed  of  one  equivalent  of  chromic  acid  and  two  equi- 
valents of  protoxide  of  lead,  may  be  formed  by  bculing  the  carbonate  of  that 
oxide  with  excess  of  chromate  of  potassa.  it  is  of  a  beautifol  red  colour, 
and  has  been  recommended  by  Mr.  Badams  as  a  pigment  (An.  ot  PhiL 
zxv.  303.)  It  may  be  also  made  by  bculing  the  neutru  chromate  with  am- 
monia or  lime-water.  Liebig  and  WOhler  prepare  it  by  fusing  nitre  at  a 
low  red  heat,  and  adding  chromate  of  oxide  of  lead  by  degrees  until  the 
nitre  is  nearly  exhausted.  The  chromate  of  potassa  and  nitre  are  then  re- 
moved by  water,  and  the  dichromate  is  left  crystalline  in  texture,  and  <^  so 
beautifol  a  tint,  that  it  vies  with  cinnabar.  (Pog.  An.  xxL  580.) 

BiehromaU  of  Chioride  of  Potassium, — ^M.  Peligot  has  lately  described  a 
crystalline  compound  in  which  chloride  of  potassium  acts  the  part  of  an  alkn- 
line  base  in  relation  to  chromic  acid.  It  is  prepared  from  bichromate  of 
potassa  and  concentrated  hydrochloric  add  in  the  ratio  by  weight  of  about 
3  to  4,  which  are  to  be  boiled  together  for  some  time  in  a  rather  small  quan- 
tity  of  water ;  and  it  ia  deposited  in  flat  quadrangular  prisms  of  the  same 
colour  as  bichromate  of  potassa. 

In  this  process  there  is  a  mutual  interchange  between  the  elements  of 
potassa  and  hydrochloric  acid ;  such  that 

2  eq.  chromic  acid    .        .  2(Cr^.30)  .^  2  eq.  chromic  acid   2(0.f30). 
leq.  potassa    .  K-f-O      .v   1  eq.  chlo.  of  potassium  E  4- CL 

1  eq.  hydrochloric  acid  H4-CI      ^  1  eq.  water  H4-0. 

For  this  change  to  ensue  there  ought  to  be  a  certain  excess  of  hydrochioric 
acid,  and  yet  not  so  much  as  to  decompose  the  chromic  acid. 

This  salt  should  be  dried  on  bibulous  paper.  It  ia  permanent  in  the  air. 
In  pure  water  it  is  decomposed,  the  materials  from  which  it  was  formed, 
bichromate  of  potassa  and  hydrochloric  acid,  being  reproduced ;  but  it  may 
be  dissolved  without  such  change  in  water  acidulated  by  hydrochloric  acid. 
M.  Peligot  has  made  similar  bichromates  with  the  chlorides  of  sodium, 
calcium,  and  magnesium,  and  with  hydrochlorate  of  ammonia;  this  last  salt 
being  exactly  similar  in  appearance  to  the  bichromate  of  chloride  of  potas- 
sium. (An.  de  Ch.  et  de  Ph.  lii.  267.) 

BORATES. 

As  the  boracic  is  a  feeble  acid,  it  neutralises  alkalies  imperfectly ;  and  hence 
the  borates  of  soda,  potassa,  and  ammonia  have  always  an  alkaline  reaction. 
For  the  same  reason,  when  the  borates  are  digested  in  any  of  the  more  power- 

-  'An.  de  Ch.  et  de  Ph.  vol.  xxii.        f  Annals  of  Philosophy,  voL  xvi 
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fill  acidt,  rach  as  the  sulphuric,  nitric,  or  hydrochloric,  the  boracic  acid  is  sepa- 
rated from  its  base.  This  docs  not  happen,  however,  at  high  temperatures  ; 
for  boracic  acid,  owing  to  its  fixed  nature,  decomposes  at  a  red  heat  all 
salts,  not  excepting  sulphates,  the  acid  of  which  is  volatile. 

The  borates  of  the  alkalies  are  soluble  in  water,  but  most  of  the  other 
salts  of  this  acid  are  of  sparing  solubility.  They  are  not  decomposed  by  heat, 
and  the  alkaline  and  earthy  borates  resist  the  action  of  heat  and  combustible 
matter.  Hiey  are  remarkably  fusible  in  the  fire,  a  property  obviously  ow- 
ing to  the  great  fusibility  of  boracic  acid  itself. 

The  borates  are  distinguished  by  the  following  character : — By  digesting 
any  borate  in  a  slight  excess  of  strong  sulphuric  acid,  evaporating  to  dryness, 
and  boiling  the  residue  in  strong  alcohol,  a  solution  is  formed,  which  has  the 
property  of  burning  with  a  green  flante.  (Page  205.) 

Biborate  of  Soda. — ^This  ult,  the  only  borate  of  importance,  occurs  native 
in  some  of  the  lakes 'of  Thibet  and  Persia,  and  is  extracted  from  this  Source 
by  evaporation.  It  is  imported  from  India  in  a  crude  state,  under  the  name 
of  iincal^  which,  after  being  purified,  constitutes  the  refined  borax  of  com- 
merce. It  is  frequently  called  tubborate  oftoda,  a  name  suggested  by  the  in- 
consistent and  unphilosophical  practice,  now  quite  inadmissible,  of  regulating 
the  nomenclature  of  salts  merely  by  their  action  on  vegetable  colouring  mat- 
ter. It  crystallizes  in  hexahedral  prisms,  which  effloresce  on  exposure  to 
the  air,  require  twenty  parts  of  cold,  and  six  of  boiling  water  for  solution. 
When  exposed  to  heat  the  crystals  are  first  deprived  of  their  water  of  crys- 
tallization, and  then  fused,  forming  a  vitreous  transparent  substance  called 
gla9B  •f  borax.  The  crystals  are  composed  of  69.8  parts  or  two  eq.  of 
boracic  acid,  31.3  or  one  eq.  of  soda,  and  90  or  ten  eq.  of  water. 

The  chief  use  of  borax  is  as  a  flux,  and  for  the  preparation  of  boracic 
acid.  Biborate  of  magnesia  is  a  rare  natural  production,  which  is  known  to 
mineralogists  by  the  name  of  boracite, 

A  new  biborate  of  soda,  which  contains  half  as  much  water  of  crystalli- 
zation as  the  preceding,  has  been  lately  described  by  M.  Buran.  It  is  harder 
and  denser  than  borax,  is  not  efflorescent,  and  crystallizes  in  regular  octoho- 
drons.  It  is  made  by  dissolving  borax  in  boiling  water  until  the  specific 
gravity  of  the  solution  is  at  30°  or  32°  of  3aum^^s  hydrometer :  tlie  solution 
is  then  very  slowly  cooled ;  and  when  the  temperature  descends  to  about  133°, 
the  new  salt  is  deposited.  It  is  found  to  be  more  convenient  for  the  use  of 
jewellers  than  common  borax.  (An.  de  Ch.  et  de  Ph.  xxxvii.  419«) 

CARBONATES. 

The  carbonates  are  distinguished  from  other  salts  by  being  decomposed 
with  effervescence,  owing  to  the  escape  of  carbonic  acid  gas,  by  nearly 
all  the  acids ;  and  all  of  them,  except  the  carbonates  of  potassa,  soda,  and 
lithia,  may  be  deprived  of  their  acid  by  heat.  The  carbonates  of  baryta  and 
strontia,  especially  the  former,  require  an  intense  white  heat  for  decomposi- 
tion ;  those  of  lime  and  magnesia  are  reduced  to  the  caustic  state  by  a  full 
red  heat;  and  the  other  carbonates  part  with  their  carbonic  acid  when  heat- 
ed to  dull  redness. 

All  the  carbonates,  except  those  of  potassa,  soda,  and  ammonia,  are  of 
sparing  solubility  in  pure  water ;  but  all  of  them  are  more  or  less  soluble  in 
an  excess  of  carbonic  add,  owing  doubtless  to  the  formation  of  supersalts. 

The  former  nomenclature  of  the  salts  is  peculiarly  exceptionable  as  ap- 
plied to  the  carbonates.  The  two  well-known  carbonates  of  potassa,  for  ex- 
ample, are  distinguished  by  the  propositions  tub  and  super^  as  if  the  one  had 
an  alkaline,  and  the  other  an  acid  reaction ;  whereas,  in  fact,  according  to 
their  action  on  test  paper,  they  are  both  subsalts.  I  shall  adopt  the  nomen- 
clature which  has  been  employed  with  other  salts,  applying  the  generic  name 
of  carbonate  to  those  salts  which  contain  one  equivalent  of  carbonic  acid, 
and  one  equivalent  of  the  base,—- compounds  which  may  be  regarded  as 
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nentrtl  in  coropositioD,  however  they  may  act  oq  the  colooriDg  matter  cif 


plants.    The  fonnuk  for  the  neatral  protocarbonatea  is  M  -f-C,  the  acid 
taining  twice  as  much  oxygen  as  the  base. 

Several  of  the  carbonates  occur  native,  among  which  may  be  enamer&ted 
the  carbonates  of  soda,  baryta,  strontia,  lime,  mafneaia,  and  the  protozidea 
of  manganeee,  iron,  copper,  and  lead ;  together  wiUi  some  double  carbonates, 
such  as  Dolomite,  or  the  double  carbonate  of  lime  and  magnesia^  and  baryto- 
calcite,  or  the  double  carbonate  of  baryta  and  lime. 

The  composition  of  the  principal  carbonates  is  stated  in  the  fidlowin^ 
table: 

Names.  Base.  Acid.  £!quiv.  FormolB. 

Carbonate  of  potassa    .    47.15    1  eq.+32.12  I  eq^  69.27  K+C. 

fiicarbonateofpotassa    .   47.15    1  eq.-|-44.24  2eq.ss9l.39  K+2C. 

Da  in  crystals  with  9  or  1  eq.  of  water  8sl00.39 

Carbonate  of  soda    .    ,    31.3      1  eq.4.S22.13    1  eq.=  53.43  Na^-C. 
Do.  in  crystals  with  90  or  10  eq.  of  water  esl 43.42 

Da  in  crystals  with  63  or    7  eq.  of  water  sll6.42 

Bicarbonate  of  soda    .      31.3      1  ea.  +  44.24    2  eq.as  75.54    Na4.9C. 
Do.  in  crystals  with  9  or  1  eq.  or  water  ss  84.54 

Carbonate  of  ammonia  .  17.15  1  eq. 4-22.12  1  eq.=  39i27  H^X+C. 

Bicarbonate  of  ammonia  17.15  1  eq.+44i24  2  eq.ss  6139  HSN4.2C. 

Carbonate  of  baryU    .      76.7  1  eq.+ 22.12  1  eq.a  9a82  Ba+C. 

Carbonate  of  strontia        51.8  1  eq.4.22.12  1  eq.a  73i)2  Sr4.CL 

Carbonate  oflime(  marble)  28.5  1  eq.+22.12  1  eq.8  50.62  Ca+C. 

Carbonate  of  magnesia      20.7      1  eq.4.22.12    1  eq.s  42.82    Mg+C. 
Do.  in  crystals  with  27  or  3  eq.  of  water  s  69.82 

CarbonaU  protoz.  of  iron  36         1  eq.+ 22.12    1  eq^  58.12    Fe-|^C. 

Dicarbonateprotox. copper 79.2     2eq+22.12    1  eq.»  101.32    2Ca^~C, 

Do.  in  malachite  with  9  or  1  eq.  of  water  s  110.32 

Carbonate  protox.  lead       111.6    1  eq.4.22.12    1  eq.s:133.72 

Dicarb.  perox.  mercury      436      2eq.-|-22.12    1  eq.B  458.12    2Hg4.C. 

Double  Carbonates. 

Carbonate  of  lime   ^Carb.lime.    .    50.62    1  eq.  ^       tt^n  m-A'  .  r. /^ 
and  magnesia      )  Carb.  magnesia   42.82    1  eq.  (  *=  ^^'^  MgC4.CaC. 

Carbonate  of  Potassa, — This  salt  is  procured  in  an  impure  form  by  burn- 
ing land  plants,  lixiviating  their  ashes,  and  evaporating  the  solution  to 
dryness,  a  process  whidi  is  performed  on  a  laige  scale  in  Russia  and 
America.  The  carbonate,  thus  obtained,  is  known  in  commerce  by  the  names 
of  potash  and  pearlasJi^  and  is  much  employed  in  the  arts  especially  in  the 
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formation  of  soap  and  the  manafactare  of  glass.  When  derived  from  this 
source  it  always  contains  other  compounds,  such  as  sulphate  of  potassa  and 
chloride  of  potassium ;  and,  therefore,  for  chemical  purposes,  it  should  be 
prepared  from  cream  of  tartar.  On  heating  this  salt  to  redness,  the  tartaric 
acid  is  decomposed,  and  a  pure  carbonate  of  potassa  mixed  with  charcoal 
remains.  The  carbonate  is  then  dissolved  in  water,  and,  after  filtration,  is 
evaporated  to  dryness  in  a  capsule  of  platinum  or  silver. 

Pure  carbonate  of  potassa  has  a  taste  strongly  alkaline,  b  slightly  caustic, 
and  communicates  a  green  tint  to  the  blue  cdour  of  the  violet  It  dissolves 
in  less  than  an  equal  weight  of  water  at  60^,  deliquesces  rapidly  on  exposure 
to  the  air,  and  crystallizes  with  much  difficulty  firom  its  solution.  In  pure 
alcohol  it  is  insoluble.    It  fuses  at  a  full  red  heat,  but  undergoes  no  other 
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It  IS  often  necessary,  for  commercial  purposes,  to  ascertain  the  value  of 
different  samples  of  pearlash;  that  is,  to  determine  the  quantity  of  real  car- 
bonate of  potassa  contained  in  a  given  weight  of  impure  carbonate.  A  con- 
venient  mode  of  effecting  this  object  is  described  by  Mr.  Faraday  in  this  ex. 
cellent  work  on  Chemical  Manimdation.  Into  a  tube  sealed  at  one  end,  9^ 
inches  long,  |ths  of  an  inch  in  diameter,  and  as  cylindrical  as  possible  in  its 
whole  length,  pour  1000  grains  of  water,  and  with  a  file  or  diamond  mark 
the  place  where  its  surface  reaches,  and  divide  the  space  occupied  by  the 
water  into  100  equal  parts,  as  is  shown  in  the  annexed  wood-cut.  Opposite 
to  the  numbers  33.44,  48^6,  54.63,  and  65,  draw  a  line,  and  at  the  first  write 
soda,  at  the  second  potassa,  at  the  third  carbonate  of  soda,  and  at  the  fourth 
carbonate  of  potassa.  Then  prepare  a  dilute  acid  having  the  specific  gravity 
of  1.127  at  60^,  which  may  be  made  by  mixing  one  measure  of  concentrat- 
ed  sulphuric  acid  with  four  measures  of  distilled  water.  This  is  the  stand, 
ard  acid  to  be  used  in  all  the  experiments,  being  of  such  strength  that  when 
poured  into  the  tube  till  it  reaches  either  of  the  four  marks  just  mentioned, 
we  shall  obtain  the  exact  quantity  which  is  necessary  for  neutralizing  100 
grains  of  the  alkali  written  opposite  to  it  I^  when  the  acid  reaches  the  word 
earb.  potoBsa,  and  when,  consequently,  we 
have  the  exact  quantity  which  will  neutra- 
lixe  100  grains  of  that  carbonate,  pure 
water  be  added  until  it  reaches  0,  or  the 
b^inning  of  the  scale,  each  division  of  Uiis 
mixture  will  neutralize  one  grain  of  car1» 
nate  of  potassa.  All  that  is  now  required, 
in  order  to  ascertain  the  quantity  of  real 
carbonate  in  any  specimen  of  pearlash,  is 
to  dissolve  100  grains  of  the  sample  in 
warm  water,  filter  to  remove  all  the  in- 
soluble parts,  and  add  the  dilute  acid  in 
successive  smaU  quantities,  until  by  the 
test  of  litmus  paper,  the  solution  is  exactly  Potassa  .  . 
neutralized.  Each  division  of  the  mix-  p  .  «, 
ture  iodicates  a  grain  of  pure  carbonate.  * 

It  is  convenient,  in  conducting  this  process, 
to  set  aside  a  portion  of  the  alkaline  liquid,  in,  Garb.  Potassa  -^ 
order  to  neutralize  the  acid,  in  case  it  should 
at  first  be  added  too  freely.  To  this  instru- 
ment the  term  alkalimeter  is  given,  a  name 
obviously  derived  from  the  use  to  which  it 
is  applied. 

Bicarbonate  of  Potassa  is  made  by  trans- 
mitting a  current  of  carbonic  acid  gas  through 
a  solution  of  the  carbonate;  or  by  evaporat- 
ing a  mixture  of  the  carbonates  of  ammonia 
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ind  potasHu  the  ammoiiia  bein^  diMipated  in  a  pore  state.  By  dow  erapo- 
ration,  the  bicarbonate  is  depoaited  fVom  the  liquid  in  hydrated  prismn  with 
eight  sides,  terminated  with  dihedral  sammits,  the  primary  form  of  whidk 
is  a  right  rhomboidal  prism. 

Bicarbonate  of  potassa,  though  hf  milder  than  the  carbonate,  is  alkaline 
both  to  the  taste  and  to  test  paper.  It  does  not  deliquesce  on  ezpomire  to 
the  air.  It  requires  four  times  its  weight  of  water  at  60^  for  solution,  and 
is  much  more  soluble  at  212^;  but  it  parts  with  some  of  its  add  at  that  tem^ 
perature.    At  a  low  red  heat  it  is  converted  into  the  carbonate. 

Dr.  Thomson,  in  his  **  First  Principles,**  has  described  a  sesqoiearbonate, 
which  was  discovered  by  Dr.  Ninuno  of  Glasgow.    Its  crystals  contain 

twdve  equiyalents  of  water,  as  denoted  by  the  formula  K^CS  ^  12H. 

Carbonate  oj  SotUtd — ^The  carbonate  of  commerce  is  obtained  by  lixiviating 
the  ashes  of  sea-weeds.  The  best  variety  is  known  by  the  name  of  barillm, 
and  is  derived  chiefly  firom  the  ioUola  toda  and  talicamia  AerAocec.  A 
very  inferior  Iiind,  known  by  the  name  of  kelp^  is  prepared  from  sea-weeda 
on  the  northern  shores  of  Scotland.  The  purest  barilla,  howeyer,  though 
well  fitted  for  making  soap  and  glass,  and  for  other  purposes  in  the  arts, 
always  contains  the  sulphates  of  potassa  and  soda,  and  the  chlorides  of  po- 
tassium  and  sodium.  A  purer  carbonate  is  prepared  by  heating  a  mixtora 
of  sulphate  of  soda,  sawdust,  and  lime  in  a  reverberatory  furnace.  By  the 
action  of  carbonaceous  matter,  the  sulphuric  acid  is  decomposed;  its  snmhnr 
partly  uniting  with  calcium  and  partly  being  dissipated  in  the  form  of  sul- 
phurous acid,  while  the  carbonic  acid,  whidi  is  generated  during  the  pnv 
cess,  unites  with  soda.  The  carbonate  of  soda  is  then  obtained  by  lixivia- 
tion  and  crystallization.  It  is  difiicult  to  obtain  this  salt  quite  free  from  snl- 
phnric  acid. 

Carbonate  of  soda  crystaMizes  in  octohedrons  with  a  rhombic  base,  the 
acute  angles  of  which  are  generally  truncated.  The  crystals  efiloresee  on 
exposure  to  the  air,  and  when  heated  dissolve  in  their  water  of  crystallizatioo. 
By  continued  heat  they  are  rendered  anhydrous  without  loss  of  carbonic 
acid.  They  dissolve  in  about  two  parts  of  cold,  and  in  rather  less  than  their 
weight  of  boiling  water,  and  the  solution  has  a  strong  alkaline  taste  and  re- 
action. The  crystals  commonly  found  in  commerce  contain  ten  equivalents 
of  water ;  but  when  formed  at  a  temperature  of  about  80^,  they  retain  only 
seven  equivalents. 

The  purity  of  different  specimens  of  barilla,  or  other  carbonates  of  soda, 
may  be  ascertained  by  means  of  the  alkalimeter  above  described. 

Biearhoruae  of  Soda,— This  salt  is  made  by  the  same  processes  as  bicar- 
bonate of  potassa,  and  is  deposited  in  hydrated  cr3rstalline  grains  by  evapora- 
tion.  Though  still  alkaline,  it  is  much  milder  than  the  carbonate,  and  far 
less  soluble,  requiring  about  ten  times  its  weight  of  water  at  60^  for  sdo- 
tion.  It  is  deoompoMd  partially  at  213^,  and  is  converted  into  the  carbonate 
by  a  red  heat. 

Sesquicarbonate. — ^This  compound  occurs  native  on  the  banks  of  the  lake* 
of  soda  in  the  province  of  Sukena  in  Africa,  whence  it  is  exported  under  the 
name  oftrona.  It  was  iirBt  distinguished  from  the  two  other  carbonates  by 
Mr.  Phillips,  (Journal  of  Science,  vlL)  whose  analysis  corresponds  with  that 

of  Klaproth.    Its  formula  is  Na^CS  J.4H. 

Carbonate  tf  Ammonia, — ^The  only  method  of  procuring  this  salt  is  by 
mixing  dry  carbonic  acid  over  mercury  with  twice  its  volume  of  ammoniacai 
.  gas.  it  is  a  dry  white  volatile  powder  of  an  ammoniacai  odour,  and  alkaline 
reaction. 

Bicarbonate  of  Ammonia.—Thta  salt  was  formed  by  BerthoUet  by  trans, 
mitting  a  current  of  carbonic  acid  gas  through  a  solution  of  the  common 
carbonate  of  ammonia  of  tlic  shops.  On  evaporating  the  liquid  by  a  gentle 
heat,  the  bicarbonate  is  deposited  in  small  six-sided  prisms,  which  have  do 
smell,  and  very  little  taste :  their  primary  form,  according  to  Mr.  Miller  of 
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Cambridge,  is  a  right  rhombie  prism.  BerthoUet  aBcertained  that  it  OGDtaiiif 
twice  as  much  acid  as  the  carbonate. 

Sesguiearhonaie  of  Ammonia^ — ^The  common  carbonate  of  ammonia  of  the 
shops,  Suh-earbonas  AmmonuB  of  the  Pharmacopoeia,  is  different  from  both 
these  compounds.  It  is  prepared  by  heating  a  mixture  of  one  part  of  hydro- 
chlorate  (^ammonia  with  one  part  and  a  hdf  of  carbonate  of  Imie,  carefully 
dried.  Double  decomposition  ensues  during  the  process :  chloride  of  calcium 
remains  in  the  retort,  and  hydrated  seaquicarbonate  of  ammonia  is  sublimed. 
The  carbonic  acid  and  ammonia  are,  indeed,  in  proper  proportion  in  the 
mixture  for  ibrminflr  the  real  carbonate ;  but  from  tbe  heat  employed  in  the 
sublimation,  part  of  the  ammpnia  is  disengaged  in  a  free  state. 

The  salt  thus  formed  consists,  according  to  the  analysis  of  Phillips,  Ure, 
and  Thomson,  of  34^  parts  or  two  eq.  of  ammonia,  66i36  parts  or  tnree  eq. 
of  carbonic  acid,  and  18  parts  or  two  eq.  of  water.  When  recently  prepared, 
it  is  hard,  compact,  translucent,  of  a  crystalline  texture,  and  pungent  am- 
moniacal  odour ;  but  if  exposed  to  the  air,  it  loses  weight  rapidly  from  the 
escape  of  pure  ammonia,  and  becomes  an  opaque  brittle  mass,  which  is  the 
bicarbonate. 

Carbonate  of  Baryta  occurs  abundantly  in  the  lead  mines  of  the  north  of 
England,  where  it  was  discovered  by  Dr.  Withering,  and  has  hence  received 
the  name  of  WUherite.  It  may  be  prepared  by  way  of  double  decomposition 
by  mixing  a  soluble  salt  of  baryta  with  any  of  the  alkaline  carbonates  or 
bicarbonates.  It  is  anhydrous,  exceedingly  insoluble  in  distilled  water,  re- 
quiring 4300  times  its  weight  of  water  at  60®,  and  2300  of  boiling  water  for 
solution ;  but  when  recenS^  precipitated,  it  is  dissolved  much  more  freely 
by  a  solution  of  carbonic  acid.    It  is  highly  poisonous. 

Carbonate  of  Strontia,  which  occurs  native  at  Strontian  in  Argvleshire, 
and  is  known  by  the  name  of  Strontianite^  may  be  prepared  in  the  same 
manner  as  carbonate  of  baryta.  It  is  anhydrous,  and  very  insoluble  in  pure 
water,  but  is  dissolved  by  an  excess  of  carbonic  acid. 

Carbonate  of  lAme* — ^Thb  salt  is  a  very  abundant  natural  production,  and 
occurs  under  a  great  variety  of  forms,  such  as  common  limestone,  chalk, 
marble,  and  Iceland  spar,  and  in  regular  anhydrous  crystals,  the  density  of 
which  is  2.7.  It  may  also  be  formed  by  precipitation.  Though  sparingly 
soluble  in  pure  water,  it  b  dissolved  by  carbonic  acid  in  excess ;  and  hence 
the  spring-water  of  limestone  districts  always  contains  carbonate  of  limo, 
which  is  deposited  when  the  water  is  boiled. 

Daniell  noticed  that  an  aqueous  solution  of  sugar  and  lime  deposited  crys- 
tallized carbonate  of  lime  by  exposure  to  the  air.  Gay-Lussac  has  proved 
that  the  su^ar  merely  acts  as  a  solvent,  presenting  lime  in  a  favourable  state 
for  combimng  with  the  carbonic  acid  of  the  atmosphere ;  and  that  all  the 
lime  is  deposited  in  acute  rhombohedrons,  which  contain  five  eq.  of  water  to 
one  eq.  of  carbonate  of  lime.  These  crystals  are  insoluble  and  remain  un- 
chanffed  in  cold  water ;  but  in  water  at  86<^,  or  in  air,  they  lose  their  com- 
bined  water,  and  fall  to  powder^  When  boiled  in  alcohol  the^  retain  (heir 
form,  but  lose  two  eq.  of  water  and  retain  three  eq.  in  combination.  (An.  de 
Ch.  et  de  Ph.  xlviii.  301.) 

Carbonate  of  Magneoia, — It  is  met  with  occasionally  in  small  acicular 
crystals,  and  in  a  pulverulent  earthy  state,  but  more  commonly  as  a  com- 
pact mineral  of  an  earthy  fracture  called  magnetite.  A  specimen  of  mag% 
nesite  from  the  Blast  Indies,  where  I  am  informed  it  is  abundant,  has  been 
analyzed  by  Dr.  Henry,  who  found  it  to  be  nearly  pure  anhydrous  carbonate 
of  magnesia :  it  is  of  a  snow-white  colour,  of  density  2.56,  and  so  hard  that 
it  strikes  fire  with  steeL  (An.  of  PhiL  xviL  252.)  It  is  obtained  in  minute 
transparent  hexagonal  prisms  with  three  eq.  of  water,  when  a  solution  of 
bicarbonate  of  magnesia  evaporates  spontaneously  in  an  open  vessel.  Tbe 
crystals  lose  their  water  and  become  opaque  by  a  very  gentle  heat,  and  even 
in  a  dry  air  at  60°.  By  cold  water  they  are  decompose,  yielding  a  soluble 
bicarbonate  and  an  insoluble  white  compound  of  hydrate  and  carbonate  of 
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maffneria; 

carbonic  ■< 


I ;  and  hot  water  prodaeea  the  fame  cfaanm  with  dnenj^ag^ment  of 
i  acid,  withoat  dissolving  any  magneata.  (Berzelina.) 
When  carbonate  of  potaaaa  ia  added  in  exoeaa  to  a  hot  aolntion  of  ralpbate 
of  maffnesia,  a  white  precipitate  falls,  which  after  being  well  washed  hmm 
been  tong  considered  as  pure  carbonate  of  roagneaia;  hot  Berzelina  has 
■hown  that  it  consists  of  the  following  ingredients: 

Ifagnesia  .     44.75        82.8   or  4  eq. 

Carbonic  acid    .     35.77        66.36  or  3  eq. 
Water  .     19.48        36      or  4  eq. 


100.00      185.16  or  leq.^ 


Probable  fomitila  i 
MgHi4.3BilgC. 


This  compound  is  said  to  require  2493  parts  of  cold,  and  9000  of  hoi  water 
ibr  solution.  It  is  freely  dissolved  by  a  solution  of  carbonic  acid,  bicarbo- 
nate of  magnesia  being  generated ;  but  on  allowing  the  solution  to  evapo- 
rate  spontaneously,  carbonic  acid  is  given  off,  and  crystals  of  the  hydrated 
carbonate  above  mentioned  are  obtained. 

Carbonate  of  Protoxide  of  /ron.— Carbonic  acid  does  not  form  a  definite 
eompound  with  peroxide  of  iron,  but  with  the  protoxide  it  constitutes  a  salt 
which  is  an  abundant  natural  production,  occurring  sometimes  massive,  and 
at  other  times  crystallized  in  rhombohedrons  or  hexagonal  prisma.  This 
protocarbonate  is  contained  also  in  most  of  the  chalybeate  mineral  water*, 
oeing  held  in  solution  by  free  carbonic  acid ;  and  it  may  be  formed  by  mix. 
tng  an  alkaline  carbonate  with  the  sulphate  of  protoxide  of  iron.  Whea 
prepared  by  precipitation,  it  attracts  oxygen  rapidly  from  the  atmoaphere, 
and  the  protoxide  of  iron,  passing  into  the  state  of  peroxide,  parta  with  car- 
bonic acid.  For  this  reason,  the  carbonate  of  iron  of  the  Pharmaoopmia  is 
of  a  red  colour,  and  consists  chiefly  of  the  peroxide. 

Diearbonate  of  Protoxide  of  Copper, — It  occurs  as  a  hydrate  in  the  beauti- 
fhl  green  mineral  called  malachite;  and  the  same  compound,  aa  a  green 
powder,  the  mineral  green  of  painters,  may  be  obtained  by  precipitation  from 
a  hot  solution  of  sulphate  of  protoxide  of  copper  by  carbonate  of  soda  or  po- 
taaaa. When  obtained  from  a  cold  solution,  it  falls  as  a  bulky  hydrate  of 
greenish-blue  colour,  which  contains  more  water  than  the  green  precipitate. 
By  careful  drying  its  water  may  be  expelled.  When  the  hydrate  is  boiled 
fi>r  a  long  time  in  water  it  loses  both  carbonic  acid  and  combined  water,  and 
the  colour  changes  to  brown.  The  rust  of  copper,  prepared  by  exposing 
metallic  copper  to  air  and  moisture,  is  a  hydrated  diearbonate. 

The  blue-coloured  mineral,  called  blue  copper  ore,  appears  to  be  a  hydrate 
and  carbonate  of  the  protoxide  of  copper,  and  consists,  according  to  the  ana- 
lysis of  Mr.  Phillips,  of  (Quarterly  Journal  of  Science,  iv.) 

Protoxide  of  copper        69.08        118.8    3  eq.  )     Probable  formula  is 

Carbonic  acid        .        25.46  44.24  2  eq.  > 

Water        .  5.46  9      leq.)     CuH+2CaC. 

100.00        171i24  1eq. 

The  blue  pigment  called  verditer^  prepared  by  decomposing  nitrate  of 
oxide  of  copper  with  chalk,  has  a  similar  composition.  (Phillips.) 

Carbonate  of  Protoxide  ef  Lead, — ^This  salt,  which  is  the  white  lead  or 
ceruse  of  painters,  occurs  native  in  white  prismatic  crystals  derived  from  a 
right  rhombic  prism,  the  sp.  gravity  of  which  is  6.72.  It  is  obtained  as  a 
white  pulverulent  precipitate  by  mixing  solutions  of  an  alkaline  carbonate 
with  acetate  of  protoxide  of  lead ;  and  it  is  prepared  as  an  article  of  com- 
merce  from  the  subacetate  by  a  current  of  carbonic  acid,  by  exposing  metal- 
lic lead  in  minute  division  to  air  and  mouture,  and  by  the  action  on  thin 
■beets  of  lead  of  the  vapour  of  vinegar,  by  which  the  metal  is  both  oxidiisd 
andconverted  into  a  carbonate. 

^bicarbonate  of  Peroxide  tf  Mercury, — ^When  a  sohition  of  the  nitrate  of 


HYDRO-SALTS.  467 

peroxide  of  mercury  is  deoomposed  by  carbonate  of  loday  an  ochre-yellow 
precipitate  falls,  which  Mr.  Phiilipe  finds  to  be  a  dicarbonate.  The  protoxide 
appears  to  form  no  compound  with  carbonic  acid;  for  when  a  nitrate  of  that 
oxide  is  decomposed  by  any  alkaline  carbonate,  the  precipitate  is  either  black 
at  first  or  speedily  becomes  so,  and  after  being  washed  is  quite  free  from 
carbonic  acid. 

Double  CarboTuUes. — One  of  the  most  remarkable  of  these  is  the  double 
carbonate  of  lime  and  magnesia,  which  constitutes  the  minerals  called  bitter- 
spar,  pearl-spar,  and  Dolomite.  The  two  former  occur  in  rhombohedrons  of 
nearly  the  same  dimensions  as  carbonate  of  lime.  The  latter  is  met  with  ia 
great  perfection  in  the  Alps,  and  there  usually  occurs  in  white  masses  of  a  gran- 
ular texture:  the  grains  often  cohere  loosely,  but  other  specimens  are  hard  and 
compact,  and  when  broken  present  the  crystalline  aspect  of  marble.  Its 
density  u  2.884.  Some  specimens  consist  of  the  two  constituent  carbonates 
in  th6  ratio  of  their  equivalents,  as  stated  in  the  table ;  but  the  ratio  of  the 
ingredients,  as  may  be  expected,  is  very  variable,  since  isomorphous  sub- 
stances crystallize  together  in  all  proportions.  Carbonate  of  protoxide  of 
manganese  is  often  associated  with  them.  The  rock  called  tnagnesianlime- 
sUmejnaj  be  viewed  as  an  impure  earthy  variety  of  Dolomite. 

The  double  carbonate  of  baryta  and  lime  constitutes  the  mineral  called 
boriio-calcUe,  which  Mr.  Children  found  to  contain  the  two  carbonates  in 
atomic  proportion. 

Bertbier  has  made  some  interesting  experiments  on  the  production  of 
double  carbonates  by  fusion.  Carbonate  of  soda,  when  fused  with  carbonate 
of  baryta,  strontia,  or  lime,  in  the  ratio  of  their  equivalents,  yields  uniform 
crystalline  compounds,  which  have  all  the  appearance  of  being  definite.  An 
equivalent  of  Dolomite  fuses  in  like  manner  with  four  equivalents  of  carbo- 
nate of  soda.  Five  parts  of  carbonate  of  potassa  and  four  of  carbonate  of 
soda,  corresponding  to  an  equivalent  of  each,  fuse  with  remarkable  fiicility ; 
and  this  mixture,  by  reason  of  its  fusibility,  maybe  advantageously  employ- 
ed in  the  analysis  of  earthy  minerals. 

Compounds  similar  to  the  foregoing  may  be  generated  by  heating  sulphate 
of  soda  with  carbonate  of  baryta,  strontia,  or  lime,  in  the  ratio  of  their  equiv- 
alents :  or  by  employing  the  sulphate  of  these  bases  and  carbonate  of  soda. 
In  like  manner  carbonate  of  soda  fuses  with  chloride  of  barium  or  calcium ; 
and  chloride  of  sodium  with  carbonate  of  baryta  or  lime.  (An.  de  Ch.  et  do 
Ph.  xxxviii.  246 


SECTION  II. 

CLASS  OF  SALTS.    ORDER  IL 

HYDRO.SALTS. 

In  this  section  are  included  those  salts  only,  the  acid  or  base  of  which  is 
a  compound  containing  hydrogen  as  one  of  its  elements.  For  reasons  al- 
ready assigned  (page  291)  I  have  already  described  all  those  salts  which 
were  formerly  called  muriates  or  hydroehhrates  of  metallic  oxides  as  chlorides 
of  metals,  considering  that  in  general  the  neutralizing  power  of  hydrochloric 
acid  is  not  due  to  its  direct  combination  with  an  oxide,  but  to  chlorine 
uniting  with  the  metal  itself.  The  same  remark  applies  to  the  hydriodie 
and  o&r  hydradds,  the  salts  of  which  are  consequently  reduced  to  a  small 
Bomber.  The  only  salts,  indeed,  which  are  included  in  this  section,  are 
compounds  of  the  hydracids  with  ammonia  and  phosphuretted  hydrogen. 
Some  of  the  compounds  which  might,  as  containing  an  hydracid,  be  compre- 
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bended  in  this  teelson,  mmj  with  giettter  pnfm^  be  pheed  in  the  fbnrtfa, 
p— ing  that  in  them  the  faydracid  acts  rather  ae  a  baae  or  efectro-poeitive  in- 
mdient  than  as  an  acid  or  electro-negatiye  ettbaCuioe.  Tliiedoamefbnctiaii, 
which  diemiiti  have  long  recognized  in  certun  metallic  ondea,  each  nm 
alumina  and  oxide  of  sine,  appears  to  be  perfiinned  etm  by  so  powerfbl  an 
add  as  the  hydrochloric.  Some  jndicioos  observatione  on  this  sobject  hare 
by  ProfeMor  Kane  of  DuUin.  (Dublin  Joomal  of  Scienoe,  L 


Age  \ 

fmmnnU  onitcs  wlth  flaoTide  of  boron,  bisnlpfanret  of  carbon,  and 
0ther  bi-elementary  compounds,  which  contain  neither  oxygen  nor  hydrogen, 
oonstitnting  saline  combinations,  which  are  included  in  thta  section,  and  to 
which,  considering  the  distinct  alkaline  character  of  ammonia,  the  ordinary 
nomencktore  of  salts  is  applicable. 

AMMONIACAL  SALTS. 

These  compounds,  like  the  ozy-salts  of  ammonia,  are  readily  reopgniaed 
by  the  addition  of  pore  potasn  or  lime,  when  the  odour  of  ammmiia  may  be 
peroeiTed.  Thoee  which  contain  a  Yobitile  acid  may  in  general  be  sublimed 
without  decomposition;  but  the  ammonia  is  expelled  1^  heat  from  those 
acids  which  are  much  more  fixed  than  itselC  The  most  important  of  these 
salts  are  thus  constituted :—  „    .       «, 

Names.  Base.  Acid.  EquiT.    FormulB. 

Hydiochlorato  of  ammonia  1715  1  eq.+  36^  1  eq.s  53.57  H»N+HCL 


Hydriodato  do. 
Hydrobromate  do. 

Hydrofluate  do.  .     . 
Hydrosulphate  do. 

Hydrocyanate  do.  .     . 
Hydrosuiphocyanate  do. 

Trifluoborate  do.  ... 

DifliM>borato  do.  .     . 

Fluoborate  do.     .  .     . 

Fluosilicate  do.    .  .     • 

Carbosnlpbate  do.  .     . 


17.15  1  eqH.127.3    leq.»  14445  H'N+HL 
17.15  leq4-  79.4    1  eq.«  9&55HsN+HBr. 
17.15  1  eq.+  19.68  1  eq.»  36.83  H>N+HF. 
17.15  leq.4-  17.1    leq.»  34.25  H«N+HSw 
17.15  1  eqJ-  27.39  1  eq.=i  44.54  H»N+HC«N. 
17.15  leq^-  59.59  leq.»  76.74  H»N4-HCyS». 
51.45  3  eq.-  -  66.94  1  eq.sl18.39  3H>N  +  BF». 
343    2eq.--  66.941eq.sl01.242H«N+BF». 
17.15  1  eq.-h  66.94  1  eq.s  8409  H8N+BF>. 
17.15  1  eq+  26.18  1  eq.^  43.33  H^N+SiF. 
17.15  1  eqH-  38.32  1  eq.s  55.47  HsN+CS>. 


HydroehUfrate  of  itmrnomo.— This  salt,  ndl  ammoniac  of  commerce,  was 
fiirmerly  imported  from  Eg^t,  where  it  is  procured  by  sublimation  from  the 
soot  of  earners  dung ;  but  it  is  now  manufkctured  in  Europe  by  several  pro- 
cesaes.  The  most  usual  is  to  decompose  sulphate  of  ammonia  by  the  chloride 
either  of  sodium  or  magnesium,  when  double  decomposition  ensues,  giTing 
rise  in  both  biases  to  hydrochlorate  of  ammonia,  and  to  sulphate  of  soda 
when  chloride  of  sodium  u  used,  and  to  sulphate  of  magnesia  when  chloride 
of  magnesium  is  employed.  The  sal  ammoniac  is  afterwards  obtained  in  a 
pure  state  by  sublimation.  The  method  now  generalljr  used  in  this  country 
for  obtaioing  sulphate  of  ammonia  is  to  decompose  with  sulphuric  acid  the 
hydrosulphate  and  hydrocyanate  of  ammotiia  which  is  collected  in  the  manu- 
&cture  of  coal-gas ;  but  it  may  also  be  procured  either  by  lixiviating  the 
soot  of  coal,  which  contains  sulphate  of  ammonia  in  considerable  quantity, 
or  by  digesting  with  gypsum  impure  carbonate  of  ammonia,  procuried  from 
the  destructive  distillation  of  bones  and  other  animal  substances,  so  as  to  form 
an  insoluUe  carbonate  of  lime  and  a  soluble  &ulphato  of  ammonia. 

Hydrochlorate  of  ammonia  has  a  pungent  saline  taste,  has  a  density  of 
1.45,  and  is  tough  and  difficult  to  be  pulverized.  It  is  soluble  in  alcohol  and 
water,  requiring  for  solution  three  times  ito  weight  of  water  at  60^,  and 
an  equal  weight  at  212^.  It  usually  crystallizes  fi^m  ite  sdution  in  ikathe> 
IT  crystals,  but  sometimes  in  cubes  or  octohedrons.  At  a  temperature  below 
tnat  of  ignition  it  sublimes  without  fusion  or  decomposition,  and  condenses  on 
eool  sumrai  as  an  anhydrous  salt,  which  absorbs  humidity  in  a  damp  atOKK 
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■phere,  bat  is  not  deliquescent    It  is  generated  by  the  direct  union  of  hy- 
drochloric acid  and  ammoniacal  ^ases,  which  unite  in  equal  Tolames. 

HydriodatB  of  Ammonia, — It  is  formed  as  a  white  powder  by  the  direct 
union  in  equal  measures  of  hydriodic  acid  and  ammoniacal  gases,  or  by  neu- 
tralizing a  solution  of  hydriodic  acid  with  ammonia,  and  evaporating.  It 
crystallizes  with  difficulty  in  anhydrous  cubes,  is  very  soluble  in  water,  and 
deliquesces  in  a  moist  atmosphere.  In  close  vessels  it  may  be  sublimed  with- 
out change ;  but  suffers  partial  decomposition  when  heated  in  the  open  air. 

When  a  concentrated  solution  of  Uiis  salt  is  digested  with  iodine,  a  brown 
solution  is  obtained,  the  nature  of  which  is  not  understood. 

Hydrobromate  of  Ammonia  is  a  white  anhydrous  salt  which  may  be  formed 
by  similar  processes  as  the  hydriodate.  It  is  soluble  in  water,  and  crystal- 
lizes by  evaporation  in  quadrilateral  prisms. 

Huarofluaie  of  Ammonia, — It  is  prepared  by  mixing  1  part  of  sal  am- 
monuic  with  2^  of  fluoride  of  sodium,  both  dry  and  in  fine  powder,  gently 
heating  the  mixture  in  a  platinum  vessel,  and  receiving  the  sublimed  salt  in  a 
second  platinum  vessel,  the  temperature  of  which  is  not  allowed  to  exceed  . 
212^.  Chloride  of  sodium  is  generated,  and  hydrofluate  of  ammonia  is  ob- 
tained in  small  anhydrous  prismatic  crystals,  which  may  be  preserved 
unchanged  in  Uie  air,  is  partly  soluble  in  alcohol,  and  dissolves  readily  in 
water.  At  an  elevated  temperature  it  fuses  before  subliming.  It  acts  power- 
fully on  glass  even  in  its  dry  state. 

When  this  salt  is  introduced  in  a  dry  state  into  ammoniacal  gas,  absorp- 
tion ensues,  and  the  resulting  salt  appears  to  be  a  dihydrofluate  of  ammonia. 
Bj  sublimation  it  loses  ammonia  and  becomes  neutral.  An  acid  salt,  appa- 
rently a  bihydrofluate,  is  obtained  by  evaporating  the  aqueous  solution  of 
the  neutral  hydrofluate,  ammonia  being  disengaged.  If  the  evaporation 
take  place  at  100°,  it  separates  in  crystalline  grains,  which  redden  litmus,  and 
deliquesce  rapidly  at  common  temperatures. 

H^drosulpnate  of  Ammonia, — ^This  salt,  also  called  hydrosulphur^t  of  sm- 
moma,  and  formerly  the  fuming  liquor  of  Boyle^  is  prepared  by  heating  a 
mixture  of  one  part  of  sulphur,  two  of  sal  ammoniac,  and  two  of  unslaked 
lime.  The  changes  which  ensue  have  been  explained  by  Gay-Lussac. 
The  volatile  products  are  ammonia  and  hydrosulphate  of  ammonia;  and 
the  fixed  residue  consists  of  sulphate  of  lime  with  chloride  and  sulphuret 
of  calcium.  The  hjrdrosulphuric  acid  is  formed  from  the  hydrocen  of 
hydrochloric  acid  uniting  with  sulphur,  and  the  oxygen  of  the  sulphuric 
acid  is  derived  from  decomposed  lime,  the  calcium  of  which  is  divided 
between  the  chlorine  of  the  hydrochloric  acid  and  sulphur.  Hydrosul- 
phate of  ammonia  may  also  be  formed  by  the  direct  union  of  its  con- 
stituent gases,  and  if  they  are  mixed  in  a  glass  globe  kept  cool  by  ice,  the 
salt  is  deposited  in  crystals.  It  is  much  u^  as  a  reagent,  and  for  this  pur- 
pose is  usually  prepared  by  saturating  a  solution  of  ammonia  with  hydro- 
sulphuric  acid  gas. 

Hydroeyanate  of  Ammonia, — ^This  salt  is  a  constant  product  of  the  de- 
structive distillation  of  animal  substances,  and  may  be  obtained  in  a  pure  state 
by  saturating  hydrocyanic  acid  with  ammonia.  It  is  extremely  volatile,  and 
crystallizes  when  condensed  in  cubic  crystals.  It  is  very  hable  to  spon- 
taneous decomposition,  when  it  becomes  black,  from  the  separation  of  a 
carbonaceous  mass  which  retains  nitrogen. 

SulphocyanaU  of  Ammonia  is  prepared  by  neutralizing  hydrosulphocyanic 
acid  with  ammonia,  or  heating  a  mixture  of  dry  sulphocyanuret  of  potassium 
and  sal  ammoniac.  It  is  very  soluble,  deliquesces  in  the  air,  and  crystallizes 
with  difficulty. 

Fluohorateg  of  ilmmonia.— Fluoboric  acid  combines  with  three  times  and 
with  twice  its  volume  of  ammoniacal  gas,  forming  a  trifluoborate  and  difluo- 
borate,  which  are  liquid  at  common  temperatures.  The  neutral  fluoborate 
is  formed  of  equal  volumes  of  its  constituent  gases,  and  is  a  white  volatile 
salt,  soluble  in  water,  but  which  cannot  be  recovered  from  the  solution ;  for 
on  evaporation,  a  subfluoborate  of  ammonia  is  expelled,  and  boracic  acid  is 
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left  in  lolution.  The  neatral  fluofionLte  is  fornMd  by  hestiag  gfeaQy  dther 
of  the  rabfluobonites. 

FlnoHlieate  of  Ammonia. — ^Floosilicic  acid  and  amraoniacal  gfases  omte 
by  Tolame  in  the  ratio  of  1  to  2,  forming  a  white  volatile  salt  whidi  is  de- 
composed by  water. 

Carbotulphate  of  Ammonia, — ^When  dry  aramoniaeal  gaa  is  broofffat  info 
contact  with  bisalphoret  of  carbon,  direct  combination  ensues,  and  Siere  re- 
sults an  uncrystalline  solid  mass  of  a  straw-yellow  colour,  which  may  be 
sublimed  without  decomposition.  By  contact  with  water,  or  ezpoeure  to 
a  mout  air,  an  interchange  ensues  between  the  elements  of  water  and  bt- 
sulphuret  of  carbon,  giving  rise  to  hydrosulphuric  and  carbonic  acids ;  and 
a  sulphur-salt  of  an  orange-yellow  colour,  the  hydrocarbosolphuret  of  am- 
monia,*  is  generated. 

Araenio-persulphate  of  Ammonia, — Beraelins  states  that  when  dry  persnl- 
phoret  of  arsenic  is  exposed  to  ammoniacal  gas,  absorption  ensues,  and  a 
yellowish.whlte  compound  results;  but  the  dementi  are  united  by  a  feeble 
attraction,  and  on  mere  exposure  to  the  air,  the  ammonia  escapes. 

SALTS  OF  PHOSPHURETTED  HYDROGEN. 

Rose  has  lately  called  the  attention  of  chemists  to  the  close  analogy  which 
exists  in  the  composition  of  ammonia  and  phosphuretted  hydrogen,  and  in 
some  of  their  properties.  The  latter  is  a  feeble  alkaline  base,  which  com- 
bines witli  some  of  the  hydracids.  The  salt  best  known  is  the  hydriodate 
of  phosphuretted  hydrogen,  first  noticed  by  Gay-Lussac,  which  b  termed  of 
1273  parts  or  one  eq.  of  acid  and  34.4  parts  or  one  eq.  of  base,  and  citb- 
tallizes  in  cubes.  The  crystals  are  permanent  while  quite  dry ;  but  with 
water,  or  the  moisture  of  the  air,  they  yield  a  solution  of  hydriodie  acid, 
and  phosphuretted  hydrogen  gas  escapes.  These  salts  are  all  decomposed  by 
water,  and  exist  only  in  the  anhydrous  state. 


SECTION  III. 

CLASS  OF  SALTS.    ORDER  III. 

SULPHUR.SALTS. 

The  compounds  described  in  this  section  are  double  sulphnrets,  just  as 
the  oxy-salts  in  general  are  double  oxides.  Their  resemblance  in  oompou^ 
tion  to  salts  is  perfect-  The  principal  stUphur-baaeo  are  the  protosolpbarets 
of  potassium,  sodium,  lithium,  barium,  strontium,  calcium,  and  ma^ne- 
siura,  and  hydrosulphate  of  ammonia ;  and  the  principal  milpkur-acido  are 
the  sulphurets  of  arsenic,  antimony,  tungsten,  molybdenum,  tellarium,  tin, 
and  gold,  together  with  hydrosulphuric  acid,  hydrosulphocyanic  add,  bisol- 
phuret  of  carbon,  and  sulphuret  of  selenium.  The  sulphur-salfs  with  two 
metals  are  so  constituted,  that  if  the  sulphur  in  each  were  replaced  by  an 
equivalent  quantity  of  oxygen,  an  oxy-salt  would  result  The  analogy  be- 
tween oxy .salts  and  sulphur-salts  is  rendered  still  doeer  by  the  circumstance 
that  hydrosulphuric  and  hydrosulphocyanic  adds  have  the  characteristic 
properties  of  acidity,  and  unite  both  with  ammonia  and  with  sulphur-bases. 

*  It  is  not  very  clear  what  combination  Dr.  Turner  intends  by  the  name, 
hydro-carbosvlphuret  of  ammonia;  but  it  is  probable  that  he  means  to  desig- 
nate the  sulphur-salt  called  further  on,  carbo-tulphuret  of  hydrooulnkata  of 
'^^monia,    &e  jwgc  473.— JSd.  ^  r-         j 
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The  Bulphur-flalto  may  be  divided  into  families,  characterized  bj  oontain. 
ing  the  same  Biilphur<4Lcid.  For  the  purpose  of  iDdicating  that  sQch  salt* 
are  double  sulphurots.  as  well  as  to  distinguish  them  rfXLdily  from  other 
kinds  of  salts,  I  shall  construct  the  generic  name  of  each  fiimily  from  the 
eulphur^cid  terminaled  with  sulphuret.  Thus  the  salts  which  contain 
persulphuret  of  arsenic  or  hydrosulphuric  acid  as  the  sulphur-acid  are  term- 
ed araenio-sulphurets  and  hydro-tulphureU  ;  and  a  salt  composed  of  each  oi 
these  sulphur-acids  with  sulphuret  of  potassium  is  termed  arsenio-sulfhurU 
and  kydro-sulphuret  of  sulphuret  of  potassium.  For  the  sake  of  brevity 
the  metal  of  tne  base  may  alone  be  expressed,  it  being  understood  that  the 
positive  metal  in  a  snlphur-salt  enters  as  a  protosulphuret  into  the  corn* 
pound.* 

HYDRO-SULPHURETS. 

The  sulphur-salts  contained  in  this  group  have  hydro-sulphuric  acid  for 
their  electro-negative  ingredient  Most  of  them  which  have  been  studied 
are  soluble  in  water,  and  may  be  obtained  in  crystals  by  evaporation.  They 
are  decomposed  by  exposure  to  the  air,  yielding  at  first  bisulphurets  of  the 
metal,  and  then  a  hyposulphite.  By  adds  the  hydrosulphuric  acid  is  ex- 
pelled with  efibrvescenoe.    They  are  thus  constituted : — 

Name.  Sulphur-base.    Sulphur-acid.       Equiv.      Formulie. 

^to^sTum^^'^f  ^S^-25  leq.+m  1  eq.=  72.35  KS+HS. 

Ditto  sodium       !  39.4  1  eq.+17.1  1  eq.=  56.5  NaS+HS. 

Ditto  lithium  26.1  1  eq.  +  17.1  1  eq.=  435  LS+HS. 

Ditto  barium       .  84.8  lcq.+  17.1  1  eq.=101.9  BaS  +  HS. 

Ditto  strontium  .  59.9  leq.  +  17.1  1  eq.=s  77.  SrS  +  HS. 

Ditto  calcium      .  36.6  leq.+  17.1  1  eq.=  53.7  CaS+HS. 

Ditto  magnesium  28.8  leq.+  17.1  1  eq.=  450)  MgS+HS. 

HydroMl^turet  of  PotoMtum. — ^This  salt  is  obtained  in  the  anhydrous 
state  by  introducing  anhydrous  carbonate  of  potassa  into  a  tubulated  retort, 
transmitting  through  it  a  current  of  hydrosulphuric  acid  gas,  and  heating 
the  salt  to  low  redness.  The  mass  becomes  black,  fuses,  and  boils  from  the 
escape  of  carbonic  acid  gas  and  aqueous  vapour ;  and  after  the  ebullition 
has  ceased,  the  gas  is  continued  to  be  transmitted,  until  the  retort  is  quite 
cold.  The  resulting  anhydrous  hydro-sulphuret  of  potassium,  though  black 
while  in  fusion,  is  white  when  cold,  and  of  a  crystalline  texture ;  but  if  air 
had  not  been  perfectly  excluded,  it  has  a  yellow  tint,  owing  to  tlie  presence 
of  some  bisulphurct  of  potassium. 

The  same  salt  is  prepared  in  the  moist  way  by  introducing  a  solution  of 
pure  potassa,  free  from  carbonic  acid,  into  a  tubulated  retort,  expelling  at- 
mospheric air  by  a  current  of  hydrogen  gas,  and  then  saturating  the  solu- 
tion with  hydrosulphuric  acid.  At  first  the  potassa,  as  in  the  rormer  pro- 
cess, interchanges  elements  with  the  gas,  yielding  water  and  protosulphuret 


*  Dr.  Hare  has  adopted  an  inffenio^8  plan  for  naming  the  sulphur-salts, 
founded  on  the  nomenclature  of  the  oxy-salts.  Considering  the  electro- 
negative sulphuret  in  the  sulphur-salts  as  performing  the  part  of  an  acid,  he 
cafis  it  an  acid,  and  forms  its  name  by  changing  the  termination  of  the  ele- 
ment with  which  the  sulphur  is  combined  into  ic,  and  prefixing  aulph  or 
gulpho.  Thus,  taking  the  examples  given  by  Dr.  Turner,  he  cdls  persul- 
phuret  of  arsenic,  nuphar$enie  acidf  and  its  sulphur-salts,  9ulpharBeniate9 ; 
while  he  denominates  hydrosulphuric  acid,  mlpkydric  acid,  and  its  salts 
9ulpkydrate9,  In  indicating  the  sulphur-base.  Dr.  Bare  has  adopted  the 
same  plan  which  Dr.  Turner  recommends  in  the  text,  of  expressing  the 
metal  only  of  the  sulphur-base,  the  metal  being  understood  to  be  in  the 
■tat9  of  protosu]phuretr^£<f. 
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of  poteninm ;  after  which  the  protosolphuret  tinitet  with  hydrosulplniric 
acid.  The  solation  ahould  be  evaporated  in  the  retort  to  the  conaiatenoe  of 
ayrap,  a  current  of  hydrogren  gnM  being  transmitted  through  the  apparatos 
the  whole  time ;  and  on  cooling  the  s^t  cryatallizes  in  large  four  or  sis- 
aided  priams,  which  are  colourleaa  if  air  was  perfectly  excluded.  The  crys- 
tals contain  water  of  crystallization,  have  an  acrid,  alkaline,  and  bitter  taste, 
deliquesce  in  open  vessels,  and  dissolve  freely  in  water  and  aloohoL  On 
exposure  to  the  air  it  acquirea  a  yellow  colour,  from  the  formation  of  bisul- 
phuret  of  potassium. 

Hydro^ulphuret  of  Sodium, — It  is  prepared  on  the  same  principles  aa  the 
former  salt,  and  yields  by  evaporation  colourless  crystals.  When  a  hot  con- 
centrated aolution  is  mixed  with  a  solution  of  hydrate  of  soda  also  oonoen. 
trated,  the  mixture  on  cooling  deposites  four-sided  prisms,  which  are  proto- 
sulphuret  of  sodium  with  water  of  crystallization.  The  interchanfe  of 
elements  is  such  that 

1  eq.  hydrosulph'irpt  and  1  eq.  soda    S     3  pq  sulpharet  and  1  eq.  water. 
(Na+S)  +  (H+S)       Na  +  0  -2       2(Na+S)  H+O, 

Hydro-mtlphuret  of  Lithium  may  be  prepared  in  the  aame  way  aa  the  two 
former  salta,  and  ia  leA  by  evaporation  aa  a  cryatalline  aolid.  When  heated 
in  close  veaaeb  it  parta  with  its  water  of  cryataiUntion,  and  like  the  two 
former  aalts  rctaina  its  acid  even  at  a  red  heat 

Hydro-tulphuret  of  Barium. — It  is  prepared  by  the  action  of  hydroeul. 
phuric  acid  on  a  aolution  of  baryta  with  the  prccautiona  already  mentioned 
for  excluding  atmospheric  air,  and  crystallizea  by  eyaporation  in  foor-uded 
prisms,  which  are  very  soluble  in  water,  but  dissolve  sparingly  in  alcohoL 
The  crystals  part  with  their  water  of  crystallization  when  heated,  and  at  a 
commencing  red  heat  give  out  bydrosulphuric  acid,  leaving  pure  sulphnzet 
of  barium. 

HydrO'Bulphuret  of  Strontium  is  prepared  like  the  fornaer  salt,  and  crys- 
tallizea in  large  radiated  prisms,  which  when  quite  dry  may  be  kept  several 
daya  exposed  to  the  air  without  change.  When  heated  it  losea  its  water 
and  acid,  and  protoaulphuret  of  atrontium  as  a  white  powder  is  left 

Hydro-9ulphuret  of  Calcium  is  formed  in  the  same  manner  as  the  pre- 
ceding salts ;  but  it  ezbts  only  in  solution ;  for  on  attempting  to  crystaUize 
by  evaporation,  bydrosulphuric  acid  ia  driven  of!^  and  the  sulphuret  of  cal- 
cium  in  prisms  of  a  ailky  lustre  is  deposited.  The  hydro-sulphuret  of  mag- 
nesium likewise  exists  only  in  solution. 

HYDRO-SULPHOCYANURETS. 

The  acid  of  these  salts  is  hydrosulphocyanic  acid.  The  only  ones  yet 
known  are  those  of  sulphuret  of  potasaium  and  hydrosulphat^  of  ammonia, 
which  are  thus  constituted : — 

Names.      Sulphur-base.    Sulphur-aeid.    Equiv.  Forrauls. 

Hydro-sulpho-  ) 

cyan,  of  po-  >  55J25  1  eq.4.59.59  1  eq.sI14.S4  KS+HCySs. 

tassium         ) 
Hydro-sulpho-  "^ 

Slphato  [  3^  1  eq-+59Ji9  1  eq«  93.84  (H3N+H8)+HCy8.. 
of  ammonia  ) 

Hydro-sulphocyanuret  of  Potassium. — ^Zeise  prepares  this  salt  by  decern., 
posing  with  pure  potassa  the  corresponding  ammoniacal  salt,  and  evapo- 
rating in  vacuo  along  with  sulphuric  acid,  which  unites  both  with  its  water 
and  tree  ammonia.  The  residue  is  a  white  crystalline  salt,  soluble  both  in 
water  and  alcohol. 

Hydro-sulphoeyanurtt  of  Hydrosulpkate  of  Ammonia. — It  ia  prepared,  ac- 
eording  to  Zeise,  by  saturating  with  ammoniacal  gas  100  measures  of  alco- 
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hol  at  a  temperature  of  50°,  diluting  with  50  measures  of  alcohol,  and  add. 
ing  16  measures  of  bisulphuret  of  carbon.  In  about  half  an  hour  a  deposite 
of  carbo-sulphuret  of  hydrosulphate  of  ammonia  ensues,  which  is  separated 
by  filtration  through  linen,  and  the  clear  liquor  is  received  in  a  flask,  tightly 
corked,  and  exposed  for  10  hours  to  a  temperature  of  60^.  It  is  then  ex- 
posed for  24  hours  to  a  cold  of  3:2^,  during  which  the  hydro-sulphocyanuret , 
separates  in  long  brilliant  crystals  of  a  lemon-yellow  colour.  The  crystals 
are  first  washed  with  cold  alcohol  and  then  with  ether,  and  dried  on  bibu- 
lous paper,  and  in  vacuo.  They  may  be  preserved  in  a  dry  state,  but  de- 
compose readily  when  moist,  and  are  very  soluble  in  water. 

CARBO-SULPHURETS. 

The  acid  of  these  sulphur-salts  is  bisulphuret  of  carbon ;  and  the  salts 
themselves  are  thus  constituted : — 

Names.      Sulphur-base.      Sulphur-acid.    Equiv.        Formule. 

^^'^^tesMum*  \  ^^'^  ^  eq.+38.32  1  eq«  93.57  KS+CSs. 

Ditto  sodium  39.4  1  eq.+ 38.32  1  eq.=  77.72  NaS  +  CS«. 

Ditto  lithium         36.1  1  eq.4-38.32  I  eq.=  64.42  LS4.CS3. 
Ditto  hydrosul-  i 

phate  of  am- >  34^5  1  eq.  + 38.32  1  cq.r=  72.57  (H3N-|-HS)+CS». 

monia  ^ 

Ditto  barium  84.8  1  eq.  4. 38.32  1  eq.=123.12  BaS^-CS^. 

Ditto  strontium      59.9  1  eq.  4- 38.-32  1  eq.^  98.22  SrS-fCS*. 

Ditto  calcium         36.6  I  eq.  4. 38.32  1  cq.=:  74.92  CaSJfSCS. 

Ditto  magnesium  28.8  I  eq.  4- 38.32  1  eq.==  67.12  MgS4-CS2. 

Carbo-^pJntret  of  Po(as«nim.— On  agitating  bisulphuret  of  carbon  with  a 
strong  alcoholic  solution  of  protosulphuret  of  potassium,  the  liquid  when  set 
at  rest  separates  into  three  layers,  the  lowest  of  which  is  carbo-sulphuret  of 
potassium,  and  is  of  the  consistence  of  syrup.  Another  process  is  to  digest 
bisulphuret  of  carbon  at  86^  in  a  corked  bottle  full  of  a  strong  aqueous  solu- 
tion of  protosulphuret  o£  potassium,  until  the  latter  is  saturated.  A  concen- 
trated solution  of  this  salt  is  of  a  deep  orange,  almost  red,  colour;  and  when 
evaporated  at  86°  to  the  consistence  of  syrup,  a  deliquescent  yellow  crystal, 
line  salt  is  deposited,  which  is  sparingly  soluble  in  alcohol.  On  heating  it 
to  150°  it  gives  off  water  of  crystallization ;  and  when  more  strongly  heated 
it  is  resolved  into  torsulphuret  of  potassium  and  charcoal. 

Carbo-sulphuret  of  Sodium. — It  is  prepared  like  the  former  salt,  and  sepa- 
rates in  yellow  crystals  from  a  very  concentrated  solution.  It  is  deliques- 
cent,  and  dissolves  readily  in  alcohol  as  well  as  water. 

Carbo-$ulphuret  of  Lithium  resembles  the  preceding  salt,  and  is  very  so- 
luble in  water  and  alcohol. 

Carbo-sulphuret  of  Hydrosulphate  of  Ammonia, — ^Zeue  prepares  this  salt 
by  filling  a  bottle  with  ten  measures  of  nearly  absolute  idcohol  saturated 
with  ammoniacal  gas  and  one  measure  of  bisulphuret  of  carbon,  and  insert- 
ing a  tight  cork.  As  soon  as  the  liquid  has  acquired  a  yellowish-brown  co- 
lour, the  bottle  is  plunged  into  ice-cold  water,  when  the  carbo-sulphuret  is 
deposited  either  in  yellow  penniform  crystals  or  as  a  crystalline  powder. 
The  whole  is  thrown  upon  a  linen  filter,  and  the  salt  afler  being  washed, 
first  with  absolute  alcohol  and  then  with  ether,  is  dried  by  pressure  within 
fokis  of  bibulous  paper.  This  salt  is  very  volatile,  passing  off  entirely  at 
common  temperatures,  and  can  only  be  preserved  in  well-corked  bottles. 
Exposed  to  the  air  it  absorbs  humidity  and  acquires  a  red  colour.  Its  solu- 
tion may  be  kept  unchanged  in  bottles  filled  with  it  and  tightly  cork^. 

The  carbo-sulphurcts  of  barium,  strontium,  and  calcium,  may  be  obtained 
by  acting  on  bisulphuret  of  carbon  with  a  solution  of  the  protosulphuiets  of 
those  metals.  The  resulting  solutions  are  of  an  orange  or  brown  odour, 
and  the  salts  deposited  by  evaporation  are  of  a  citron-yeUow  when  quite  dry, 
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The  ctrbo-sulphuret  of  bsrium  is  of  sparing  solubility.  The  carbo-sulphnrel 
of  majraeslam  is  best  prepared  by  adding  sulphate  of  magnesia  to  a  sola- 
lion  of  carbo-sulphuret  of  barium.  Berzelius  has  also  prepared  several  car- 
bo-Bulphurets  of  the  metals  of  the  second  class. 

ARSENIO-SULPHURETS. 

Berzelius  6nds  that  each  of  the  three  sulphurets  of  arsenic  (page  358}  is 
capable  of  acting  as  a  sulphur-acid,  giving  rise  to  three  distinct  funilies  of 
sulphor-salts,  distingaishable  by  the  terms  artenio-pmrtulphureis^  artenio- 
aetquiBulphureU,  and  araenuhprototulphurets. 

Persulphuret  of  arsenic  is  a  very  powerful  sulphur-acid,  violently  dis- 
placing hydrosulphurlc  acid  from  its  combinations  with  sulphur-bases,  even 
at  common  temperatures ;  and  when  digested  with  earthy  or  alkaline  carbo- 
nates, it  expels  carbonic  acid.  The  salts  of  this  sulphur-acid  may  be  pre- 
pared by  several  methods  :» 

1.  By  digesting  the  persulphuret  of  arsenic  in  a  solution  of  a  sulphar- 
base,  such  as  a  sulphuret  of  potassium  or  sodium,  until  it  is  saturated.  The 
resulting  soluble  arsenio-persulphuret  may  be  employed  to  prepare  insolnUe 
salts  of  the  same  sulphur-acid  by  means  of  double  decomposition.  If  a  per- 
sulphuret of  potassium  is  used,  sulphur  is  deposited. 

2.  By  decomposing  a  hydrosulphuret  of  a  sulphur-base  with  persulphuret 
of  arsenic,  in  which  case  hydrosulphurlc  gas  is  disengaged  with  effierves- 
cence. 

3.  By  decomposing  a  solution  of  an  arseniate  by  means  of  hydrosulphoric 
acid  or  hydrosulphate  of  ammonia. 

4.  By  dissolving  persulphuret  of  arsenic  in  a  solution  of  canstic  alkali, 
such  as  potassa ;  when  an  interchange  of  elements  between  portions  of  the 
alkali  and  persulphuret  ensues,  whereby  arsenic  acid  and  protoeulphuret  of 
potassium  are  generated.    In  this  case 

1  eq.  persulphuret  &,  5  eq.  potassa  ^  1  eq.  arsenic  acid  &;5  eq.  protosulpharet. 
2As^-5S  5CK+0)    -^         2A8.f50  5(K.fS). 

Two  salts  are  thus  generated  and  coexist  in  the  solution,  namely,  arseniate 
of  potassa  and  arsenio-persulphuret  of  potassium.  Similar  chanres  invaria- 
bly  occur  when  sesquisulphuret  of  arsenic,  sesquisulphuret  of  antimony,  and 
other  Bulphur-acids  are  boiled  with  alkaline  solutions :  an  oxy-salt,  the  acid 
of  which  is  formed  of  oxygen  and  the  electranegative  metal,  is  always  gene- 
rated ;  and  this  salt,  if  soluble  in  water,  remains  together  with  the  sulphur- 
salt  in  solution.  An  alkaline  carbonate  may  be  substituted  for  a  pure  alkali, 
but  then  carbonic  acid  is  expelled.  These  principles  are  concerned  in  the 
production  of  kermes,  as  already  explained  (page  378). 

5.  The  last  method  which  requires  mention,  is  by  exposing  a  mixture  of 
persulphuret  of  arsenic  and  an  alkaline  carbonate  to  a  red  heat  in  a  covered 
vessel.  Carbonic  acid  gas  is  disengaged ;  and  an  interchange  of  elements, 
similar  to  that  just  explained,  takes  plaee  between  a  portion  of  the  alkali  and 
the  sulphuret  The  fused  mass,  accordingly,  contains  an  arseniate  of  the 
alkali,  as  well  as  sulphur-salt  This  tendency  to  the  formation  of  a  double 
sulphuret  is  the  reason  why,  in  decomposing  orpiment  by  black  flux,  the 
whole  of  the  arsenic  is  never  sublimed  ;  a  part  is  uniformly  retained  in  the 
form  of  a  sulphur-suit,  the  arsenio-sesquisulphuret  of  sulphuret  of  potassium. 

Most  of  the  arsenio-persulphorets  of  the  second  class  of  metals  are  insolu- 
ble ;  but  those  of  the  metals  of  the  alkalies  and  alkaline  earths  are  very  so- 
luble in  water,  have  a  Icmon-yellow  colour  in  the  anhydrous  state,  and  are 
colourless  when  combined  with  water  of  crystallization  or  in  solution. 
When  exposed  to  heat  in  close  vessels  they  give  off  sulphur,  and  an  arsenio- 
sesquisnlphuret  is  generated.  Ii>  the  solid  state  they  are  very  permanent  in 
the  air,  and  even  m  solution  oxidation  takes  place  with  great  slowness. 
When  decomposed  by  an  acid,  persulphuret  of  arsenic  subsides,  hydrosnl- 
^  phuric  acid  gas  escapes,  and  a  salt  of  tlie  alkali  is  generated.    Some  che- 
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nuBtfl  may  doubt  the  possibility  of  the  araenio-persulpburets  dissolving  as 
such  in  water :  they  may  consider  the  arsenic,  and  the  metal  of  the  sui- 
phur-baae  to  be  united  with  oxygen,  and  all  the  sulphur  with  hydrogen ;  but 
this  supposition,  if  followed  out,  lead»  into  such  complex  and  improbable 
modes  of  combination,  that  I  see  no  alternative  but  implicitly  to  admit  the 
views  here  adopted. 

The  following  table  exhibits  the  composition  of  the  principal  arsenio- 
persulphurets : — 

Names.         Sulph.-base.    Sulph.-acid.  Equiv. 

Triarsenio-persulph.  >  ^g^^^    3      +155.9 
of  potassium  ( 

2eq.+155.9 

leq.+ 155.9 

3  eq.+155.9 


I  eq.=:321.65 

1  eq.=266.4 
1  eq.=211.15 

1  eq.=274.1 


Diarsenio-peraulph.do.  110.5 
Arsenio-persulph.  do.     55J35 
Triarsenio-persulph.  ^  1  iqq 

of  sodium     .  \ 

Do.    in  crystals  with  270  or  30  eq.  of  water  =544.1 
Diarsenio-persulph-do.   78.8      2  eq.+  155.9     1  eq.= 234.7 
Arsenio-persulpb.  do.     39.4      1  eq.-}- 155.9 
Triarsenio-persulph.  i 

of  ^ydrosulphate  >  102.75    3  eq.l+55.9 

of  ammonia  S 


Formulte. 
3KS4-AseS«. 

2KS4-As«S*. 

KS+As'S*. 

3NaS+AsAS». 


1  eq.= 195.3 


2NaS+A8sS«. 
NaS+As'^S*. 


leq.=258.65J3CH«N+-flS) 


Diarsenio-persnlph.do.    68.5     2  eq-|- 155.9    1  eq.: 
Arsenio-persulph.  do.     34.25    1  eq.4- 155.9     1  eq.: 


+As  8». 

>  2(H8N4-HS) 
}      +As2S». 


^224*4 


Arsenio-permlphureta  of  Potasnum. — The  diarsenio-persulphuret  is  best 
obtained  by  the  action  of  hydrosulphuric  acid  gas  on  the  diarseniate  of  po- 
tassa,  and  yields  a  colourless  solution.  By  evaporation  in  vacuo  it  is  reduced 
to  a  yellowish  viscid  mass  which  dries  imperfectly,  but,  when  exposed  for 
some  time  to  the  open  air,  at  length  becomes  a  crystalline  mass  of  a  lemon, 
yellow  colour,  in  which  rhomboidal  tables  are  perceptible.  When  this  salt 
IS  mixed  with  alcohol,  it  is  resolved  into  the  triarscnio-persulphuret,  which 
is  insoluble  in  the  alcohol,  and  the  arsenio-pcrsulphuret,  which  remains  in 
solution.  The  latter  has  not  been  obtained  in  the  solid  state.  The  former 
is  deliquescent  and  very  soluble  in  water :  but  when  its  solution  is  gently 
evaporated,  the  residue  has  a  radiated  crystalline  texture. 

Arsenio-permlphureU  of  Sodium. — ^The  diarsenio-persulphuret  is  formed 
like  the  corresponding  salt  of  potassium,  is  very  soluble  in  water,  and  by 
evaporation  yields  a  lomon-yellow  mass,  which  attracts  humidity  from  the 
air.  On  mixing  its  solution  with  alcohol  it  is  resolved  into  the  arsenio- 
persulphurct  and  triarsenio-persulph  nret  of  sodium,  and  the  latter  falls  in 
scaly  crystals  of  snowy  whiteness,  which  may  be  collected  on  a  filter,  wash- 
ed with  alcohol,  and  dried  without  change.  This  salt  by  solution  in  water 
and  evaporation  may  be  obtained  in  rhomboidal  tables  or  prisms  derived 
from  a  rhombic  prism.  The  crystals  undergo  no  change  in  the  air,  and 
contain  thirty  equivalents  of  water.  The  arsenio-persulphuret  has  been 
obtained  only  in  solution.  The  arsenio-permtlphureta  of  lithium  are  very 
analogous  to  those  of  sodium. 

Arsenio-persulphurets  of  hydrowlphate  of  Ammonia, — ^The  diarsenio- 
persulphuret  is  obtained  as  a  colourless  solution  by  decomposing  with 
hydrosulphuric  acid  gas  a  solution  of  diarseniate  of  ammonia.  By  sponta- 
neous evaporation  it  becomes  a  viscid  mass  of  a  reddish-yellow  colour,  and 
which  cannot  be  fully  dried  without  decomposition.  When  its  solution  is 
mixed  with  hydrosulphatc  of  ammonia  and  agitated  with  hot  alcohol,  the 
triarsenio-sulphurct  is  deposited  in  colourless  prisms,  which,  after  being  well 
washed  with  alcohol  and  dried  on  bibulous  paper,  undergo  no  change  by 
exposure  to  the  air.  The  arsenio-pcrsulphuret  remains  in  the  alcoholic 
solution. 

Analogous  salts  may  be  similarly  prepared  with  barium,  strontium,  '^ 
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oittin,  and  mat^nMium ;  and  iaaoluble  compoonda  of  the  Bame  nature  may 
be  formed  by  way  of  double  decompoaition  by  mixing  adlable  araenio-per- 
•ulphureta  with  oxy-salta  of  the  second  claaa  of  motala. 

The  nlta  in  which  seaquisulphuret  of  arsenic  acts  as  an  acid,  resemble 
those  of  the  persulphuret  both  in  their  general  characters  and  mode  of  for- 
mation.  Those  formed  with  the  protosulphuret  of  arsenic  cannot  be  made 
in  the  mobt  way  by  direct  union  of  their  ingredients;  but  when  sulutions 
of  the  arsenio-sesquisulphurets  ore  evaporated,  spontaneous  decompocitian 
takea  place,  the  salts  of  protosulphuret  of  arsenic  of  a  reddish-brown  colour 
subside,  while  arsenio-persulphurets  remain  in  solution. 

MOLYBDaSULPHURETS. 

The  electro-negative  ingredient  of  these  salts  is  the  tersulpharet  of 
molybdenum,  and  tlie  most  remarluiblo  of  them  is  the  molybdo-sulphuret  of 
potassium,  which  is  readily  formed  by  decomposing  with  hydronilpharic 
acid  gas  a  rather  strong^  solution  of  molybdate  o£  potassa.  If  no  iron  ia 
present,  the  liquid  acquires  a  beautiful  red  colour  like  the  solution  of  bi- 
chromate  of  potassa,  and  on  evaporation  prismatic  crystab  with  ibur  and 
eight  sides  are  deposited.  Berzelius  describes  this  compound  as  one  of  the 
meat  beautiful  which  chemistry  can  produce :  the  crystals,  by  transmitted 
light,  are  ruby-red,  and  their  surfaces,  while  moist  with  the  solution  which 
yielded  tfaem,  shine  like  the  wings  of  certain  insects  with  a  metallic  lustre 
of  a  rich  green  tint  The  crystals  are  anhydrous,  dissolve  readily  in  water, 
but  are  insoluble  in  alcohol  On  the  addition  of  sulphuric  or  any  of  the 
stronger  acids,  a  salt  of  potassa  is  generated  with  escape  of  hydrosulphuric 
acid,  and  precipitation  of  tcrsulphuret  of  molybdenum. 

Soluble  molybdo-sulphurets  of  sodium,  lithium,  and  hydrosulphate  of 
ammonia  of  a  red  colour,  may  be  obtained  by  a  process  similar  to  that  for 
preparing  the  preceding  compound.  The  composition  of  these  sails  is  aa 
follows  :— 


Names.      Sulphur-base.  Sulphnr^cid.    Elquiv. 


>39.4 
26.1 


leq.+96 
1  eq.+96 


1  eq.»  135.4 
1  eq,=122.1 


Formole. 
KS+MoS« 

NaS  +  MoS3 

LS+MoS« 


S(H«N+HS) 
}      +MoSt 


Moly 

sodium 
Molybdo-sulphuret 

ef  lithium 
Molybdo-sulphuret ' 

of  hydrosulphate  \  34.25    1  eq. + 96    1  eq.«=  130.25 

of  ammonia 

Similarly  constituted  soluble  salts  of  a  rod  or  orange  colour  may  be  ob- 
tained by  boiling  solutions  of  sulphuret  of  barium,  strontium,  and  calcium 
with  an  excess  of  tersulphuret  of  molybdenum.  The  insoluble  molybdo- 
sulphurcts  may  be  prepared  from  the  former  by  way  of  double  decompo- 
sition. 

ANTIMONIO-SULPHURETS. 

When  two  parts  of  carbonate  of  potassa  are  intimately  mixed  with  four 
of  sesquwulphuret  of  antimony  and  one  part  of  sulphur,  and  the  mixture  ia 
fused,  an  antimonio-persulphuret  of  potassium  is  generated.  On  digesting 
in  watsr,  a  subantimonio-pcrsulphuret  is  dissolved,  and  is  deposited  by  gen- 
tle evaporation  in  large  colourless  tetrahedrons,  which  become  yellow  on 
exposure  to  the  air.  The  salts  which  this  sulphur-acid  forms  with  other 
bsaes  have  not  been  examined. 

A  sulphur-salt  of  potassium,  in  which  ses^uisulphuret  of  antimony  is  the 
acid,  remains  in  solution  ader  the  kermes  is  deposited  (379),  and  may  be 
obtained  by  evaporation  in  vacuo  in  colourless  irregular  crystals  which  deli- 
quesce rapidly  in  the  air. 
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TUNGSTO-SULPHURETS. 


The  best  known  of  these  salts  is  that  of  potassiam,  in  which  tersulphnret 
of  tungsten  is  combined  with  protosulphuret  of  potassium.  It  is  formed 
when  a  solution  of  tungstate  of  potassa  is  decomposed  by  hydrosulphuric 
acid,  and  crystallizes  by  evaporation  in  flat  quadrilateral  prisms,  which  are 
anhydrous,  and  are  of  a  pale  red  colour.  It  dissolves  sparingly  in  alcohol, 
but  is  freely  soluble  in  water,  yielding  an  orange-coloured  solution.  When 
mixed  with  a  quantity  of  acid  insufficient  for  entire  decomposition,  it  forms 
a  bitungsto-sulphuret  of  a  brown  colour. 

The  tungsto-sulphuret  of  potassium  unites  with  tungfstate  of  potassa  as  a 
double  salt,  which  yields  a  yellow  solution,  and  crystallizes  in  rectangular 
tables  of  a  lemon-yellow  colour.  It  combines  also  with  nitrate  of  potassa, 
and  the  resulting  double  salt  crystallizes  in  large  transparent  crystids  of  a 
ruby-red  tint,  and  when  heated  detonates  like  gunpowder. 

The  tungsto-Rulphuret  of  sodium  is  prepared  from  tungstatb  of  soda  by 
hydrosulphuric  acid,  and  crystallizes  with  difficulty  in  irregular  crystals  of 
a  red  colour.  It  deliquesces  in  the  air,  and  is  soluble  in  water  and 
alcohol 
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CLASS  OF  SALTS.    ORDER  IV. 


HALOID  SALTS. 


In  this  section  are  included  substances  composed  like  the  preceding  salts 
of  two  bi-elementary  compounds,  one  or  both  of  which  are  analogous  in 
composition  to  sea-salt  The  principal  groups  consist  of  double  chlorides, 
double  iodides,  double  fluorides,  and  double  cyanurets.  In  these  the  haloid- 
bases  belong  usually  to  the  eleclro-positive  metals,  and  the  haloid-acids  to 
the  metals  which  are  electro-negative.  I  shall  apply  to  them  the  same  prin- 
ciple of  nomenclature  as  to  the  sulphur-salts.* 

*  Dr.  Hare  has  adopted  for  these  compounds  the  same  plan  of  nomenda^ 
ture  as  for  the  sulphur-salts. — Pee  note,  pa^e  471.  Viewing,  as  Dr.  Turner 
has  done,  the  double  haloid  salts  of  Berzclius  as  simple  salts,  consisting  of 
two  bi-elemcntary  compounds,  the  more  electro-negative  compound  acting 
the  part  of  an  acid,  the  other  of  a  base,  he  has  applied  to  the  former  the 
generic  appellation  of  acid,  and  named  the  salts  themselves  on  the  same  plan 
as  the  ozy-salts.  Accordingly,  ho  has  given  the  usual  acid  termination  to 
the  name  of  the  more  electro-positive  element  of  the  compound  acting  as 
the  acid,  considering  this  element  as  the  radical,  and  prefixes  to  it  syllables 
indicating  the  other  element  Where  oxygen  is  the  electro-negative  ele- 
ment  of  an  acid,  it  is  understood  to  be  present,  without  any  syllables  being 
prefixed  to  indicate  its  presence;  but  where  other  elements  replace  oxygen 
in  compounds  having  the  nature  of  ordinary  acids,  it  is  obviously  necessary 
to  indicate  the  replacing  element  Adopting  these  principles  of  nomencla- 
ture. Dr.  Hare  has  chlorohydrargy rates,  chloroaurates,  iodoplatinates,  bro- 
mohydrarg^ratcs,  fluohydrates,  fluoborates,  fluosilicates,  cyanoforrates,  &.C., 
corresponding  with  Dr.  Turner's  hydrargo-chlorides,  auro-chlorides,  platino- 
iodides,  hydrargo-bromides,  hydro-fluorides,  boro-finorides,  silico-fluorides, 
and  ferro-cyanurets,  SLC^^Ed, 
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HYDRARGOCHLORIDES. 

The  haloid-acid  of  this  family  is  bichloride  of  mercury,  which  reddens 
litmtu  paper,  and  loses  the  property  when  a  haloid-baae  is  present,  thus 
bearing  a  close  analogy  to  ordinary  acids.  Its  principal  salts  which  have 
been  examined  are  thus  constituted: — 

Names.  Basic  chloride.    Bichlor.  Mere.    Equiv.        Formols. 

DihydrargiMzhlo-  i 

ride  of  poCas-V  149.14    3  eq. +373.84'  1  eq.ai 431.98    SKCl+Hgas. 

■ium  \ 

Do*  in  rhombic  prisms  with  18  or  3  eq.  of  water&s  439.98 
Hydrargtschlo-     i 

ride  of  potas.^   74.57    1  eq.+ 373.84    1  eq.« 347.41    KCl+Hgas. 

siam  S 

Do.  in  acicular  crystals  with  18  or  3  eq.  of  waterM365.41 
fiihydrargo-chb-  i 

ndeofpota8.V    74.57    1  eq.4. 545.68    3  eq.« 630.35    KCl43Hgas. 

stum  ^ 

Do.  in  acicular  crystals  with  36  or  4  eq.  of  water i«656i25 

'^^fd^dT^hlm  }    ^^'^^    leq. +272.84    1  eq— 331.56    NaCI+HgCI*. 
Do.  in  crvsUls  with  36  or  4  eq.  of  water      r=367.56 

monia.  ) 

Do.  in  flat  rhombic  prisms  with  18  or  3  eq.  of  waters=397.98. 

The  preceding  salts,  except  the  last,  were  first  prepared  and  examined  by 
Bonsdorff  (An.  de  Ch.  ct  de  Ph.  xliv.  189) ;  and  they  are  obtained  by  mixing 
the  ingredients  in  the  ratio  for  combining,  and  setting  aside  the  solution  to 
crystalliie.  The  ammoniacal  salt  has  lon^  been  known  under  the  name  of 
mil  ^alemhroA,  BonsdorJBT  obtained  similar  compounds  with  the  chlorideB 
of  lithium,  barium,  strontium,  calcium,  magnesium,  manganese,  iron,  cobalt, 
nickel,  and  copper.  Those  of  lithium,  calcium,  magnesium,  and  zinc  are  de- 
liquescent. The  hydrargo-chlor  ides  of  iron  and  manganese  are  iaomorpbous, 
and  crystallises  in  rhombic  prisms.  Hydrochloric  acid  combines  with  b 
chloride  of  mercury,  and  yields  a  very  soluble  salt,  which  may  be  obtained 
In  crystals:  the  electropositive  ingredient  is  here  probably  hydrochloric 
axsid,  and  as  such  will  be  considered  as  chloride  of  hydrogen,  with  proper- 
ties analogous  to  the  chlorides  of  electro-positive  metals. 

AUROCHLORIDEa 

These  salts,  the  electro-negative  ingredient  of  which  is  the  terehloride  of 
gold,  have  been  studied  by  Berzelius,  Johnston,  and  Bonsdorfil  They  are 
prepared  by  mixing  the  chlorides  in  atomic  proportions,  and  setting  aside  the 
solution  to  crystallize. 

Most  of  them  have  an  orange  or  yellow  colour,  and  consist  of  single  equl- 
▼alents  of  their  constituent  chlorides,  as  is  exemplified  by  the  composition  of 
the  three  following  salts : — 

Names.        Basic  chloride.  Torch.  Gold.    Equiv.         Formuhe. 

^^Sii'^*  ^^\  ^^'^'^  ^  eq.+305.46  1  eq.-.380.03      Ka+AuCI3. 

Do.  in  prisms  with  45  or  5  eq.  of  water  v435.03 
^ISf^"''*'  "^^  58.72  1  eq.+305.46  1  eq.-364.18     NaQ+AuCla. 

Do.  in  4-sided  pr.  with  36  or  4  eq.  of  water««400.18 
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Names.       Basic  chloride.  Tereh.  Gold.    Eqaiv.       Formote. 

Auro-chloride  o£)  ,  /W3Tvr.j_¥¥n\ 

hjrdrochlowte  S  63.57  1  eq.+305.46  1  eq.*359.03       \     Auo"^ 
of  ammoDia    \  ' 

Do.  in  acicular  crystals  with  36  or  4  eq.  of  water— 395.03 

Auro-ehloride  of  PotasHum, — ^Tbis  sah  crystallizes  either  in  striated 
prisms  or  thin  hexagonal  tables,  which  effloresce  in  a  dry  air,  and  lose  all 
their  water  at  212^,  At  a  red  heat  the  terchlortde  of  gold  ia  deconiposed« 
leaving  chloride  of  potassium  and  metallic  gold.  This  Sfut  is  soluble  both  in 
water  and  alcohol. 

Auro-chhride  of  Sodium  crysiBJlizea  in  long  quadrilateral  prisms,  which 
may  be  exposed  to  the  air  without  change,  and  fuse  readily  in  their  water  of 
crystallization.    The  auro-chhride  of  lithium  is  deliquescent 

Auro^JUoride  of  HydrochkraU  of  Ammonia* — It  crystallizes  in  transpa. 
rent  needles  or  small  prisms,  which  become  opaque  by  exposure  to  the  air, 
and  are  soluble  in  water  and  alcohol 

Auro-ehloride  of  Hydrogen, — In  this  compound  hydrochloric  acid  is  pro- 
bably the  positive  chloride.  It  crystalUzes  readily  in  long  acicular  crystals 
of  a  light  yellow  colour  when  an  acid  solution  of  gold  is  cautiously  evapo- 
rated. The  crystals  undergo  no  change  in  dry  air,  but  in  a  moist  atmo- 
sphere deliquesce  into  a  yellow  liquid. 

Bornsdorff  has  prepared  the  auro^hlorides  of  barium,  strontium,  calcium, 
magnesium,  manganese,  zinc,  cadmium,  cobalt,  and  nickeL  Most  of  them 
crystallize  in  prisms  and  contain  water  of  crystallization. 

PLATINOXJHLORIDES. 

Both  the  protochloride  and  bichloride  of  platinum  act  as  haloid^icids. 
Magnus  prepared  the  platina-protoehUnide  of  potasHum  by  mixing  chloride 
of  potassium  with  a  solution  of  protochloride  of  platinum  in  hydrochloric 
add.  It  crystallizes  by  evaporation  in  red,  anhydrous,  4-Bided  prisms, 
which  are  insoluble  in  alcohol,  but  dissolve  readily  m  water.  It  consists  of 
single  eouivalents  of  its  constituent  chloxides. 

The  piatino-proioehloride  of  sodium  may  also  be  prepared,  is  soluble  in 
water  and  alcohol,  and  crystallizes  with  difficulty.  A  similar  salt  may  be 
formed  with  hydrochlorate  of  ammonia,  and  is  isomorphous  with  that  of 
potassium,  which  it  also  resembles  in  its  properties,  composition,  and  mode 
of  preparation. 

The  solution  of  protochloride  of  platinum  in  hydrochloric  acid,  which  has 
a  deep  red  tint,  is  doubtless  a  double  chloride,  but  it  has  not  been  obtained 
in  crystals. 

The  principal  salts  of  bichloride  of  platinnm  are  those  of  potassium,  so- 
dium, and  hydrochlorate  of  ammonia,  which  are  thus  constituted  :— 

Names.  Basic  chloride.    Bichl.  of  Plat.    Equiv.        Formuls. 

^^^^M^im"^^    ('^^•^'^    leq.+169.64-  leq.-244J21    KCl-hPlCia. 
**'of^um''"^^    i;^^-'^2    leq.-hl69.64    1  eq.-.2Sa36    NaCl+PlCl«. 

I)o.  in  prisms  with  54  or  6  eq.  of  water  ..282.36 

Platino-bichloride    )  r/M^xrj_wm\ 

ofhydrochlorateS  53.57    1  eq.4- 169.64    leq.^^^^ly  ^ry^t^ 
ofanmionia         )  C     -r  ♦ 

PlatinoJnehloride  of  Potaisium. — The  production  of  this  salt  by  mixing 
its  constituents  in  solution,  constitutes  one  of  the  best  tests  for  potassa  (page 
297.)  It  is  commonly  obtained  as  a  powder  of  a  pale  lemon-yellow  cokiur ; 
but  by  slow  evaporation  it  yields  small  octohedrons  of  a  brilliant  lustre.  It 
is  anhydrous,  insoluble  in  alcohol,  and  is  sparingly  dissolved  by  cold,  but 
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more  freelv  by  hot  water.  Hetted  to  rednen  it  yields  chlorioe,  and  the  re- 
sidue consiBta  of  platinum  and  chloride  of  potassium. 

PUaino-biehUnide  of  Sodium. — ^This  salt  crystallizes  in  fine  transparent 
prisms  of  a  deep  yellow  colour,  which  are  soluble  in  water  and  alcoboL 
W  hen  gentlv  heated  it  loses  its  water  of  crystallization,  and  becomes  a  pale 
yellow  powder. 

PUUinoJnchloride  of  Hydrochlorate  of  Ammonia  fiills  as  a  lemon-yellow 
powder  when  sal  ammoniac  is  mixed  with  a  strong  solution  of  bichloride  <^ 
platinum.  It  resembles  the  double  salt  of  potassium  in  its  properties  and 
form,  crystallizing  in  small  anhydrous  octohedrons  when  its  aqueous  sola- 
tion  is  slowly  evaporated.  This  salt  is  employed  in  the  preparation  of  (dati- 
num,  and  when  heated  to  redness  leaves  that  metal  in  a  spongy  state. 

Bonsdorff  has  prepared  the  platino-bichlorides  of  barium,  strontium,  cal- 
eiam,  and  several  other  metals.  Most  of  them  crystallize  with  water  of 
crystallisation,  and  have  a  yellow  or  orange  colour. 

PALLADIO-CHLORIDEa 

Both  of  the  chlorides  of  palladium  act  as  haloid-acids,  combining  with 
many  of  the  metallic  chlorides,  when  their  respective  solutions  are  mixed 
and  evaporated.  The  principal  palladio-chlorides  which  have  been  examined 
are  those  with  the  chlorides  of  potassium  and  sodium,  and  with  hydrochlo- 
rate of  ammonia,  which  consist  of  single  equivalents  of  their  ingredients. 

The  palladio-protochloride  of  potassium  crystallizes  i.i  four-sided  prisms 
of  a  dirty  yellow  colour,  which  are  anhydrous,  insoluble  in  alcohol,  and 
freely  soluble  in  water.  The  corresponding  salt  of  sodium  is  deliquescent 
and  soluble  both  in  water  and  alcohoL  That  of  hydrochlorate  of  ammonia 
is  isomorphous  with  the  salt  of  potassium,  which  it  resembles  in  its  other 
properties. 

The  palladio-bichloride  of  potassium  is  obtained  by  evaporating  the  pal- 
ladicprotochloride  with  nitro-hydrochloric  acid,  when  microscopic  crystals 
of  a  cumabar-red  colour  are  deposited,  which  by  a  rlass  are  found  to  be  re- 
gular  octohedrons.  It  is  anhydrous,  insoluble  in  iQcohol,  and  nearly  so  in 
water.  When  heated,  or  by  continued  ebullition,  it  is  reconverted  into  the 
palladio-protochloride  of  potassium.  The  corresponding  salt  of  hydrochlo- 
rate of  ammonia  is  obtained  in  a  similar  manner,  and  resembles  the  former 
in  form  and  other  properties. 

RH0DI04:HL0RIDES. 

The  aesquichloride  of  rhodium  combines  with  the  chlorides  of  potaasiam 
and  sodium,  and  the  resulting  salts  are  thus  constituted  :— 

Names.  Basic  Chlor.  SesquicbL  Rhod.    Equiv.       Formule. 

^rfS^^im  "^^  !  ^^^'^^  ^  eq.+210.66  1  eq.-39.58     SKCI-f  R^Cl*. 
Do.  in  four-sided  prisms  with  18  or  2  eq.  of  water— 377.8 
'^%^^t^^'''''^''\l^^'l^^eq.+2l0.66l  eq.-386.82    SNaCl+Rtas. 
Do.  in  prisms  with  162  or  18  eq  of  water  ^548.82 

Dirhodi4)-ckloride  of  Potataium.— It  is  obuined  by  mixing  the  respective 
chlorides  in  the  ratio  above  assigned,  and  crystallizes  in  four-sided  rectan- 
gular prisms,  which  are  of  a  deep  red  colour,  insoluble  in  -alcohol,  and  con- 
tain 18  parts  or  two  eq.  of  water  combined  with  359.8  parts  or  one  eq.  of 
the  salt 

Hydrochlorate  of  ammonia  yields  a  similar  double  salt,  analogous  In  its 
properties  to  the  preceding. 

THrkodiO'Chloride  of  &>dium. — ^This  salt  crystallizes  in  large  prismatic 
crystals  of  a  deep  red  colour,  which  lose  part  of  their  water  in  a  dry  air,  and 
become  covered  with  a  red  powder.    They  are  insoluble  in  alcohoL 
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IRIDIO.CHLORIDES. 

The  chlorides  of  iridium  act  as  haloid-acids.  The  most  remarkahle  of  its 
Baits  is  the  iridio-bichloride  of  potassium,  which  in  form  and  properties  re- 
sembles  the  platino-bichloride  of  potassium,  crystallizingr  in  brilliant  octohe- 
drons,  but  of  a  black  colour,  which  arc  sparingly  soluble  in  water.  Hydro- 
chlorate  of  ammonia  forms  with  it  a  similar  salt,  which  is  of  a  deep  cherry- 
red  colour. 

OSMIO-CHLORIDES. 

Berzelius  has  described  the  osmio-bichloride  of  potassium,  which  resem- 
bles in  form,  composition,  and  most  of  its  properties  the  corresponding  salts 
of  platinum  and  iridium.  It  is  insoluble  ^in  alcohol,  and  but  sparingly  dis- 
solved  in  water ;  but  its  aqueous  solution,  when  gently  evaporated,  yields  oc- 
tobedron  crystals  of  a  deep  brown  colour. 

OXY-CHLORIDES. 

Chemists  are  acquainted  with  a  considerable  number  of  compounds  in 
which  a  metallic  oxide  is  united  with  a  chloride  either  of  the  same  metal, 
which  is  the  most  frequent,  or  of  some  other  metaL  These  compounds  are 
commonly  termed  sub-muriates,  on  the  supposition  that  they  consist  of  hy- 
drochloric acid  combined  with  two  or  more  equivalents  of  an  oside. 

Oxy-ehlorides  of  Iron. — ^When  the  crystallized  protochloride  of  iron  is  • 
heated  without  exposure  to  the  air,  the  last  portions  of  its  water  exchange 
elements  with  part  of  the  chloride  of  iron,  yielding  hydrochloric  acid,  which 
is  evolved,  and  protoxide  of  iron.  On  raising  the  heat  so  as  to  expel  the 
pure  chloride  o€  iron,  a  deep  green  oxy-chloride  in  scaly  crystals  remains. 
(Berzelius.) 

The  ochreous  matter  which  falls  when  a  solution  of  the  protochloride  of 
iron  is  exposed  to  the  air,  is  hydrated  peroxide  of  iron  combined  with  some 
perchloride.  A  similar  hydrate  is  obtained  by  mixing  with  a  solution  of  the 
perchloride  of  iron  a  quantity  of  alkali  insufficient  for  complete  decomposi- 
tion.  When  a  solution  of  the  perchloride  is  evaporated  to  dryness  without 
exposure  to  the  air,  the  last  portions  of  water  exchange  elements  witli  the 
perchloride,  hydrochloric  acid  is  disengaged,  and  after  subliming  the  pure 
anhydrous  perchloride,  a  compound  in  large,  brown,  shining  lamince  is  Icfl, 
which  consists  of  peroxide  and  perchloride  of  iron.  (Berzelius.) 

Mr.  Phillips  has  described  a  soluble  oxy-chloride,  which  appears  to  consist 
of  one  eq.  of  perchloride  of  iron  with  nine  eq.  of  the  peroxide.  It  is  prepared 
by  digesting  hydrochloric  acid  with  the  required  proportion  of  the  moist  hy- 
drated peroxide.  The  solution  is  of  a  brownish-red  colour,  and  a  precipitate 
is  occasioned  either  by  a  little  more  of  the  peroxide  or  a  little  acid,  indi- 
cating the  formation  of  other  oxy-cblorides  which  arc  insoluble.  (Phil.  Mag. 
and  An.  viii.  406.) 

Oxy-chlorides  of  THn, — When  a  large  quantity  of  water  is  poured  on  crys- 
tallized protochloride  of  tin,  a  portion  of  water  and  protochloride  exchange 
elements,  an  acid  solution  is  formed,  containing  the  double  chloride  of  tin 
and  hydrogen,  and  a  white  powder  subsides,  which  is  a  compound  of  the 
protoxide  and  protochloride  of  tin. 

Oxy-cUoride  of  Antimony. — It  falls  as  a  white  curdy  precipitate  when 
sesquichloride  of  antimony  is  thrown  into  water  (page  377) ;  and  according 
to  an  analysis  by  Phillips  contains  about  7.8  per  cent,  of  chlorine. 

Oxy-chloride  of  Cerium. — This  compound  is  generated  by  heating  the  hy- 
drated protochloride,  just  as  when  the  protochloride  of  iron  is  distilled. 

Oxy-chloride  of  Bismuth. — It  is  prepared  by  pouring^  a  neutral  solution  of 
nitrate  of  oxide  of  bismuth  into  a  concentrated  solution  of  sea-salt;  and  a 
similar  compound,  but  with  more  oxide,  is  formed  when  a  dilute  solution  of  sea- 
salt  is  used.  They  are  both  heavy  insoluble  powders  of  a  very  white  colour. 
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Oxff-ehioride  of  Copper^^ThiB  compound  fUls  as  a  green  hydrate  when 
potana  u  added  to  a  solution  of  chloride  of  copper  inaufficient  for  its  com- 
plete  decompofiition.  When  its  water  is  expelled  it  becomes  of  a  liTer-biown 
colour.  Berzelius  states  it  to  consist  of  one  cq.  of  the  chloride  and  three  eq. 
of  oxide  of  copper.  It  is  used  as  a  pig'ment  under  the  name  of  Bruntunei 
green,  being  prepared  for  that  purpose  by  exposing  metallic  copper  to  hydro- 
chloric acid  or  a  solution  of  sal  ammoniac.  The  same  compound  is  gene- 
rated during  the  corrosion  of  copper  in  sea-water. 

Oxy-chlorides  of  Lead, — A  compound  of  one  eq.  protochloride  to  two  cq. 
of  protoxide  of  lead  has  been  found  as  a  colourless  mineral  Another  oxy- 
chloride  with  three  eq.  of  the  protoxide  is  prepared  by  addin|r  pare  ammonia 
to  a  hot  solution  of  chloride  of  lead.  It  fiills  as  a  heavy  white  hydrate ;  but 
on  expelling  its  water  by  heat,  it  acquires  a  pole  yellow  colour.  A  third 
oxy-chloride  with  a  still  larger  proportion  of  oxide  is  used  as  a  pigment 
under  the  name  of  minora/  or  patent  yellow  ;  and  it  is  prepared  by  the  acticm 
of  moist  sea-salt  on  litharge,  by  which  means  portions  of  the  protoxide  and 
sea-salt  exchange  elements,  yielding  soda  and  chloride  of  lead.  After  wajsh- 
ing  away  the  alkali,  the  mixed  oxide  and  chloride  are  dried  ana  fused. 

Oxy-chloride  of  Mercury. — ^This  compound  is  obtained  as  a  shixung  cry  a- 
talline  powder,  of  a  bi  ownish-black  colour,  when  peroxide  of  mercory^  is 
boiled  with  a  solution  of  the  bichloride.  It  is  anhydrous,  and  consists  of  sin- 
gle equivalents  of  the  oxide  and  chloride. 

CHLORIDES  WITH  AMMONIA. 

Several  interesting  compounds  of  chlorides  with  ammonia  have  been  stn- 
died  by  Persoz  and  Rose.  (An.  de  Ch.  et  do  Ph.  xliv.  315,  and  li.  5,  and  Pog. 
Annalen,  xx.  149.)  The  perchloridcs  of  chromium,  tin,  titanium,  antimony, 
and  iron  absorb  ammonia  at  common  temperatures ;  and  most  of  the  other 
chlorides  absorb  it  when  gently  warmed.  The  chlorides  of  potassium,  so- 
dium, and  barium  do  not  absorb  ammonia,  while  those  of  strontium  and  cal- 
cium combine  with  four  equivalents  of  the  alkali.  Chloride  of  copper  absorbs 
three  equivalents,  and  acquires  the  same  deep  blue  tint  as  the  ammoniaco- 
sulphate  of  copper.  Chloride  of  nickel  unites  with  three,  and  chloride  of  co- 
balt with  two  equivalents  of  ammonia.  Chloride  of  silver  takes  up  slowly 
one  and  a  half  equivalents.  Calomel  absorbs  half  an  equivalent  and  forms  a 
black  compound;  but  on  exposure  to  the  air,  the  ammonia  flies  off,  and  pure 
white  calomel  remains.  Corrosive  sublimate,  by  the  aid  of  heat,  rapidly  ab- 
sorbs half  an  equivalent  of  ammonia,  and  forms  a  white  compound,  which  is 
insoluble  in  water,  and  bears  a  considerable  temperature  without  decomposi- 
tion :  the  white  precipitate  of  pharmacy  is  probably  analogous  in  nature, 
though  the  ratio  of  its  ingredients  is  different  Perchloride  of  titanium  com- 
bines with  two  equivalents,  and  that  of  tin  with  one.  The  bromides  and 
iodides,  as  well  as  the  bicyanuret  of  mercury,  absorb  ammonia  in  the  same 
manner  as  the  chlorides.  Nearly  all  of  these  compounds  depend  on  very 
feeble  affinities.  Most  of  them  lose  their  ammonia  by  mere  exposure  to  the 
air,  and  it  is  expelled  from  nearly  all  by  a  very  moderate  heat ;  in  some,  as 
with  perchloride  of  titanium,  heat  occasions  reactions  between  the  chlorine 
and  ammonia,  and  tlie  metal  is  insulated ;  but  in  general  the  alkali  is  simply 
expelled,  and  the  chloride  returns  to  its  former  condition.  Though  these 
ammoniacal  chlorides  may  be  viewed  as  salts  in  which  a  metallic  chloride 
acts  as  an  acid,  they  appear  to  be  more  closely  allied  to  those  singular  com- 
pounds of  ammonia  with  the  oxy-salts  which  have  already  been  noticed 
(page  44^).  To  tliis  remark,  some  of  them,  of  which  the  ammoniacal  chlo- 
ride of  mercury  is  an  instance,  are  probably  exceptions. 

CHLORIDES  WITH  PHOSPHURETTED  HYDROGEN. 

The  analogy  which  Rose  has  traced  between  ammonia  and  phosphuretted 
hydrogen  is  especially  remarkable  in  the  compounds  which  they  both  form 
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with  metallic  chlorides.  He  has  examined  the  compounds  of  phoephuretted 
hydrogen  with  the  perchlorides  of  titanium,  tin,  antimony,  iron  and  alumi- 
nium, all  of  which  correspond  to  ammoniacid  chlorides  of  similar  composi- 
tion. The  phosphuretted  hydrogen  is  in  all  readily  displaced  by  water,  or  a 
solution  of  ammonia.  Rose  observed  that  the  resulting  chloride  is  the  samo 
in  character  and  composition,  whichever  of  the  two  kinds  of  phosphuretted 
hydrogen  were  used  in  its  preparation.  He  also  found  that  the  gas,  when  dis- 
placed from  perchloride  of  titanium  bv  water,  does  not  inflame'spontancously ; 
whereas,  if  displaced  by  a  solution  of  potassa  or  its  carbonate,  by  carbonate 
of  ammonia  or  hydrochloric  acid,  the  gas  is  spontaneously  imflammable. 
He  was  thus  able  to  disengage  at  will  either  variety  of  phosphuretted  hydro- 
gen from  the  same  compound,  without  reference  to  the  kind  which  had  been 
used  in  its  preparation.  These  facts  first  led  Rose  to  tlie  opinion  that  the 
two  gases  of  phosphorus  and  hydrogen  must  be  similar  in  'Composition. 
(Page  264.) 

DOUBLE  IODIDES. 

These  compounds  have  not  yet  been  closely  studied ;  but  there  is  no  doubt 
.]u.at  the  iodides  are  capable  of  forming  with  each  other  an  extensive  series 
of  compounds,  fionsdorif  obtained  the  hydrargo-biniodide  of  potassium  by 
saturating  a  strong  solution  of  iodide  of"^  potassium  with  biniodide  of  mer- 
curv  :  it  may  also  be  formed  by  dissolving  corrosive  sublimate  in  a  solution 
of  iodide  of  potassium,  evaporating  to  dryness,  and  digesting  in  alcohol, 
when  the  double  iodide  is  dissolved,  and  chloride  of  potassium  is  left  A  va- 
riety of  double  iodides  haTe  been  described  by  Boullay,  and  among  them  a 
compound  of  biniodide  of  mercury  and  hydriodic  acid.  (An.  dc  Ch.  et  de 
Ph.  xxxiv.)  In  general  the  double  hydrargo-biniodides  contain  single  equi- 
valents of  the  respective  iodides.  Liebig  obtained  a  compound  of  the  bichlo- 
ride and  biniodide  of  mercury,  consisting  of  two  eq.  of  the  former  to  one  eq. 
of  the  latter,  as  indicated  by  tlio  formula  Hgl*-^2HgCl», 

Several  compounds  of  biniodide  of  platinum  with  other  iodides  have  been 
studied  by  Mr.  Kane  of  Dublin,  and  Lassaigne.  (Dublin  Journal  of  Science, 
i.  304,  and  An.  de  Ch.  et  de  Ph.  li.  125.)  The  compounds  at  present  known 
are  tlius  constituted : — 

Names.  Basic  Iodide.    Biniod.  Plat        Equiv.      Formule. 

Pktino-bm^odide  of    1 165.45  1  eq.+ 35 1.4    1  eq.=5 16.85    KI+PIK 

Dof^fl^i^m     .        149.6     1  eq.+351.4     1  eq.=501         Nal+Plla. 

^•f  J75*„^^*«  1 144.45  leq.+351.4  1  eq.=495.85  ^  ("fN+HI) 

of  ammonia  J                   ^  '                    ^                  f     -|-rll«. 

Do.  of  barium    .  195       1  cq.-f  351.4  1  eq.»546.4      Bal-f  P1I«. 

Do.  of  zinc         .  158.6     1  eq.+35l.4  1  eq.=510         ZnI-fPlI». 

Do.  of  hydrogen  127.3     1  eq.-f  351.4  1  eq.=478.7      HI-hPlI*» 

The  platino-biniodide  of  potassium  is  prepared  by  digesting  an  excess  of 
biniodide  of  platinum  in  a  rather  concentrated  solution  of  iodide  of  potas- 
slum.  By  spontaneous  evaporation  it  crystallizes  in  small  rectangular  plates 
surmounted  sometimes  with  a  four-sided  pyramid,  which  are  anhydrous, 
unchanged  in  the  air,  and  insoluble  in  alcohol.  The  colour  of  the  crystals 
is  black  with  a  metallic  lustre,  and  they  yield  a  deep  claret-coloured  solu- 
tion with  water.  The  biniodide  of  platinum  appears  to  combine  also  with 
the  iodide  of  platinum;  but  the  compound  has  only  been  obtained  in 
solution. 

The  platino-biniodides  of  sodium,  barium,  and  zinc,  are  obtained  in  the 
same  manner  as  that  of  potassium,  crystallize  with  difficulty,  are  deliques- 
cent in  the  air,  and  dissolve  in  water  and  alcohol.  The  ammoniacal  salt  is 
analogous  in  its  properties  to  that  of  potassium,  with  wh^h  it  appears  also 
to  be  isomorphous. 

PlatiaO'lnniQdide  of  Hydrogen^^TlM  compound  oonsiBtfl  of  hydriodic 
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acid  and  biniodide  of  platinum,  in  which  the  former  is  regarded  aa  the 
electro-posilivc  element.  It  is  prepared  bj  acting  on  biniodide  of  {^atinum 
with  a  cold  dilute  solution  of  hydriodic  acid,  which  gradually  acquires  a 
deep  claret  colour,  and  by  evaporation  under  a  bcU-jar  with  quicklime,  de- 
posites  black  acicular  crystals.  The  crystals  become  moist  by  exposure  to 
the  air. 

Oxy.iadides. — The  principal  oxy -iodides  at  present  known  to  chemists  are 
those  formed  by  the  oxide  snd  iodide  of  lead.  When  iodide  of  potassium 
is  mixed  with  acetate  of  oxide  of  lead  in  excess,  the  yellow  iodide  at  first 
formed  combines  with  oxide  of  lead  and  acquires  a  white  colour ;  and  the 
same  compound  is  obtained  dirtctly  by  employing  a  subacetate.  M.  Denot 
finds  that  there  are  three  oxy-iodides,  in  which  one  cq.  of  iodide  of  lead  is 
united  with  one,  two,  and  five  equivalents  of  oxide  of  lead. 

DOUBLE  BROMIDES. 

These  compounds  have  not  yet  been  studied ;  but  Bonsdorflf  has  proved 
the  possibility  of  forming  compounds  similar  in  composition  and  properties 
to  the  double  chlorides.  He  obtained  the  hydrargo-bibromide  of  poiassiuTn 
in  crystals,  consisting  of  an  equivalent  of  each  bromide  united  with  two  eq. 
of  water. 

DOUBLE  FLUORIDES. 

The  researches  of  Bcrzelius  have  led  to  the  formation  of  several  exten- 
sive fiimilies  of  double  fluorides,  in  which  the  fluorides  of  boron,  siliciam, 
titanium,  and  of  other  clcctro-negative  metals  are  tlie  acids,  and  the  fluorides 
of  electro-positive  metals  are  bases.  In  some  instances  hydrofluoric  acid  is 
a  haloid-acid ;  but  more  commonly  it  acts  tlie  part  of  a  base. 

Hydro-fluorides. — In  this  family  hydrofluoric  acid  is  combined  with  the 
fluorides  of  electro-positive  metals.  If  an  equivalent  of  any  electro-positiye 
metal  be  indicated  by  M,  then  the  general  formula  for  this  fiimilv  is 
MF4-HF. 

The  hydro-fluoride  of  potassium  is  made  by  mixing  hydrofluoric  acid 
with  a  solution  of  fluoride  of  potassium,  and  evaporating  by  a  gentle  heat 
in  a  platinum  capsule.  It  commonly  crystallizes  in  contused  laminae ;  but, 
by  slow  evaporation,  in  square  tables  or  cubes,  whicli  are  anhydrous  and 
dissolve  freely  in  pure  water.  It  fuses  readily  when  heated,  and  loses  all  its 
hydrofluoric  acid  at  a  low  red  heat 

The  hydro- fluoride  of  sodium  is  prepared  as  the  preceding  salt,  and  bj 
spontaneous  evaporation  yields  anhydrous  rhombohedral  crystals.  It  » 
sparingly  soluble  in  cold,  but  much  more  freely  in  hot  water.  The  hydro- 
fluoride  of  lithium  is  also  of  sparing  solubility.  The  fluorides  of  barium, 
strontium,  calcium,  and  magnesium,  do  not  combine  with  hydrofluoric  acid. 

BORO-FLUORIDES. 

When  the  terfluoride  of  boron  (fluoboric  acid  gas)  is  acted  upon  by  water, 
one  out  of  every  four  equivalents  of  the  gas  interchanges  elements  with 
water,  giving  rise  to  hydrofluoric  and  boracic  acids,  the  former  of  which 
combines  as  a  haloid-base  with  undecom posed  terfluoride  of  boron,  consti- 
tuting  the  boro-hydrofluoric  acid  (paf  e  241),  but  which  may  be  viewed  as 
the  borofluoride  of  hydrogen.    This  change  is  such  that 

4  eq.  terfluoride  of  boron  4(B-|-3F)  ^  3  eq.  terfluoride  of  boron   3(B+3F) 

."S  3  eq.  hydrofluoric  acid       3(H-}-F) 
and  3  eq.  of  water  3(H+0)    >^  and  I  eq.  boracic  acid  B-f  30. 

By  careful  concentration  and  cooling,  the  boracic  acid  separates  ks  a  crys- 
talline powder,  and  the  boro-fluoride  of  hydrogen  remains  in  solution.  It  is 
strongly  acid  to  test  paper,  and  its  composition  is  indicated  by  the  formula 
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HF4-BF>,  being  an  equivalent  of  each  fluoride.  On  adding  potaasa  to  this 
compound,  it  interchanges  elements  with  hydrofluoric  acid,  and  there  re- 
sults the  boro-fluoride  of  potassium,  KF-)-BF*,  the  hydrogen  being  simply 
displaced  by  potassium.  The  protoxides  of  most  other  n>e(als  act  precisely 
like  potassa,  and,  therefore,  the  general  formula  of  tlicse  compounds  is  MF 
•4-BF*.  IfVben  exposed  to  a  strong  heat,  they  all  give  off  terfluoride  of 
boron,  and  a  metallic  fluoride  is  left. 

Boro.fluoride  of  Potassium. — It  is  prepared  by  dropping  boro-fluoride  of 
hydrogen  drop  by  drop  into  a  solution  of  a  salt  of  potassa,  and  falls  as  a 
gelatinous  transparent  hydrate,  which  is  a  white  very  6ne  powder  when 
dried.  It  has,a  slightly  bitter  taste,  and  is  quite  neutral  to  test  paper,  is  very 
sparingly  soluble  in  alcohol  and  cold  water,  but  is  dissolved  freely  by  hot 
water,  and  subsides  on  cooling  in  small  brilliant  anhydrous  crystals.  At  a 
strong  red  heat  it  gives  off  the  terfluoride  of  boron  and  fluoride  of  potas- 
slum  remains. 

The  boro-fluoride  of  sodium  is  very  soluble  in  water,  and  is,  therefore, 
best  obtained  pure  by  the  direct  action  of  boro-fluoride  of  hydrogen  on 
fluoride  of  sodium.  It  crystallizes  by  slow  evaporation  in  large  rectancrular 
prisms,  which  redden  litmus  paper  strongly.  The  boro fluoride  of  limium 
also  crystallizes  in  large  prisms,  is  very  soluble  in  water,  and  deliquesces 
in  tlie  air. 

The  borofluoride  of  barium  is  prepared  by  adding  carbonate  of  baryta  to 
boro-fluoride  of  hydrogen  till  it  ceases  to  be  dissolved,  avoiding  any  further 
addition.  On  evaporating  to  the  consistence  of  a  syrup,  long  acicular 
crystals  form,  and  by  keeping  the  solution  in  a  warm  place,  it  yields,  flat, 
four-sided,  rectangular  prisms.  It  is  acid  to  test  paper,  and  deliquescent. 
The  boro-fluorides  of  calcium  and  magnesium  may  be  prepared  in  a  similar 
manner,  and  are  soluble  in  water.  Lead  forms  a  soluble  boro.fluoride» 
which  crystallizes  in  the  same  manner  as  the  boro-fluoride  of  barium. 

SILICO-FLUORIDES. 

The  acid  solution,  called  silico-hydrqfluorie  acid  (page  337,)  may  be 
viewed  as  the  sUicofluoride  of  hydrogen^  a  compound  of  52.36  parts  or  two 
eq.  of  fluoride  of  silicium  and  19.68  or  one  eq.  of  fluoride  of  hydrogen 
(hydrofluoric  acid),  as  indicated  by  the  formula  HF-|-2SiF.  When  the 
solution  is  neutralized  with  potassa,  the  alkali  interchanges  elements  with 
fluoride  of  hydrojgen,  water  and  fluoride  of  potassium  are  generated,  and 
the  latter  combines  with  the  fluoride  of  silicium.  This  double  fluoride 
consists,  therefore,  of  52.36  parts  or  two  eq.  of  fluoride  of  silicium,  and 
57.83  or  one  eq.  of  fluoride  of  potassium,  the  formula  of  which  is  KF-)- 
2SiF.  A  similar  change  ensues  with  the  protoxides  of  most  other  metals, 
and  hence  the  general  formula  of  the  silico-fluorides  is  MF-^2SiF.  On  ex- 
posing  these  compounds  to  a  red  heat,  fluoride  of  silicium  is  disengaged. 

SUicofluoride  of  Potassium. — ^This  salt  falls  as  a  very  transparent  jelly, 
which  has  the  property  of  reflecting  the  colours  of  the  rainbow ;  but  when 
collected  on  a  filter  and  dried,  it  becomes  a  white  powder.  By  evaporating 
a  saturated  aqueous  solution,  it  separates  in  minute  anhydrous  crystab.  It 
is  sparingly  soluble  in  hot  water,  and  still  less  so  in  cold  water. 

The  sUicofluoride  of  sodium  resembles  the  former  salt,  but  is  much  more 
soluble  in  hot  water.  By  evaporation  it  is  obtained  in  minute  anhydrous 
hexagonal  prisma.  The  ailicowfluorido  of  lithium  forms  similar  crystals, 
but  is  more  soluble  in  water. 

The  sUicofluoride  of  barium  graduallr  falls  in  microscopic  crystals, 
which  through  a  glass  appear  as  elongated  prisms,  when  chloride  of  barium 
is  mixed  with  the  silico-fluoride  of  hydrogen,  hydrochloric  acid  remaining 
in  solution.  This  salt  is  very  sparingly  soluble  in  water  whether  hot  or  cold. 

The  silico-fluorides  of  strontium,  calcium,  magnesium,  and  lead  are  best 
prepared  by  dissolving  their  respective  carbonates  in  silico-fluoride  of  hy- 
drogen.    The  salt  of  strontium  crystalliies  in  short  quadrilateral  prisms, 

41* 
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which  lose  their  water  of  crystallizatioo  at  a  gentle  heat  and  become  opaque. 
For  complete  solubility  in  water,  they  require  a  slight  excess  of  hydrofluoric 
acid  to  be  present,  and  then  they  dissolve  freely.  The  salt  of  calcium  crys- 
tallizes  in  regular  quadrilateral  prisms.  It  dissolves  readily  in  water  acidii- 
lated  with  hydrofluoric  or  hydrochloric  acid,  but  is  decomposed  by  pore 
water,  yielding  an  acid  soluble  salt,  and  aa  insoluble  subsalt.  The  salts  of 
ma^esium  and  lead  are  very  soluble,  and  leave  a  gummy  mass  by  evapo- 
ration. 

The  silico-fluorides  of  manganese,  iron,  zinc,  cobalt,  nickel,  and  copper 
are  soluble  in  water,  and  crysUdlize  in  similar  hexagonal  prisms,  probably 
isomorphous,  which  contain  respectively  one  eq.  of  fluoride  of  silicium  and 
seven  eq.  of  water  of  crystallization. 

TITANO-FLUORIDES. 

Hydrofluoric  acid  dissolves  titanic  acid,  and  forms  with  it  an  acid  soluCion 
which  may  be  viewed  as  the  tttano-fluoridc  of  hydrogen,  consistin2^ar6I.i>6 
parts  or  one  eq.  of  bifluoride  of  titanium,  and  19.6d  or  one  eq.  of  fluoride  of 
hydrogen,  expressed  by  the  formula  HF-|-TiF2.  When  mixed  with  po- 
tassa,  water  and  fluoride  of  potassium  arc  generated,  and  the  tttano-fluoride 
of  potassium  results,  the  formula  of  which  is  KF^-TiF«.  By  substituting 
most  other  protoxides  for  potasso,  similar  salts  may  be  prepared,  the  general 
formula  being  MF-|-TiFs. 

Few  of  the  titano-fluorides  have  as  yet  been  studied.  That  of  potassium 
crystallizes  by  evaporation  in  scales  lilEc  boracic  acid,  which  are  anhydrous, 
and  but  sparingly  soluble  in  cold  water.  The  titano-fluoride  of  sodium  is 
very  soluble,  and  crystallizes  with  difficulty. 

Similar  double  fluorides  may  be  formed,  in  which  the  fluorides  of  molvb- 
dcnum,  tellurium,  and  platinum,  act  as  the  electro-negative  ingredients.  I^ew 
of  them,  however,  have  as  yet  been  studied.  Bcrzclius  has  prepared  the  ala- 
mino-fluorides  of  potassium  and  sodium,  and  the  zircono-fluoride  of  potas- 
sium. ~  He  employed  the  latter  |in  the  preparation  of  metallic  zirconiam. 

The  alumino-fluoride  of  sodium  b  found  in  nature  as  a  rare  mineral  called 
cryolite. 

OXY-FLUORIDES. 

Several  fluorides  combine  with  oxides  in  the  same  manner  as  chlorides 
and  iodides.  An  oxy.fluoride  of  aluminium  is  prepared  as  an  insoluble  gela- 
tinous  hydrate  by  digesting  hydrate  of  alumina  in  a  solution  of  the  seequi- 
fluoride  of  aluminium.  This  oxy-fluoride,  combined  with  silicate  of  alumina, 
constitutes  the  topaz.  The  neutral  fluorides  of  cobalt,  nickel,  and  copper  are 
decomposed  by  hot  water,  being  resolved  into  soluble  hydro-fluorides,  and  in- 
soluble oxy-fluorides.  Several  other  fluorides  doubtless  undergo  a  similar 
change.  The  oxy-fluoride  of  lead  is  generated  either  by  digesting  fluoride 
of  lead  in  solution  of  ammonia,  or  by  fusing  together  the  fluoride  and  oxide 
of  lead.  It  is  more  soluble  than  the  fluoride,  and  the  solution  by  exposure 
to  the  air  gives  a  precipitate  of  carbonate  of  oxide  of  lead.  The  fluoride  of 
lead  also  combines  by  fusion  with  chloride  of  lead.  Fluoride  of  calcium 
forms  a  very  fusible  compound  with  sulphate  of  lime. 

DOUBLE  CYANURETa— FERRO-CYANURETS. 

The  double  cyanureta  constitute  an  extensive  and  important  group  of 
salts,  of  which  a  few  species  only  hare  as  yet  been  studied.  Those  at  pre- 
sent observed  by  chemists  are  the  ferro-cyanurets,  fcrro-sesquicyanurets, 
zinco-cyanurcts,  cobalto-cyanurcts,  niceo-cyanurets,  and  cupro-cyanurets,  in 
which  the  proto-cyanuret  of  iron,  sesqui-cyanurct  of  iron,  cyanuret  of  unc, 
cyanuret  of  cobalt,  cyanuret  of  niciicl,  and  cyanuret  of  copper,  may  be  con- 
sidered as  the  electro-negative  cyanurets. 
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Mo0i  of  the  ferro-cyanureU  ape  disalts,  in  which  one  equivalent  of  proto- 
cyanurct  of  iron,  FcCy,  is  combined  with  two  equivalents  of  some  other 
cyanuret.  The  general  formula  of  such  compounds  is  2MCy-|-FeCy,  in 
which  M  represents  any  electro-positive  metal.  The  elements  are  in  such 
a  ratio,  that  if  the  metals  were  converted  into  protoxides  at  the  expense  of 
water,  the  hydrogen  would  Just  suffice  to  form  hydrocyanic  acid  with  the 
cyanogen  : — ^thus  would 

1  eq.  ferro-cyan.  2MCy-|-FeCy  2  2  eq.  hydrocy.  oxide  of  M.  2(M-|-HCy) 
and  3  eq.  water  3(H-|-0)  -^  1  eq.  hydrocy.  oxide  of  iron  Fe+HCy. 

The  ferro-cyanurets  in  solution  may  hence  be  regarded  as  hydrocyanates  of 
protoxides.  But  it  is  better  to  abstain  from  such  views ;  for  if  adopted  with 
one  family,  they  may  with  equal  reason  be  applied  to  others,  and  be  extend- 
ed  to  the  haloid  and  sulphur-salts  generally,  which  would  create  much  con- 
fusion, and  a  necessity  for  conceiving  very  improbable,  not  to  say  unchemi- 
cal,  modes  of  combination. 

The  fcrro-cyanurets  of  the  metals  of  the  alkalies  and  alkaline  earths  are 
soluble  in  water :  those  of  the  metals  of  the  earths  have  not  been  prepared 
at  all ;  and  those  of  the  second  class  of  metals  are  insoluble.  The  latter  may 
readily  be  obtained  from  the  former  by  means  of  double  decomposition. 
When  the  soluble  ferrowcyanurels  are  dried  and  heated  to  redness  in  close 
vessels,  the  electro-positive  cyanuret  escapes  decomposition,  while  the  nega- 
tive cyanuret  is  resolved  into  carburet  of  iron  and  nitrogen,  the  latter  escap. 
ing  as  gas.  The  insoluble  ferro-cyanurets  undergo  complete  decomposition 
by  heat,  cither  nitrogen  gas,  or  nitrogen  mixed  with  cyanogen  gas  beinff 
evolved.  The  iron  in  solutions  of  the  soluble  ferro-cyanurets  is  not  detected 
by  alkalies,  or  hydrosulphuric  acid.  When  acted  on  by  the  stronger  acids, 
such  as  the  sulphuric,  the  electro-positive  cyanuret  is  resolved  by  decompo- 
sition of  water  into  hydrocyanic  acid  and  an  oxide  of  the  metal ;  while  a 
white  precipitate  falls,  principally  containing  cyanuret  of  iron,  which  yields 
Prussian  blue  by  exposure  to  the  air.  Most  of  the  insoluble  ferro-cyanurets 
are  soluble  without  decomposition  in  strong  sulphuric  acid,  and  subside  witli 
their  former  characters  on  dilution  with  water. 

The  principal  ferro-cyanurets  are  thus  constituted  : — 

Names.    Basic  Cyan.        Cyan.  Iron.  Equiv.         FormulaB. 

^''^tesirum''^^31-^Q      2eq..f54.39      1  eq.=  185.47      2KCy  +  FeCy. 

Do.  in  crystals  with  27  or  3  eq.  of  water    —212.47 
^^Mdium"'°^^   99.38      2  eq.+54.39      1  eq— 153.77      2NaCy.fFeCy. 

Do.  in  crystals  with  108  or  12  eq.  of  water=261.77 
^^barium "'  °^^  ^^^'^^      ^  eq..+.54.39      1  eq.=244.57     2BaCy4.FeCy. 

Do.  in  crystals  with  54  or  6  eq.  of  water    =298.57 
^^siontium     (^^^-^^      2eq.4-54.39      1  eq.  =194.77      2SrCy+FeCy. 
^^clk?um"'°^l   93.78      2  eq.-|-54.39      1  eq.=148.17     2CaCy.+.FeCy. 

Do.  in  crystals  with  108  or  12  eq,  of  water=256,17 
^^mrnesluml    ^^"^^      2  eq.-h54.39      1  eq.= 132.57      2MgCy-|.FeCy. 
^Tdrren^'^l   54.78      2  eq.-|-54.39      1  eq.= 109.17      2HCy-hFeCy. 

Ferro-cyanuret  of  Potassium. — This  salt,  called  also  ferrocyanaie  and 
tripU  pruasiate  of  potassa^  is  readily  prepared  by  digesting  pure  Prussian 
blue  in  solution  of  potassa,  when  a  yellow  liquid  is  obtained,  which  yields 
crystals  of  the  same  colour  by  evaporation.  It  is  prepared  as  an  article  '*' 
coitmerce  by  gently  igniting  potash  with  animal  matters,  such  as  r* 
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blood  and  the  horna  and  hoofii  of  animala,  when  cyannret  of  potaaaium, 
along  with  some  ferro-cyanuret,  if  iron  be  present,  ia  generated.  The  sola. 
ble  ports  are  taken  up  in  water,  and  sulphate  of  profozide  of  iron  is  added, 
until  tlie  Prussian  blue  which  is  formed  ceases  to  be  deoompoeed  by  the 
free  potassa  conUined  in  the  solution.  The  fernMsyannret  of  potassium  is 
then  set  to  crystallize,  and  is  pnri6ed  from  sulphate  of  potassa  by  repeated 
crystallization. 

This  salt  is  perfectly  neutral  to  test  paper,  and  crystallizes  readily  in  large 
transparent  four-sided,  nearly  square,  tabular  crystals,  derived  from  an  acute 
rhombic  octohedron,  the  apices  of  which  are  deeply  truncated.  It  haa  a 
lemon-yellow  colour,  no  odour,  a  slightly  bitter  taste,  quite  different  from 
that  of'^hydrocyanic  acid,  is  insoluble  in  alcohol,  but  dissolves  in  less  than  its 
weight  of  hot  water.  The  crystals, undergo  no  change  in  the  air;  but  when 
gently  heated,  even  below  21 2"^,  or  in  vacuo  with  sulphuric  acid  at  common 
temperatures,  they  lose  all  their  water  of  crystallization,  amounting  to  12.82 
per  cent,  which  they  recover  in  a  moderately  moist  atmosphere. 

This  salt  is  much  employed  in  preparing  by  double  decomposition  the  in- 
soluble  fcrro-cyanurets ;  and  as  the  precipitates  have  in  several  instances 
very  characteristic  colours,  fer ro-cy an uret  of  potassium  is  much  employed 
as  a  test  When  mixed  with  nitrate  of  oxide  of  lead,  the  white  ferro-cyanu- 
ret  of  lead  is  formed,  lead  and  potassium  changing  places,  and  neutral  ni- 
trate of  poUsaa  remaining  in  solution  ;  so  tliat 

1  eq.  ferro-cyan.  of  pot.  2KCy-f-FeCy  3  1  eq.  ferro-cyan.  of  lead  J  J^p^j^ 
U  eq.  protoxide  of  lead  2(Pb+0)  '^  2  eq.  poUssa  ^CK-hO). 

With  a  salt  of  manganese,  copper,  silver,  and  most  other  metals,  similar 
decompositions  ensue.  With  a  salt  of  protoxide  of  iron  a  white  precipitate 
falls,  which  is  pcrferro-cyanuret  of  potassium,  that  is,  contains  cyanuret  of 
potassium  united  with  two  or  more  equivalents  of  protocyanurct  of  iron,  and 
which  on  exposure  to  the  air  yields  Prussian  blue.  With  a  persalt  of  iron 
Prussian  blue  is  instantly  generated. 

Ferro-cyanuret  of  Sodium  is  prepared  like  the  preceding  salt,  and  crjrstal- 
lizes  by  evaporation  in  four-sided  prisms  of  a  yellow  colour,  which  require  4.J 
times  their  weight  of  cold  water  for  solution,  and  much  less  of  boiling  water. 
They  contain  39  per  cent  of  water,  corresponding  to  twelve  equivalents, 
some  of  which  they  lose  in  a  dry  air  and  fall  into  powder. 

Ferro-cyanuret  of  Barium  is  conveniently  prepared  by  mixing  hot,  rather 
dilute,  solutions  made  with  2  parts  of  ferro-cyanuret  of  potassium  and  1  part 
of  chloride  of  barium;  when  on  cooling,  and  also  by  evaporation,  ferro- 
cyanuret  of  barium  separates  in  small  rhomboidal  crystals  of  a  pale  yellow 
colour,  which  require  for  solution  100  times  their  weight  of  boiling,  and 
1920  of  cold,  water.  Of  six  eq.  of  water  contained  in  the  crystals,  five  and 
a  half  eq.  are  given  off  at  104^,  and  the  remainder  is  retained  until  the  heat 
is  so  high  as  to  decompose  the  salt  itself. 

Ferro-cyanuret  of  Strontium  is  best  prepared  by  digesting  pure  Prussian 
blue  in  a  solution  of  strontia.  This  salt  is  very  soluble,  and  crystallizes  less 
readily  than  the  preceding  in  yellow  crystals.  The  ferro-cyanureU  of  cal- 
cium and  magneiium  are  made  in  a  similar  manner,  and  are  very  soluble  in 
water,  the  latter  being  very  deliquescent  The  former,  when  its  solution  is 
evaporated  to  the  consistence  of  thin  syrup,  and  kept  in  a  warm  place,  crys- 
tallizes in  oblique  four-sided  prisms  of  a  pale  yellow  colour.  The  crystab 
lose  eleven  and  a  half  eq.  of  water  at  104^  without  loss  of  form,  but  retain 
the  residual  half  equivalent  until  the  heat  is  sufficient  to  decompose  the  salt 
itself. 

When  pure  Prussian  blue  is  heated  with  a  solution  of  ammonia,  or  moist 
ferro-cyanuret  of  lead  with  carbonate  of  ammonia,  a  solution  is  obtained 
which  by  spontaneous  evaporation  yields  small  octohedral  crystals  of  a 
straw-yellow  colour.  These  crystals  apparently  consist  of  89.08  parts  or 
two  eq.  of  hydrocyanatc  of  ammonia,  and  54.39  parts  or  one  eq.  of  cyanuret 
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of  iron  combined  with  one  of  water.  When  heated  in  a  glass  tabe  they 
lose  tlieir  water  and  hydrocyanate  of  ammonia,  leaving  cyanuret  of  iron. 
On  heating  the  solution  in  the  open  air,  faydiocyanate  of  ammonia  vola- 
tiiizes,  and  Prussian  blue  is  formed,  oxygen  gas  being  absorbed  from 
the  air. 

Ferro-cyanuret  of  Hydrogen, — This  compound  was  discovered  by  Mr. 
Porrett,  and  described  by  him  under  the  name  of  femtreited  chyazic  acid 
(Phil.  Trans.  1814-1.5),  the  term  chyazic  being  composed  of  the  initials  of 
carbon,  hydrogen,  and  azoto.  It  is  now  better  known  under  the  name  of 
ferroeyanic  or  kydroferrocyanic  acid,  being  regarded  as  a  hydracid  with 
a  compound  radical  analogous  to  hydrosulphocyanic  acid,  a  view  suggested 
by  Gay-Lussac  as  a  deduction  from  the  experiments  of  Robiquet  and  Ber- 
zelius.  (An.  de  Ch.  et  de  Ph.  xv,  xvii,  and  xxii.)  In  fact,  on  referrinjr  to 
its  composition  (page  487),  it  will  be  obvious  that  its  formula  SHCy+IeCy 
admits  of  being  placed  in  the  order  2H-f-FeCy9,  which  represents  a  com- 
pound of  tercyanuret  of  iron  with  two  cq.  of  hydrogen.  The  supposed 
radical,  however,  has  not  been  obtained  in  a  separate  state,  nor  is  its  com- 
position exactly  analogous  to  other  hydracids,  which  contain  one  eq.  of 
hydrogen  combined  with  the  radical;  whereas,  if  regrarded  as  ferro-cyanuret 
of  hydrogen,  it  is  precisely  similar  to  other  ferro-cyanurets,  hydrogen  being 
substituted  for  an  electro-positive  metal.  The  existence  of  similar  double 
cyanurets  of  hydrogen  goes  far  to  establish  the  propriety  of  this  view. 

Two  processes  were  recommended  by  Porrett  for  preparing  this  com- 
pound. The  first  consists  in  dissolving  58  grains  of  crystallized  tartaric 
acid  in  alcohol,  and  mixing  it  with  50_grains  of  ferro-cyanuret  of  potassium 
dissolved  in  tho  smallest  possible  quantity  of  hot  water,  when  bitartrate  of 
potassa  subsides,  and  the  clear  solution,  by  spontaneous  evaporation,  gradu- 
ally deposites  ferro^yanuret  of  hydrogen  in  small  cubic  crystals  of  a  yel- 
low colour,  which  contain  an  undetermined  quantity  of  water  of  crystalliza- 
tion. In  the  second  process  a  solution  of  ferro-cyanuret  of  barium  is  de- 
composed by  a  quantity  of  sulphuric  acid  exactly  sufficient  for  separating 
the  barium  as  sulphate  of  baryta.  Berzelius  recommends  that  moist  forro- 
cyanurct  of  lead  or  copper  should  be  suspended  in  water  and  decomposed  by 
hydrosulphuric  acid,  the  excess  of  the  gas  be  removed  by  a  little  fresh  ferro- 
cyanuret  of  lead,  and  the  liquid  after  filtration  be  evaporated  to  dryness  in 
vacuo  along  with  sulphuric  acid.  An  uncrystalline  white  residue  is  obtained, 
which  contains  one  eq.  of  water,  of  which  it  cannot  be  deprived  by  heat 
without  decomposition.  In  the  process  of  Berzelius  the  hydrogen  is  derived 
from  hydrosulphuric  acid,  the  sulphur  of  which  unites  with  lead ;  while  in 
those  of  Porrett  decomposed  water  supplies  the  hydrogen,  and  its  oxygen 
combines  with  the  potassium  or  barium. 

Ferro-cyanuret  of  hydrogen  is  neither  volatile  nor  poisonous  in  small 
quantities,  is  inodorous,  and  has  an  agreeably  acid  taste  followed  by  slight 
astringcncy.  It  reddens  litmus  paper,  neutralizes  alkalies,  and  dissolves 
the  alkaline  carbonates  with  effervescence,  yielding  ferro- cyanurets  with  the 
metals  of  the  alkalies.  With  a  persalt  of  iron  it  yields  Prussian  blue.  Its 
solution  in  open  vessels  is  gradually  decomposed  by  the  oxygen  of  the  a^r, 
and  Prussian  blue  is  generated,  changes  which  are  hastened  by  the  influp 
ence  of  light  When  its  solution  is  boiled,  hydrocyanic  acid  is  gradually 
disengaged,  and  a  white  precipitate  falls,  which  is  rendered  blue  by  the 
oxygen  of  the  air.  When  the  dry  forro-cyanoret  of  hydrogen  is  distilled, 
it  first  yields  hydrocyanic  acid,  and  then  hydrocyanate  and  carbonate  of 
ammonia,  carburet  of  iron  being  lefL 

FERRO-SESQUICYANURETS. 

Sesquicyanuret  of  iron,  which  has  not  been  obtained  in  a  solid  state,  acts 
the  same  part  towards  the  basic  cyanurets,  as  protocyanurct  of  iron  in  the 
ierro-cyanurets,  and  yields  definite  saline  compounds,  which  may  be  terme<* 
forro*«esquicy«naiet0.    The  principal  oompoonds  of  this  &nuly  are  ' 
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ferrcKieflqaicyanoTets  of  potassium,  sodium,  barium,  calcium,  and  hydrogen, 
all  of  which  yield  crystsls  of  a  red  colour,  are  soluble  in  water,  and  lorm 
Prussian  blue  with  salts  of  the  protoxide  of  iron,  for  which  they  afford  a 
test  of  great  delicacy.  To  the  same  fiunily  belongs  Prussian  blue.  Tbese 
compounds  are  thus  constituted : — 

Names.  Basic  Cyan.  Sesquicy.  Iron.      Eqair.       Formule. 

^^m^^^'^^um  {  ^^^'^  ^  eq.+135.17  1  eq.==331.79  3KCy+Fe«Cy». 
Ditto  ^scSium     149.07  3  eq.  + 135.17  1  cq.=284.24  3XaCy4.Fe«Cj». 
Ditto  of  barium      285.27  3  eq.  + 135.17  1  eq.=420.44  3BaCy+Fe«Cy«. 
Ditto  of  calcium     140.67  3  eq.  + 135.17  1  eq.=275.84  3CaCy+FeaC7". 
Ditto  of  hydrogen    82 17  3  eq.  + 135.17  1  eq.=217.34  3HCy+Fc^-Cy3- 
Ditto  of  iron  163.17  3  eq.  +  270.34  2  eq.=433.51  3FeCy+2Fe«Cy« 

Ferro-^eoquieyanuret  of  Pota»8ium4 — L.  Gmelin,  who  discovered  this 
fiimily  of  salts,  prepares  this  compound  by  transmitting  through  a  rather 
dilute  solution  of  terro-cyanuret  of  potassium  a  current  of  chlorine  gas, 
stirrinfir  the  liquid  continually  to  prevent  an  excess  of  chlorine  in  any  one 
part  of  the  solution.  The  process  is  known  to  be  complete  by  the  aciluUan 
ceasing  to  give  a  blue  precipitate  with  a  persalt  of  iron  which  b  qiute  free 
from  the  protoxide,  or  by  the  liquid,  which  at  first  becomes  green,  appearing 
red  by  transmitted  light,  as  when  held  between  the  eye  and  a  burning  can- 
dle.   The  reaction  of  the  materials  is  such  that 

2  eq.  ferro-cyan.  of  pot    ^     1  eq.  ferro-sesquicyan.  of  potassium 

2(2KCy  +  FeCy)  ^  3KCy  +  Fe2C^3. 

and  1  eq.  chlorine     CI       ^    and  1  eq.  chlo.  of  potassium   K+CI. 

The  ferro-sesquicyanuret  contains  all  the  elementoof  two  eq.  of  the  ferro- 
cyanuret  of  poUssium,  except  one  equivalent  of  potassium  abstracted  by 
the  chlorine;  but  an  excess  of  the  gas  is  to  be  avoided,  as  it  would  speediltr 
decompose  the  ferro-sesquicyanuret  by  virtue  of  the  same  affinity  which 
caused  ite  production.  The  solution  afler  concentration  deposites  acicular 
crystals,  which  by  solution  in  pore  water  and  spontaneous  evaporation  crys- 
tallize in  transparent  anhydrous  prisms  of  a  ruby-red  colour. 

^  The  ferro-sesquicyanuret  of  potassium  is  unchanged  by  exposure  to  the 
air,  and  is  very  sparingly  soluble  in  alcohol.  It  does  not  precipitate  salte  oi 
the  peroxide  of  iron  ;  but  it  indicates  the  presence  of  protoxide  of  iron  dis- 
solved in  90,000  parts  of  water,  striking  a  blue  or  green  prccipitete  accord- 
ing  to  the  strength  of  the  solution.  When  the  crystals  are  heated,  cyanogen 
and  nitrogen  gases  are  disengaged,  and  ferro-cyanuret  of  potassium,  with 
a  little  carburet  of  iron,  is  reproduced. 

The  ferro-sesquicyanurcte  of  sodium,  barium,  and  calcium  are  prepared 
by  a  similar  process  as  the  foregoing  salt,  which  they  resemble  in  pro- 
perties. 

Ferro-oesquieyanuret  of  Hudrogen. — ^When  the  ferro-sesquicyanuret  of 
potassium  is  mixed  with  a  salt  of  protoxide  of  lead,  no  immediate  prccipi- 
tete ensues  ;  but  after  a  time  reddiah-brown  crystals  of  ferro-sesquicyanuret 
of  lead  are  deposited.  *  On  decomposing  these  crystals  with  hydrosulphuric 
acid  gas,  sulphuret  of  lead  and  ferro-sesquicyanuret  of  hydrogen  are  gene- 
rated. The  latter  is  left  as  a  red  solution,  and  crystellizes  by  spontaneous 
evaporation  in  needles  of  a  brownish-yellow  colour.  This  compound  has 
an  acid  teste  and  reaction  like  the  forro-cyanuret  of  hydrogen,  and  ought  to 
be  viewed  as  a  hydracid  if  the  latter  is  so. 

Ferro-eesquicyanuret  of  Iron, — ^This  compound  was  accidentelly  discover- 
ed at  Berlin  in  1710,  from  which,  and  from  ite  beautiful  blue  colour,  it  be- 
came  generally  known  under  the  name  of  Berlin  or  Prusnan  blue.  It  has 
of  late  been  considered  as  a  ferrocyanate  (page  489)  of  the  peroxide  of  iron; 
but  our  improved  knowledge  of  the  haloid  salte  has  caused  Berzelins  to 
f  JiL**  *™°"?  ***•  double  cyanurete :  it  may  be  viewed  as  a  ferro-cyanuret 
ot  tbe  sesquicyanuret  of  iron,  or  as  a  ferro-sesquioyanuret  of  protocyanuret 
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of  iron.  To  its  prodaction,  therefore,  the  protocyanuret  and  sesquicyanaret 
of  iron  are  both  neceaaary.  A  ferro-cyanuret  gives  Prossian  blue  with  a 
salt  of  the  jieroxide  of  iron,  because  by  inteichauge  of  their  elements  ses- 
quicyanuret  of  iron  is  generated:  thus 

^3('2KC^+^F^f^''i     :§     leq.Pn.Bsi«,blue3FeCy+aFe»Cy3. 

Here  tlie  exchange  lies  between  the  peroxide  of  iron  and  c^anuret  of  po- 
tassium, four  eq.  of  iron  taking  the  place  of  six  eq.  of  potassium,  while  six 
eq.  of  potassa  unite  with  the  acid  which  had  been  united  with  two  eq.  of 
peroxide  of  iron.  Protoxide  of  iron  does  not  produce  the  same  effect,  be- 
cause when  it  exchanges  elements  with  cyanuret  of  potassium,  protocyanu- 
ret  and  not  sesquicyanuret  of  iron  is  generated. 

When  the  ferro-sesquicyanuret  of  potassium  (3KCy-t-Fe«Cy3)  is  mixed 
with  a  persalt  of  iron,  Prussian  blue  is  not  generated,  because  an  exchange 
of  elements  between  peroxide  of  iron  and  cyanuret  of  potassium  gives  rise 
to  sesquicyanuret  and  not  protocyanuret  of  iron.  But  if  a  salt  of  the  prot- 
oxide is  present,  then 

''?±;rrf!2(3KCy+Fe.Cy3)         1  ^-f^*""'"  ""  '^'^^ 

potassium    )  ^         ^i:^  ^^y  . 

'^LL'^L^fi  fl^F«-l_n^  "^  6  eq.  of  potassa  6(K+0) 

pi^^xideof  ^  6(Fe+0)  and^3eq.Vroto-cy.of  iron3(Fe-»ICy). 

Here  six  eq.  o£  protocyanuret  of  iron  and  six  eq.  of  potassa  are  generated ; 
the  latter  unite  with  the  acid  previously  combined  with  the  protoxide  of 
iron,  three  out  of  the  six  eq.  of  protocyanuret  of  iron  enter  into  the  forma- 
tion of  Prussian  blue,  and  the  remainder  subsides  along  with  it,  or  is  dis- 
solved if  an  excess  of  acid  bo  present 

To  prepare  pure  Prussian  blue,  add  ierro-cyanoret  of  potassium  to  sul- 
phate of  peroxide  of  iron,  the  latter  being  in  excess  and  acidulated  with  sul- 
phuric acid,  and  both  largely  diluted.  Afler  the  blue  precipitate  has  sub- 
sided, draw  off  the  clear  liquor  with  a  syphon,  fill  up  the  vessel  with  cold 
water  slightly  acidulated  with  sulphuric  acid,  and  after  subsidence  again 
draw  off  the  water.  After  repeating  this  process  several  times,  first  with 
acidulated  and  then  with  pure  water,  dry  the  precipitate  in  a  warm  place. 
It  is  then  obtained  in  small  lumps  of  an  intensely  blue  colour,  with  a  copper- 
red  shine  on  its  surface.  The  necessity  for  careful  washing  arises  from  the 
tendency  of  Prussian  blue  to  combine  as  a  double  salt  wiw  ferro-cyanuret 
of  potassium,  a  tendency  which  is  observable  in  the  ferro-cyanurets  gene- 
rally. Thus,  Mosandcr  finds  that  on  mixing  a  concentrated  solution  of 
ferro-cyanuret  of  potassium  with  a  salt  of  baryta,  lime,  or  magnesia,  com- 
pounds result  which  consist  of  one  eq.  of  fcrro>cyanuret  of  potassium  with 
one  eq.  of  ferro-cyanurets  of  barium,  calcium,  and  magnesium.  In  like  roan- 
ner  does  Prussian  blue  combine  with  ferro-cyanuret  of  potassium,  probably 
in  two  or  more  proportions  depending  on  the  relative  quantities  of  the  mate- 
rials. If  a  persalt  of  iron  is  gradually  mixed  with  a  solution  of  ferro-cyanu- 
ret of  potassium  in  excess,  &e  latter  falls  with  Prussian  blue  as  a  double 
salt,  which  is  insoluble  in  a  saline  fluid,  but  forms  a  blue  solution  with  pure 
water.  Hence,  as  soon  as  the  saline  matters  of  the  solution  are  washed 
away,  the  precipitate  begins  to  dissolve,  and  by  continually  supplying  pure 
water  nearly  the  whole  of  it  is  removed.  From  some  late  experiments  of 
Berzelius  this  soluble  compound  appears  to  consist  of  one  eq.  of  Prussian 
blue  with  one  eq.  of  ferro-cyanuret  of  potassium,  its  formula  being  (2KCy4- 
FeCy)  +  (3FeCyvf  2FeSCy3).  When  the  persalt  of  iron  is  mixed  in  excess 
with  ferro-cyanuret  of  potassium,  some  of  the  latter  still  falls  as  a  double 
■alt,  which,  however,  is  insoluble  even  in  pure  water,  and  contains  a  larger 
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proportional  quantity  of  ProMian  Uae.  On  waahin;  w^th  cold  water  thta 
doable  salt  ia  gradiudly  decomposed  by  atmoapheric  oiygen :  a  portion  of 
proto-cyanuret  of  iron  ia  reaolveid  into  peroxide  and  wsquicyanuret :  the  lat- 
ter unites  with  cyanuret  of  potaaaiura,  and  is  dissolved  as  the  red  ferro> 
aeaquicyanuret,  while  the  peroxide  remains  with  the  Prussian  blue.  (Bcrsc- 
liua  in  An.  de  Ch.  et  de  Ph.  U.  357.) 

Prussian  blue  often  contains  peroxide  of  iron,  perhaps  in  combinaticHi,  as 
well  as  ferro-cyanuret  of  potassium.  An  instance  of  this  has  just  been  men- 
tioned, and  the  same  impurity  always  exists  in  the  Prussian  blue  of  com- 
merce. When  a  protosalt  of  iron  is  precipitated  with  cyanuret  of  potassium, 
the  orange  protocyanuret  quickly  undergoes  the  same  change  as  protochlo- 
ride  of  iron  (page  338) :  the  iron  of  a  portion  of  the  protocyanuret  is  divided 
between  cyanogen  and  oxygen  from  the  air,  forming  sesqoicyannret  and 
peroxide  of  iron,  and  the  former  instantly  unites  with  the  protocyanuret  to 
constitute  Prussian  blue  The  test  for  hydrocyanic  acid  mentioned  at  page 
970,  as  well  as  the  manufacture  of  Prussian  blue,  depends  on  this  change. 
This  pigment  is  prepared  for  the  arts  by  fusing  animal  matters  with  pearl- 
ash  BO  as  to  form  cyanuret  of  potassium,  which  is  mixed  in  solution  with 
rreea  vitriol  and  alnm.  A  dirty  green  precipitate  ensues,  consisting  of 
black  oxide  of  iron,  protocyanuret  of  iron,  and  alumina,  which  by  exposure 
to  the  air  becomes  blue.  Hence  the  Prussian  blue  of  commerce  contains  as 
unpuritiea  hydrated  alumina  and  peroxide  of  iron,  combined  usually  with 
a  little  sulphuric  acid,  and  ferro-cyanuret  of  potassium :  this  foreign  matter 
may  be  removed  by  maceration  in  water  strongly  acidulated  with  sulphuric 
acid,  and  common  Prussian  blue  be  thus  fitted  for  the  preparation  of  lu- 
cyanuret  of  mercury  and  for  other  chemical  purposes. 

Pure  Prussian  blue  is  insipid  and  inodorous,  insoluble  in  water  and  alco- 
hol, and  is  not  decomposed  by  dilute  hydrochloric  or  sulphuric  acids. 
Strong  hydrochloric  acid  abstracts  its  iron,  and  causes  the  separation  of 
ferro-cyanuret  of  hydrogen.  By  nitric  acid  it  is  oxidized  and  decomposed. 
Strong  sulphuric  acid  dissolves  it,  forming  a  white  compound  of  tlie  aspect 
of  gelatinous  starch,  from  which  water  throws  down  Prussian  blue  in  its 
original  state.  Subjected  moist  to  the  action  of  hydrosulphuric  acid,  iron 
filings,  or  powdered  tin,  air  being  excluded,  it  is  reduced  with  loss  of  cyano- 

S>n  to  protocyanuret  of  iron ;  but  it  recovers  its  blue  colour  on  exposure  to 
e  air.  The  alkalies  exchange  elements  with  the  iron  of  the  sesquicyanu- 
ret,  separating  peroxide  of  iron,  and  forming  a  ferro-cyanuret  (page  487). 
Prussian  blue  has  a  strong  affinity  for  moisture,  and  when  dried  to  the  at- 
most  temperature  which  it  can  bear  without  decomposition,  it  still  retains  a 
considerable  quantity  of  combined  water.  By  destructive  distillation  it 
gives  off  water,  hydrocyanate  of  ammonia,  and  carbonate  of  ammonia,  while 
•carburet  of  iron  is  left  in  the  retort 

Z1NCX)XTANURETS. 

li.  Gmelin  obtained  a  double  cyanuret  of  zinc  and  potassium  in  which  the 
zinc  acts  as  iron  in  the  ferro-cyannrcts.  The  zinco-cyanuret  of  potassium  is 
obtained  by  dissolving  cyanuret  of  zinc  in  a  solution  of  cyanuret  of  potas- 
aium,  or  by  dissolving  hydrated  oxide  of  zinc  in  a  solution  of  cyanuret  of 
potassium,  and  neutralizing  with  hydrocyanic  acid.  It  is  said  to  crystallize 
m  large  regular  octohedrons,  which  are  colourless  and  anliydrous.  A  series 
of  zinco-cyanurets  may  doubtless  be  formed,  including  an  acid  zinco-cyanu- 
ret of  hydrogen. 

A  cobalto-cyanurct  of  potassium  may  be  prepared  in  the  same  manner  as 
the  preceding  salt,  and  Gmelin  procured  it  in  yellow  crystals  similar  in  com- 
position and  form  to  ferro-cyanuret  of  potassium.  Gmelin  has  also  obtained 
similar  double  cyanurets  with  nickel  and  copper,  and  his  observations  have 
been  confirmed  by  a  late  pupil  of  mine,  Mr.  F.  Rodgers,  and  his  brother 
(PhiL  Mag.  iv.  96,  for  1834).  From  the  facts  collected  by  these  chemists  it 
IS  obvious  that  the  double  cyanurets  offer  a  wide  field  of  research,  and  that 
Uie  ferro-cyanurets  merely  constitute  one  family  of  a  large  group  of  salts. 


PART  HI. 

ORGANIC  CHEMISTRY. 


Trs  department  of  orgranic  chemistry  comprehends  the  history  of  thoAO 
compounds  which  are  of  animal  or  vegetable  origiUf  and  which  are  hence 
calleid  organic  substances.  These  bodies,  viewed  collectively,  form  a  re- 
markable contrast  with  those  of  the  mineral  kingdom.  Such  substances  in 
generol  are  characterized  by  containing  some  princiiTiIe  peculiar  to  each. 
Thus  the  presence  of  nitrogen  in  nitric,  and  of  sulphur  in  sulphuric  acid, 
establishes  a  wide  distinction  between  these  acids ;  and  although  in  many 
instances  two  or  more  inorganic  bodies  consist  of  the  same  elements,  as  is 
ezempliBed  by  the  compounds  of  sulphur  and  oxygen,  or  of  nitrogen  and 
oxygen,  they  are  always  few  in  number,  and  distinguished  by  a  well-mark^ 
difference  in  the  proportion  in  which  they  are  united.  The  products  of  ani. 
mal  and  ve^table  life,  on  the  contrary,  consist  essentially  of  the  same  ele. 
mentary  principles,  tlie  number  of  which  is  very  limited.  They  are  neacl^ 
all  composed  of  carbon,  hydrogen,  and  oxygen,  in  addition  to  which  some 
of  them  contain  nitrogen.  Besides  these,  portions  of  phosphorus,  sulphur, 
iron,  silicic  acid,  potassa,  lime,  and  other  substances  of  a  like  nature,  may 
sometimes  be  detected;  but  their  quantity  is  exceedingly  minute  when  com- 
pared with  the  principles  above  mentioned.  In  point  or  composition,  there- 
fore, most  organic  substances  difier  only  in  the  proportion  of  their  consti- 
tuents, and  on  this  account  may  not  unfrequently  be  converted  into  ono 
another. 

The  elements  of  organic  bodies  are  united  with  each  other  in  definite 
proportion,  and,  therefore,  the  same  laws  of  combination  which  regulate  tho 
composition  of  mineral  substances,  must  likewise  influence  that  of  organic 
compounds.  In  the  latter,  however,  the  modes  of  combination  are  generally 
of  a  complex  kind.  A  single  molecule  of  a  metallic  oxide  or  a  chloride,  as 
determined  by  its  combining  weight,  consists  of  two  elements,  and  usually 
of  two  or  three  atoms  only.  Thus,  in  an  equivalent  of  potassa,  the  chemist 
has  to  do  with  a  single  equivalent  of  potassium  and  of  oxygen,  between 
which  one  kind  of  combination  only  is  practicable.  In  an  equivalent  of 
sulphorio  acid  there  are  four  atoms,  which  admit  of  three  different  arrange- 

menta;  for  S  and  30  may  be  united  as  S+30,  or  S+20,  or  S  +  0.  But 
hare,  guided  by  the  third  law  of  combination  Cpage  137),  and  bj  the  other 
compounds  of  sulphur  and  oxygen,  chemists  infer  with  confidence  that 
S  +  30  is  the  true  mode  in  which  the  elements  of  that  acid  are  united. 
But  in  organic  compounds  a  single  combining  molecule  is  oflen  made  up  of 
so  many  elementary  particles,  that  one  is  bewildered  by  the  multiplicity  of 
poasible  modes  of  combination.  An  equivalent  of  tartaric  acid  contains 
four  eq.  of  carbon,  two  eq.  of  hydrogen,  and  five  eq.  of  oxygen,  which  it  is 
obvious  may  be  arranged  in  a  variety  of  ways;  and  an  equivalent  of  quinia 
is  composed  of  twenty-one  eq.  of  carbon,  twelve  eq.  of  hydrogen,  ono  eq.  of 
nitrogen,  and  two  eci.  of  oxygen.  The  difficulty  of  assigning  any  one  ar- 
rangement of  so  many  elements  in  preference  to  others  equally  probable,  or 
sometimes  q£  agreeing  on  any  arrangement  which  is  probable,  formerly  led 
chemists  to  suspect  that  the  modes  of  combination  in  organic  and  inorganic 
bodies  were  essentially  distinct  But  the  progress  of  analytical  chemistry 
has  in  a  great  degree  corrected  this  opinion,  and  is  daily  destroying  the  dis- 
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tiacCion  between  theee  two  dum  of  sabetanoes.  Tbe  hie  reaeudiei  of 
liebiff  and  Wohler  oo  the  radical  of  benaoic  acid,  and  thoae  of  DamM  on 
campnene,  have  indiapotablj  eitabliahed  the  ezisteooe  of  compoond  inflam- 
maUe  or  electro-poailive  ■obetaocea,  which  like  cjanogen  are  soaceptifak  of 
uniting  with  oxygen,  chl<»ine,  anlphor,  and  other  energetic  princifdes,  and 
of  being  tranaferred  from  one  to  the  other  without  a  duuge  in  their  own 
ooostitution.  Many  yegetable  snbetanoea  appear  to  conaiat  of  electro-posi- 
tire  compounda  of  carbon  and  hydrogen,  which  in  aome  bodiea  exiat  mere- 
ly aa  ozidee,  and  in  othera  act  as  baaea  in  relation  to  water,  carbonic  oxide, 
carbonic  acid,  or  aimihr  compoanda.  In  the  conatitntion  of  animal  mat. 
tera,  cyanogen  appeara  to  act  an  important  Amctioo,  aa  may  be  inierred 
from  the  hiatorr  of  urea  and  oric  acid. 

When  orgamc  aabatancea  are  heated  to  redneaa  wilh  pore  potaaaa  or  aoda, 
they  invariably  yield  alkaline  carbonatea ;  bat  at  a  temperature  of  aboat 
400^  or  450°,  many  of  them  are  decompoaed  with  formation  of  oxalic  acid. 
Thia  fact  haa  been  noticed  by  Gay-Luaaae,  who  obaerved  it  with  ooCton. 
aaw-dnat,  sugar,  starch,  gum,  sugar  of  milk,  and  tartaric,  citric,  and  mocic 
acida.  The  other  products  of  oourae  vary  with  the  nature  of  the  subatanoe ; 
bat  water  and  acetic  acid  are  generally  formed.  (Quarterly  Journal  of  8d> 
eooe,  N.  &  vi.  413.) 

Organic  substances,  owing  to  the  energetic  aflEmitiea  with  which  their 
elements  are  endowed,  are  very  prone  to  spontaneoua  decomposition.  The 
prevailing  tendency  of  carbon  and  hydro^n  is  to  appropriate  to  themaelvea 
ao  much  oxvgen  as  shall  convert  them  mto  carbonic  acid  and  water:  and 
heiioe,  in  whatever  manner  these  three  elementa  may  be  mutually  combined 
in  a  vegetable  substance,  they  are  always  disposed  to  resolve  themselves 
into  the  compounds  just  mentioned.  If,  at  the  time  this  change  occora, 
there  is  an  insufficient  supply  of  oxvgen  to  oxidize  the  hydrogen  and  carban 
completely,  then,  in  addition  to  carbonic  acid  and  water,  carbonic  oxide  and 
carboretted  hydrogen  gases  will  probably  be  generated.  One  or  both  of 
these  combustible  products  must  in  every  case  be  formed,  except  when  oxy- 
gen is  freely  supplied  from  extraneous  sources ;  because  orgamc  bodiea  are 
so  constitated  that  their  oxygen  is  never  in  suiOicient  quantity  for  convert- 
ing the  Carbon  into  carbonic  acid,  and  the  hydrogen  into  water. 

if  substances  composed  of  oxygen,  hydrogen,  and  carbon,  are  liable  to 
spontaneous  decomposition,  that  tendency  should  become  much  stronger 
when  nitrogen  is  also  present  Other  and  powerful  affinitiea  are  then  super- 
added to  those  above  enumerated,  and  especially  that  of  hydrogen  for  nitro- 
gen. Such  compounds  are  verv  prone  to  decomposition,  and  Uie  usual  pro- 
ducts are  water,  carbonic  acid,  hydrocyanic  acid,  and  ammonia. 

Another  circumstance  which  is  characteristic  of  organic  producta  is  the 
impracticability  of  forming  them  artificially  by  direct  union  of  their  ele- 
menta,  the  tendency  of  those  elements  being  to  unite  so  as  to  form  water 
and  carbonic  acid.  Some  organic  bodies  are  developed  during  the  decompo- 
sition of  others,  as,  for  instance,  oxalic  acid  from  most  substances  when 
digested  in  nitric  acid,  alcohol  from  sugar,  and  acetic  acid  in  the  distillation 
of  wood;  but  these  results  do  not  strictly  form  exceptions  to  the  preceding 
remark. 

Animal  and  vegetable  substances  are  decomposed  by  a  red  heat,  and 
nearly  all  are  partially  affected  by  a  temperature  fkr  below  ignition.  When 
heated  in  the  open  air,  or  with  substances  which  yield  oxygen  freely,  they 
bum,  and  are  converted  into  water  and  carbonic  acid ;  but  if  exposed  to 
heat  in  vessels  from  which  atmospheric  air  is  excluded,  very  complicated 
products  ensue.  A  oompound,  consisting  of  carbon,  hydrogen,  and  oxy^ren, 
yields  water,  carbonic  acid,  carbonic  oxide,  carburetied  hydrogen  of  vanoos 
kinds,  and  probably  pure  hydrogen.  Besides  these  products,  some  acetic 
acid  is  commonly  generated,  together  with  a  volatile  oil  which  has  a  dark 
colour  and  burnt  odour,  and  is  hence  called  empyreumatic  oil.  An  asotiaed 
aubstonce,  in  addition  to  these,  yields  ammonia,  cyanogen,  and  probably 
free  nitrogen. 
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Tram  the  t6t€pnng  remarks,  it  appears  that  organie  prodttcts  are  char- 
aeleriied  by  the  foUowinff  circan]9taiice8:--l8t,  by  being  composed  of  the 
same  elements;  2nd,  by  the  facility  with  which  they  undergo  spontaneous 
decomposition ;  3rd,  by  the  impracticabflity  of  forming  them  by  the  direct 
mnon  of  their  elements ;  and  4tii,  by  being  decomposed  at  a*  red  heat 

VEGETABLE  CHEMISTRY. 

All  bodies  which  are  of- vegetable  origin  are  termed  vegetable  substances. 
They  are  nearly  all  composed  of  oxygen,  hydrogen,  and  carbon,  and  in  a 
ftw  of  them  nitrogen  is  fikewise  present  Every  distinct  compound  which 
exists  ready  formed  in  plants,  is  called  a  proximate  or  immediate  principle 
of  vegetables.  Thus  sugar, '  starch,  and  gum  are  proximate  principles. 
Opium,  though  obtained  from  a  plant,  is  not  a  proximate  principle;  biit 
consists  of  several  proximate  principles  mixed  more  or  less  intimately  with 
eaeh  other. 

The  proximate  principles  of  vegetables  are  sometimes  distributed  over 
the  whole  plant,  while  at  others  they  are  confined  to  a  particular  part  The 
methods  by  which  they  are  procured  are  very  variable.  Thus  gum  exudes 
spontaneously,  and  the  saceharine  juice  of 'the  maple-tree  is  obtained  by  in- 
cisions made  in  the  bark.  In  some  cases  a  particular  principle  is  mixed 
with  such  a  variety  of  others,  that  a  distinct  process  is  required  for  its  sepa- 
ration. Of  such  processes  consists  the  proximate  analyeit  of  vegetables. 
Sometimes  a  substance  is  separated  by  mechanical  means,  as  in  the  prepa- 
ration of  starch.  On  other  occasions,  advantage  is  taken  of  the  volatility  of 
a  compound,  or  of  its  solubility  in  some  particular  menstruum.  Whatevifcr 
method  is  employed*  it  should  be  of  such  a  nature  as  to  occasion  no  change 
in  the  composition  of  the  body  to  be  prepared. 

The  reduction  of  the  proximate  principles  into  their  simplest  parts  cohsti- 
totes  their  itUimate  analyiit.  By  this  means  chemists  ascertain  the  qtiaH- 
tity  of  oxygen,  carbon,  and  hydrogen  present  in  anv  compound.  The' former 
tnethod  of  performing  this  operation  was  by  what  is  termed  destructive  dis- 
filiation  ;  that  is,  by  exposing  the  compotmds  to  a  red  heat  in  close  vesseTs, 
and  collecting  all  the  products.  So  many  different  substances,  however,  are 
procured  in  this  way,  such  as  water,  carbonic  acid,  carbonic  oxide,  carbu- 
retted  hydrogen,  and  the  like,  that  it  is  almost  impossible  to  arrive  at  a  satis- 
faetory  conclusion.  A  more  simple  and  cflbctual  method  was  proposed  by 
Oay.Lussao  and  Thenard  in  the  second  volume  of  their  celebrated  Hs^ 
eherches  Phyaieo-Chimiquee,  The  object  of  their  process,  which  is  applica- 
ble to  the  ultimate  analysis  of  animal  as  well  as  vegetable  substances,  is  to 
convert  the  whole  of  the  carbon  into  carbonic  acid,  and  the  hydrogen  into 
wuter,  by  means  of  some  compound  which  contains  oxygen  in  so  loose  a 
state  of  combination  as  to  give  it  up  to  those  elements  at  a  red  heat 

The  agent  first  employed  by  these  chemists  was  chlorate  of  potassa.  Tbhi 
substance,  however,  is  liable  to  the  objedion,  that  it  not  only  gives  oxygen 
to  the  substance  to  be  analyzed,  but  is  itself  decomposed  by  heat  On  Oils 
account  it  is  now  very  rarely  employed  in  ultimate  analysis,  oxide  of  cop- 
per, proposed  by  Gay-Lussac,  having  been  substituted  for  it  This  oxide,  if 
alone,  may  be  heated  to  whiteness  without  parting  with  oxygen ;  whereas  h 
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quantity  of  oxygen  ^ „ 

bon  and  hydrogen  of  the  substances  submitted  to  examination. 
^  The  ultimate  analysis  of  organic  bodies  is  one  of  the  most  delicate  opera^ 
tions  with  which  the  analytical  chemist  can  be  engaged.  The  chief  cause 
of  uncertainty  in  the  process  arises  from  the  presence  of  moisture,  which  is 
retained  by  some  animal  and  vegetable  substances  with  such  force,  that  it 
can  be  expelled  only  by  a  temperature  which  endangers  the  decomposition 
of  the  compound  itselC  Tlie  best  mode  of  drying  organic  matters  for  the 
purpose,  is  by  confining  them  with  sulphuric  acid  under  the  exhausted  re- 
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ceiver  of  an  air-pump,  andcxpottng  them  at  the  same  time  to  a  tempermtare 
of  21 2°, — a  method  adopted  by  Berzclius,  and  for  which  a  neat  apparatus 
has  been  described  by  Dr.  Prout  (An.  of  PhiL  vi.  372.)  Another  souroe  of 
difficulty  is  occasioned  by  atmospheric  air  within  the  apparatus,  owing  to 
the  presence  of  whidi  nitrogen  may  be  detected  in  the  products,  without 
having  been  contained  in  the  substance  analyzed. 

But  though  the  ultimate  analysis  of  organic  Bubstanoea  is  difficult  in 
practice,  in  theory  it  is  exceedingly  simple.  It  consists  in  mixing  three  or 
four  grains  of  the  body  to  be  analysed  with  about  two  hundred  grains  of 
oxide  of  copper,  heating  the  mixture  to  redoess  in  a  glass  tube,  and  coUecu 
ing  the  gaseous  products  in  a  graduated  glass  jar  over  mercury.  From  the 
quantity  of  carbonic  acid  procured  by  measure,  its  weight  may  readily  be 
inferred  (page  187) ;  and  from  this,  the  quantity  of  carbonaceous  matter 
may  be  calculated,  by  recollecting  that  every  22.12  grains  of  the  acid  coa- 
tain  16  of  oxygen  and  6.12  uf  carbon. 

In  order  to  ascertain  the  quantity  of  hydrogen,  the  gascoua  products  are 
transmitted  through  a  tube  filled  with  fragments  of  fused  chloride  of  cal- 
cium, which  absorbs  all  the  watery  vapour ;  and  by  its  increase  in  weight 
indicates  the  precise  quantity  of  that  fluid  generated.  Every  9  graina  of 
water  thus  collected  correspond  to  1  grain  of  hydrogen  and  8  of  oxygen. 

If  the  quantity  of  oxygen  contained  in  the  carbonic  acid  and  water  cor- 
responds  precisely  to  that  lost  by  the  oxide  of  copper,  it  follows  tliat  the  or- 
ganic  substance  itself  was  free  from  oxygen.  But  if,  on  the  other  hand, 
more  oxygen  exists  in  the  products  than  was  lost  by  the  copper,  it  is  obvioiia 
that  the  difierence  indicates  the  amount  of  oxygen  contained  in  the  subject 
of  analysis. 

If  nitrc^n  enter  into  the  constitution  of  the  organic  substance,  it  will 
pass  over  m  the  gaseous  state,  mixed  with  carbonic  acid ;  and  its  qoantitj 
may  be  ascertained  by  removing  the  carbonic  acid  by  means  of  a  solution  of 
pure  potassa.  In  order  to  prevent  the  production  of  binoxide  of  nitrogen, 
which  is  otherwise  apt  to  be  generated,  the  oxide  should  be  mixed  with 
some  metallic  copper ;  or  the  latter  may  be  placed  on  the  surface  of  the 
oxide,  and  be  kept  at  a  red  heat,  in  order  that  any  oxide  of  nitrogen,  in 
passing  through  the  metallic  mass,  should  be  decomposed.  The  copper  for 
the  purpose  should  be  in  a  state  of  fine  division,  and  is  best  prepared  from 
the  oxide  by  means  of  hydrogen  gas. 

It  need  scarcely  be  observed,  that  if  the  analysis  has  been  successfully 
performed,  the  weight  of  the  different  products^  added  together,  should  make 
up  the  exact  weight  of  the  organic  substance  employed. 

In  analyzing  an  animal  or  vegetable  fluid,  the  foregoing  process  will  re- 
quire  slight  modiflcation.  If  tlie  fluid  is  of  a  flxed  nature,  it  may  be  made 
into  a  paste  with  oxide  of  copper,  and  heated  in  the  usual  manner.  But  if  it 
is  volatile,  a  given  weight  of  its  vapour  is  conducted  over  oxide  of  copper 
heated  to  redness  in  a  glass  lube. 

The  constitution  of  vegetable  substances  is  not  yet  sufficiently  known  to 
admit  of  their  being  classified  in  a  purely  scientific  order.  I  have  arranged 
them  into  seven  sections :  tlie  flrsl  includes  the  vegetable  acids  ;  the  second, 
the  vegetable  alkalies;  the  third  comprises  neutral  substances,  the  oxygen 
and  hydrogen  of  which  are  in  the  same  ratio  as  in  water ;  the  fourth  con- 
tains  oleaginoup,  resinous,  and  bituminous  principles;  the  fifth,  spirituous 
and  ethereal  principles ;  the  sixth,  colouring  matters ;  and  the  seventh  oom« 
prehcnds  substances  not  referable  to  preceding  sections. 
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SECTION  I. 


VEGETABLE  ACIDS. 

Thosk  compoundi  are  regarded  as  vegetable  acida  which  poflseea  the  pro- 
pertiea  of  an  acid,  and  are  peculiarly  the  product  of  vegetation.  These  acids, 
like  all  organic  principles,  are  decomposed  by  a  red  heat  They  are  ia  gene- 
ral less  liable  to  spontaneous  decomposition  than  other  vegetable  substanoea. 
They  are  nearly  all  decomposed  by  concentrated  hot  nitric  acid,  by  which 
they  are  converted  into  carbonic  acid  and  water.  They  do  not  possess  any 
oODsCant  analogy  in  composition.  It  was  thought  at- one  time  that  their  oxy- 
gen was  always  more  than  sufficient  to  convert  all  their  hydrogen  into  water ; 
out  several  acids  are  known  in  which,  as  in  sugar,  the  oxygen  and  hydro- 
gen are  in  the  same  ratio  as  in  water,  and  in  benxoic  acid  the  hydrojjen  is 
aetnally  in  excess.  It  seems,  however,  to  be  true  that  all  vegetable  sub- 
stances are  acid,  which  contain  more  oxygen  than  suffices  to  form  water 
with  their  hydrogen.  The  following  table  exhibits  the  constituents  of  the 
principal  vegetable  acids,  and  wiU  serve  to  show  analogies  of  composition. 
The  lormuUB  merely  express  the  elements  contained  m  an  equivalent  of 
each  acid,  without  indicating  the  order  in  which  they  are  arranged.  The 
composition,  where  not  otherwise  expressed,  indicates  the  anhydrous  acids, 
such  as  they  exist  in  eombination  with  an  alkali :  the  numeral  attached  to  each 
symbol  expresses  the  number  of  equivalents  of  that  element  contained  in  the 
acid. 

Names  of  acids.  Carb.  Hyd.  Oxyg.  Equiv.  FormulsB. 

Oxatto  .  .  .  13J24+  0+24=  36J24    C«Os. 

Do.  sublimed  with  9  parts  or  1  eq.  of  water  es  45^ 

Do.  in  crystals  from  solution  with  27  parts  or  3  eq.  of  waterss63i24 
MelliUo  .  .  .  3448+  0+24==  48.48    C«0«. 

Croconio  .  .  .  30.6  -f  0+32=  62.6      CKM. 

Acetic  24.48+  3+24=  51.48    C4H30». 

Do.  in  crystals  with  9  parts  or  1  eq.  of  water  ss  60.48 

LaoUo  (in  lactate  of  oxide  of  zinc)        36.72+5+40=81.72    C«H«0«. 

Do.  dried  m  vacuo  from  solution  with  9  parts  or  1  eq.  of  water=  90.72 

Do.  sublimed  .  36.72+  4+32=  72.72    C«H«04. 

Kinie  ....  91.8  0-10+80=181.8      CtaHioQio. 

MaUo  ....  24.48-1-  2+32=  58.48    C*H«04. 

Citric    ....  24.48+  2+32^  58.48    C*H«0*. 

Pyrocitrio  .  .  61.2  +  2+24=  87.2      C*oH«Oa. 

Tartaric  .  24.48+  2-H0»  66.48    C^HaO*. 

Dob  in  crystals  with  9  parts  or  1  eq.  of  water         =  75.48 
Raoemic  .  2448+  2+40==  66.48    C«H«0«. 

Do.  in  crystals  with  18  parts  or  2  eq.  of  water       a=  84.48 
Benzoic  .  .  .  85.68+  5+24=114.68    Ci«H*08« 

Da  in  crystals  with  9  parU  or  1  eq.  of  water         =123.68 
Meconic  .  42.84+  2+56=100.84    C7H«07. 

Metameconic    .  .  73.44+  4+80^157.44    CisH«Oin. 

Tannic  (from  catechu)  110.16+  9+64=183.16    CisHSOs. 

(from  gall-nuts)  110.16+  9+96=215.16    CtaHoQi'. 

Gallic  ....  42.84+  3+40=  85.84    CrHsQ', 

Do.  in  crystals  with  9  parts  or  1  eq.  of  water  «  94.84 

PvrogaUic  .  .  36.72+  3+24=  63.72    CmH>*. 

MetsgaUio  73.44+  3+24=100.44    C^'HsOs. 

Ellagic  .  42.84+  2+32«  76.84    C7HiO«. 

Sttooinic  24.48+  ^+24s:  50.48    C«{iH)«. 

42* 
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Namefl  of  acids. 

Garb.  H/d-Ozy^.  Equir. 

Formnha. 

Mocic  . 
Camphoric 
Valerianic 
RoMllic 

36.72-1-  5+64=:l  05.72 
122.4  +16+40=17&4 
61.2  +  9+24=  94i2 
97.92-hl64-32=145.92 

C«HK>'. 
C«>Ht«0». 
CioH»0«. 
CieUieCH. 

* 

Oxalic  *Scid. 

Oxalic  acid  oxista  ready  formed  in  several  plants,  especially  in  the  i 
Melosa  or  common  sorrel,  and  in  the  oxaits  acetoteUa  or  wood  sorrel ;  bat  it 
almost  always  occurs  in  combinstion  either  with  lime  or  potaasa.  These 
plants  contain  binoxalate  of  potassa;  and  the  oxalate  of  lime  has  been  found 
in  large  quantity  by  M.  Braconnot  in  several  species  of  lichen. 

Oxalic  acid  is  easily  made  artificially  by  digesting  augar  in  five  or  ox 
times  its  weicfht  of  nitric  acid,  and  expelling  the  excess  of  that  add  bj  dim' 
tiUation,  until  a  fluid  of  the  consistence  of  syrup  remain  in  the  retort.  The 
residue  in  cooling  yields  crystals  of  oxalic  acid,  the  weight  of  which 
amounts  to  rather  more  than  half  the  quantity  of  the  sugar  employed. 
They  should  be  purified  by  repeated  solution  in  pure  water,  and  re^eryatal* 
lization;  for  they  are  yery  opt  to  retain  traces  of  nitric  acid,  the  odour  of 
which  becomes  obvious  when  the  crystals  are  heated.  In  the  convernon  of 
sugar  into  oxalic  acid,  changes  of  a  very  complicated  nature  ensue,  during 
which  a  large  quantity  of  binoxide  of  nitrogen  with  some  carbonic  acid  is 
disengaged :  water  b  freely  generated  at  the  same  time,  and  a  small  qoan- 
tity  or  malic  and  acetic  acids  is  produced.  As  oxalic  acid  does  not  contain 
any  hydrogen,  and  has  a  smaller  proportional  quantity  of  carbon  than  sugar, 
there  can  oe  no  doubt  that  the  production  of  this  acid  essentially  depend* 
upon  the  sugar  being  deprived  of  all  its  hydrogen  and  a  portion  of  its  car- 
bon by  oxygen  derived  from  the  nitric  acid. 

Many  organic  substances  besides  sugar,  such  as  starch,  gum,  most  of  the 
vegetable  acids,  wool,  hair,  and  silk,  are  converted  into  oxalic  by  the  action 
of  nitric  acid ; — a  circumstance  which  is  explicable  on  the  fact  that  oxalic 
acid  contains  more  oxygen  than  any  other  principle,  whether  of  animal  or 
vegetable  origin.  It  is  alao  generated  by  heating  organic  substances  with 
putassa.   (Pu^494.) 

Oxalic  acid  crystallizes  in  slender,  flattened,  four  and  six-sided  prisms  ter- 
ininated  by  two-sided  summits;  but  their  primary  form  is  an  oblique 
rhombic  prism.  It  has  an  exceedingly  sour  taste,  reddens  Ktmos  paper 
btrongly,  and  forms  neutral  salts  with  alkalies.  The  crystals,  which  consist 
of  one  equivalent  of  real  acid  and  ^hree  of  water,  undergo  no  change  in 
ordinary  states  of  the  air ;  but  when  the  atmosphere  is  very  dry,  or  the 
temperature  slightly  raised,  as  to  10°  or  80^,  partial  efflorescence  ensues, 
and  at  212^  they  lo  e  two  equivalents  of  water,  which  on  exposure  to  the 
air  while  cold  they  soon  recover.  Heated  in  a  tube  to  209°  they  fuse  in 
their  water  of  crystallization,  and  are  hence  soluble  in  boiling  water  with- 
out limit:  at  50^  they  dissolve  in  15.5  times  their  weight  of  water,  and  in 
9.5  times  at  51° ;  but  the  solubility  is  increased  by  the  presence  of  nitric 
acid.  They  are  dissolved  also  by  alcohol,  though  less  freely  Uian  in 
water. 

Oxalic  acid  possesses  considerable  volatility.  Mr.  Faraday  has  shown 
that  a  very  slow  sublimation  of  oxalic  acid  takes  place  at  common  tempe- 
ratures. At  212^  its  vaporization  goes  on  in  appreciable  quantities;  and  at 
33(iP  the  acid,  when  deprived  of  two  equivalents  of  its  water  of  crystallin. 
tion,  sublimes  rapidly,  and  without  any  decomposition.  Tlie  sublimed  acid 
crystallizes  in  transparent  acicular  crystals,  which  contain  one  equivalent  of 
water;  but  by  exposure  to  the  air  they  rapidly  absorb  moisture,  and  become 
opaque.  (An.  of  Phil.  N.  S.  x.  348.)  When  fully  hydrated  oxalic  acid  is 
suddenly  heated  to  about  S00<>,  it  undergoes  decomposition,  and  yields 
wat«r,  carbonic  acid  gas  mixed  with  carbonic  oxide  in  the  ratio  of  6  to  5, 
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and  ibmiic  acid.  To  this  change,  which  has  been  lately  studied  hj  Gaj- 
Lussac,  the  water  of  crystalliTation  essentially  contributes,  the  elements  of 
fbrraic  acid  being  such,  that  it  may  be  considered  a  com  pound  of  two 
equivalents  of  carbonic  oxide  with  one  equivalent  of  water.  The  crystals, 
when  deprived  of  2.3ds  of  their  water,  are  much  more  stable,  not  suffering 
the  same  decomposition  until  the  heat  exceeds  330^,  and  even  then  a  consi- 
derable portion  is  sublimed. 

Oxalic  acid  is  a  powerful  and  rapidly  fatal  poison ;  and  frequent  aocidenta 
have  occurred  from  its  being  sold  and  taken  by  mistake  for  Epsom  salt, 
with  the  appearance  of  which  its  crystals  have  some  resemblance.  These 
substances  may  be  easily  distinguished,  however,  by  the  strong  acidity  of 
oxalic  acid,  which  may  be  tasted  without  danger,  while  sulphate  of  magnesia 
is  quite  neutral,  and  has  a  bitter  saline  taste.  In  cases  of  poisoning  with 
this  acid,  chalk  mixed  with  water  should  be  administered  as  an  antidote,  an 
insoluble  oxalate  being  formed,  which  is  inert  Chalk  was  first  suggested 
for  (his  purpose  by  my  colleague,  Dr.  A.  T.  Thomson ;  and  his  opinion  has 
been  since  fully  confirmed  by  the  experiments  of  Drs.  Christison  and  Coin- 
det,  who  have  recommended  the  use  of  magnesia  with  the  same  intention. 
(Christison  on  Poisons.) 

Oxalic  acid  is  easily  distinguished  from  all  other  acids  by  the  form  of  its 
crystals,  and  by  its  solution  giving  with  lime-water  a  white  precipitate, 
which  is  insoluble  in  an  excess  of  the  acid.  When  the  acid  is  contained  in 
mixed  fluids,  it  may  be  conveniently  precipitated  by  nitrate  of  oxide  of  lead, 
care  being  taken  beforehand  to  neutralize  the  solution  with  a  littlo  carbonate 
of  soda.  The  precipitated  oxalate  of  oxide  of  lead,  after  being  well  washed, 
and  while  yet  moist,  is  suspended  in  water,  and  decomposed  by  a  current  of 
hvdrosulphuric  acid  :  the  clear  Ikjuid  is  poured  off  or  filtered  from  the  sul- 
pharet  of  lead,  and  concentrated  by  evaporation  that  crystals  may  form. 
These  may  be  purified  by  solution  in  pure  water  and  a  second  crystalli- 
zation. 

As  an  equivalent  of  oxalic  acid  contains  two.  eq.  of  carbon  and  three  of 
oxygen,  it  may  be  regarded  either  as  a  direct  compound  of  carbon  and 

oxygeu,  indicated  by  the  formula  C  or  C  03,  or  as  a  compound  of  carbonic 

oxide  and  carbonic  acid,  denoted  by  C+C  The  latter  is  supported  by  the 
fact  observed  by  Dobereiner,  that  oxalic  acid  is  converted  into  carbonic 
oxide  and  carbonic  acid  gases  by  the  action  of  concentrated  sulphuric  acid. 
The  decomposition  takes  place  slowly  at  ^liiP^  and  rapidly  at  230°. 

The  neutral  oxalates  of  protoxides  consist  of  36i24  parts  or  one  eq.  of 
oxalic  and  one  eq.  of  the  base,  the  general  formula  of  such  salts  being 

M+C,  or  M-4-0  (page  152).  Most  of  these  compounds  are  either  insoluble 
or  sparingly  soluble  in  water ;  but  they  are  all  dissolved  by  the  nitric,  and 
also  by  the  hydrochloric  acid,  except  when  the  latter  precipitates  the  base  of 
the  salts.  The  only  oxalates  which  are  remarkable  for  solubility  are  those 
of  potasM,  soda,  lithia,  ammonia,  alumina,  and  peroxide  of  iron. 

A  soluble  oxalate  is  easily  detected  by  addin&f  to  its  solution  a  neutral 
salt  of  lime  or  oxide  of  lead,  when  a  white  oxalate  of  those  bases  will  be 
thrown  down.  On  digesting  the  precipitate  in  a  little  sulphuric  acid,  an  in- 
soluble sulphate  is  formed,  and  the  solution  yields  crystals  of  oxalic  acid  on 
cooling.  AH  insoluble  oxalates,  the  bases  of  which  form  insoluble  com- 
pounds with  sulphuric  acid,  may  be  decomposed  in  a  similar  manner.  Alt 
other  insoluble  oxalates  may  be'  decomposed  by  potassa,  by  which  means  a 
soluble  oxalate  is  procured. 

The  oxalates,  like  all  salts  which  contain  a  vegetable,  acid,  are  decom- 
posed  by  a  red  heat,  a  carbonate  beini^  left,  provided  the  oxide  can  retain 
carboruc  acid  at  the  temperature  which  is  employed.  As  oxalic  acid  is  so 
highly  oxidized,  its  salts  leave  no  diarcoal  when  heated  in  close  vessels. 
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S«Teral  oxilatet  vm  rednoed  to  the  metaUie  tUte»  with  etoliitiaa  of  pore 
cftrbonic  tcid,  when  heated  to  rediMM  in  cloee  ve«eb.  (Pages  348  and  35L.) 
The  peottliar  conatitutioD  of  oxalic  acid  aocounta  for  thb  change;  for  qb9 
equivalent  of  the  acid,  to  be  converted  into  carbonic  acid,  requiiea  pwciiijp 
one  equivaloot  of  oxvgen,  which  ia  the  exact  quantity  oontained  in  the  onlo 
of  a  neutral  protozalate. 

Ojpokteff  ojf  PotafM. — Oxalic  acid  forma  with  pofaaw  three  oompooadBi 
whieh  were  firat  deacribed  by  WoUaaton.  (PhiloB.  Trana.  1808.)  The  firrt 
ia  the  neutral  oxalate,  which  ia  formed  by  neutraliiing  carbonate  of  potnaau 
with  oxalic  acid.  It  cryatalUies  in  oblique  quadrangular  prisma,  which 
have  a  cooling  bitter  taate,  require  about  twice  their  weight  of  water  at  00^ 
fiir  solution,  and  contain  36^  parte  or  one  eq.  of  oxalic  acid,  47.15  or  one 
eq.  of  potaaaa,  and  9  parte  or  one  oq.  of  water.  This  salt  is  much  employed 
M  a  reagent  for  detecting  lime.  The  binoxalate  is  contained  in  sorrel,  and 
may  be  procured  from  mat  plant  by  solulion  and  cryatalliiation.  It  eryn. 
talUxes  readily  in  small  rhomboids,  which  are  leas  soluble  in  water  than  tbm 
neutral  oxalate,  and  oonabt  of  72.48  parte  or  two  eq.  of  acid,  47.15  or  obq 
eq.  of  potaaaa,  and  18  or  two  eq.  of  water.  It  is  oflen  scdd  under  the  name 
of  esieniial  ialt  of  Umont  for  removing  iron  moulds  from  linen ;— «n  cflfeoi 
which  it  produces  by  half  of  ite  acid  uniting  with  the  peroxide  of  iron  and 
Ibrming  a  aoluble  oxalate.  The  quadroxalate  is  the  least  soluble  of  theso 
•alte,  and  ia  formed  by  digeating  the  binoxalate  in  nitric  acid,  by  which  it 
ia  deprived  of  half  of  ite  baae.  The  crystels  consist  of  14436  purto  or  four 
oq.  of  acid,  47.15  or  one  eq.  of  potassa,  and  63  or  seven  eq.  of  water. 

OxaUUe  of  Soda  may  be  made  in  the  aame  manner  as  oxalate  of  potai 
It  likewise  forma  a  binoxalate,  but  no  quadroxalate  ia  known. 

Oxalate  of  Ammonia. — ^This  salt,  prepared  by  neutralising  ammonia  with 
oxalic  acid,  ia  much  uaed  as  a  reagent  It  is  very  solubfo  In  hot  watar, 
and  is  deposited  in  acicular  crystels  when  a  saturated  hot  solution  is  aflow- 
ed  to  cool.  The  crystals  eontein  two  equivalente  of  water.  Dr.  Thomaon 
haa  likewise  deacribed  a  binoxalate  of  ammonia,  which  b  leas  soluble  than 
the  preceding,  and  contains  three  equivalente  of  water. 

During  the  decompoaition  of  oxalate  of  ammonia  by  heat  an  interesting 
compound  is  generated,  which  was  discovered  and  described  by  Doman, 
who  haa  given  it  tlie  name  of  oxalammide  or  oxamide^  compounded  of  the 
worda  oxaiie  and  ammomia.  (An.  de  Ch.  et  do  Ph.  xUv.  1^.)  On  patting 
oxalate  of  ammonia  into  a  retort  and  applying  heat,  the  crystals  at  fost  kso 
water  and  become  opaque;  then  the  salt,  where  directly  in  oonteet  with  the 
hot  glaas,  fuses,  boils,  and  disappears;  and  this  action  goes  on  suceessively 
through  the  maaa,  until,  excepting  traces  of  a  light  carbonaceous  matter, 
the  whole  is  expelled.  During  the  whole  couiM  of  the  distillation  gaa  is 
disengaged :  at  first  ammonia  appears,  then  a  mixture  of  carbonic  acid  and 
carbtmic  oxide,  the  former  of  which  unites  with  the  ammonia,  and  towards 
tbe  close  of  the  process  cyanogen  gas  is  generated.  The  oxaraide,  which 
constitutes  but  a  small  part  of  the  products,  is  fi»und  aa  a  thick  depositc,  of 
a  dirty  white  colour,  in  the  neck  of  the  retort,  and  partly  floating  in  flakes 
in  the  water  of  the  recipient.  It  is  separated  from  adhering  carbonate  of 
ammonia  by  being  well  washed  with  cold  water. 

Oxamidc  ia  insoluble  in  cold  water :  at  212^  it  is  diaoi^ved,  and  is  depo- 
sited unchanged  on  cooling  in  the  form  of  flocks  of  a  dirty  white  colour, 
and  of  a  conmsed  crystalline  appearance.  Heated  gently  ia  an  open  tube  it 
speedily  rises  in  vapour,  and  is  condensed  again  on  the  cold  part  of  the  tube ; 
but  when  aharply  heated  in  a  retort,  it  enters  into  fusion,  and  while  part 
Bubliuies,  another  portion  yields  cyanogen  gas,  and  leaves  a  very  bulky  car- 
bonaceous residue. 

The  elemente  contained  in  oxamide  are  expresaed  by  the  formula  2C-4- 
N4.2H-I.2O.  Nothing  certain  is  known  respecting  the  mode  in  which 
these  elemente  are  arranged ;  but  the  three  following  hypotheses  are  moat 
consistent  with  known  affinities : — it  may  be  a  compound  of 
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Cyanoiren  and  water         ....        (2C-4-N)H-2(H4-0) 
Or  binoxide  of  oiirogron  and  olefiant  ^s  (2H4-^)+(N4-20) 

Or  dinituret  of  hydrogen  and  carbonic  oxide    (2H+N)4-2(C+0). 

'  It  can  scarcely  be  thought  to  contain  cither  oxalic  acid  or  ammonia.  But 
when  boiled  with  a  solution  of  potassa,  ammonia  aAera  short  time  is  evolved, 
and  oxalate  of  potassa  generated ;  and  when  heated  with  a  large  excess  of 
strong  sulphuric  acid,  a  mixture  of  carbonic  oxide  and  carbonic  acid  gases, 
in  the  ratio  to  form  oxalic  acid,  is  evolved,  and  sulphate  of  ammonia  is  pro- 
duced. Under  Uie  influence  of  the  attraction  of  potassa  for  oxalic  acid,  or 
of  sulphuric  acid  for  ammonia,  oJtamide  and  water  interchange  elements ; 
so  that 

1  eq.  oxamide  SC+N+SH+^O     S    1  eq.  oxalic  acid  2C+90 

and  1  eq.  water        H-f-O  -^  and  1  eq.  ammonia         3H+N. 

Oxalate  of  Lime. — ^This  salt,  like  all  the  insoluble  oxalates,  is  easily  pre. 
pared  by  way  of  double  decomposition.  It  is  a  white  finely  divided  powder, 
which  is  remarkable  for  its  extreme  insolubility  in  pure  water.  On  this  ac- 
count a  soluble  oxalate  is  an  exceedingly  delicate  test  for  lime.  It  is  soluble, 
however,  in  hydrochloric  and  nitric  acids.  It  is  composed  of  36.24  parts  or 
one  eq.  of  oxalic  acid,  and  28.5  or  one  eq.  of  lime.  It  may  be  cxpcjsed  to  a 
temperature  of  560^  Without  decomposition,  and  is  then  quite  anhydrous. 
No  binoxalatc  of  lime  is  known. 

This  salt  is  interesting  in  a  pathological  point  of  view,  because  it  is  a  Ae^ 
quent  ingredient  of  urinary  concretions,  being  the  basis  of  what  is  called 
the  mulberry  ealeuluB. 

Oxalate  of  Magnesia  may  be  prepared  by  mixing  oxalate  of  ammonia 
with  a  hot  concentrated  solution  of  sulphate  of  magnesia.  It  is  a  white  pow- 
der, which  is  very  sparingly  soluble  in  water ;  but,  nevertheless,  when  sul- 
phate of  magnesia  is  moderately  diluted  with  cold  water,  oxalate  of  ammonia 
occasions  no  precipitate.  On  this-iact  is  founded  the  best  analytic  process 
for  separating  lime  from  magnesia. 

Oxalate  of  Chromium  and  Potassa.— This  salt  was  discovered  by  my  bro- 
ther during  the  winter  of  1830-31,  by  adding  oxalic  acid  to  a  solution  of 
bichromate  of  potassa  until  effervescence  ceased,  and  then  evaporating.  The 
same  salt  has  been  prepared  independently,  and  by  a  better  process,  by  Dr. 
Gregory,  who  employs  190  parts  of  bichromate  of  potassa,  157.5  of  oxalic 
acid  in  crystals,  and  517.5  of  crystals  of  btnoxalate  of  potassa,  pours  hot  wa- 
ter over  the  materials,  and  when  effervescence  has  ceased  concentrates  very 
considerably.  This  beautiful  salt  crystallizes  in  thin  elongated  prisms, 
which  appear  black  by  reflection,  blue  by  transmitted  light,  and  green  when 
reduced  to  powder :  its  solution  is  green  and  red  at  the  same  time,  except 
by  candlelight,  when  it  is  of  a  pure  red.  Dr.  Gregory  considers  it  a  com- 
pound of  three  eq.  of  oxalic  acid,  two  of  potassa,  one  of  green  oxide  of  chro- 
mium, and  six  of  water. 

MeUitic  Acid. — Thi<t  acid  is  contained  in  the  rare  substance  called  koney- 
stone,  which  is  occasionally  met  with  at  Thuringia  in  Germany.  The  honey- 
stone,  according  to  Klaproth,  is  a  mellitate  of  alumina,  and  on  boiling  it  in 
a  large  quantity  of  water,  the  acid  is  dissolved,  and  the  alumina  subsides. 
On  concentrating  the  solution,  mellitic  acid  is  deposited  in  minute  acicnkr 
crystals.  From  its  rarity  it  has  been  little  studied.  Licbig  and  Wohler 
have  shown  (page  497)  that  it  has  the  same  composition  as  succinic  acid, 
hydrogen  excepted.  (An.  de  Ch.  et  de  Ph.  xliii.  200.) 

Croconic  Acid, — In  the  preparation  of  potassium  from  cream  of  tartar 
(page  294),  the  principal  products  are  potassium  and  carbonic  oxide  gas ; 
but  these  are  accompanied  with  dense  fumes,  which  in  cool  vessels  deposito 
a  gray  flaky  substance.  On  the  addition  of  water  this  matter  becomes  red, 
and  on  exposure  to  the  air  a  reddish-yellow  solution  is  formed,  which  by 
gentle  evaporation  yields  croconate  of  potassa  in  crystals  of  the  same  colour 
AS  the  solution  i  the  residual  liquid  oontaios  bicarbonate  and  oxalate  of  po- 
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tftwa.  In  order  to  tepttrmte  erooonic  acid,  the  cryiltlet  imiified  by  m 
crrstattixation  and  redooed  to  fine  powder,  are  pni  into  abaolute  alooiial,  to 
which  aolphnric  acid  of  specific  gravity  1.78,  in  qnafltity  tnaofficieal  finr 
combining  with  all  the  alkali  of  the  crooonate,  is  added.  The  mixture  is  gen- 
tly  warmed  during  aeveral  hcmra,  and  freqoentij  ahakeo,  until  a  drop  of  the 
oohilion,  mixed  with  chloride  of  barium,  caiiaea  no  tarbiditj.  The  jdlow 
alooholic  tdution  of  croconic  acid  ia  then  aeparated  fit>m  the  aolphate  of 
polaaaa  by  filtration,  and  the  acid  obtained  by  expelling  the  aleoboL  (Gme- 
lin*e  Handbneh.) 

Croconic  acid,  by  eolotion  in  water  and  aponlaneoQB  evaporation,  yielda 
traaaparent  priamatic  cryatala  of  a  yellonv  ooloar,  which  are  inodorooa,  have 
an  acid  aatrineent  taste,  redden  litmus,  and  neutraliie  alkaline  basea.  It 
bean  a  heat  of  212^  without  decomposition,  but  at  a  higher  temperature  it  ia 
deoompoaed,  giving  a  deposite  of  charcoal  A  similar  facility  of  decompoai- 
tion  is  conspicuous  in  all  its  salts :  when,  for  instance,  croconate  of  potaaaa 
ia  heated,  it  takes  fire  at  a  temporatnre  below  ignition,  the  whole  maas 
blaokena,  and  is  fband  to  be  a  mixture  of  charooal  and  carbonate  of  potaaan. 
Aa  it  consists  of  earbon  and  oxygen  in  the  ratio  of  five  oq.  of  carbon  to  lb«T 
eq.  of  oxygen,  its  origin  seems  referable  to  the  deoxidizuig  action  of  polu- 
ainm  on  carbonic  acid  and  carbonic  oxide. 

Acetic  Aeid,    ^ 

Acetic  acid  exists  ready  formed  in  the  aap  of  many  plants,  either  free  or 
combined  with  lime  or  potaaaa :  it  is  generated  during  the  deatiuctive  dis- 
tillation of  vegetable  matter,  and  ia  an  abundant  product  of  the  aeetona  ftr- 
mentation. 

Common  vinegar,  the  acidifying  principle  of  whksh  ia  acetic  add,  ia  i 


•Monly  prepared  in  this  country  by  formentotion  from  an  infoaion  of  ank, 
and  in  France  from  the  same  process  taking  place  in  weak  wine.  Vinagwr, 
thoa  obtained,  is  a  ^ery  impure  acetic  acid,  containing  the  aacdiarine,  mm- 
cilaginous,  glutinous,  and  other  matters  existing  in  the  fluid  from  which  It 
was  preparml.  It  is  separated  from  tbeae  impurities  by  distilktion.  Dietilfed 
▼inegar,  formerly  called  acetmu  acid,  is  real  acetic  add  merety  diluted  witfi 
water,  and  commonly  containinfir  a  email  portion  of  empyreomatio  oil, 
fornMd  during  the  distillation,  and  from  which  it  reodvee  a  peculiar  flavour. 
It  may  be  rendered  stronger  by  exposure  to  cold,  when  a  considerable  patt 
of  the  water  ia  fhnen,  while  the  acid  nmains  liquid. 

The  add  now  generally  employed  for  chemical  purposea  is  prepared  bv 
the  dirtillation  of  wood,  and  is  sold  under  the  name  of  pyrdignevM  acM. 
When  firat  made  it  is  very  impure,  and  of  a  dark  colour,  holding  in  sdution 
tar  and  volatile  oil.  In  this  stete  it  is  mixed  with  chalk,  and  obtained  in  the 
alato  of  aeeUte  of  lime,  which  is  decomposed  by  digestion  with  sulphate 
of  soda :  the  resulting  acetate  of  soda  is  then  fused  at  a  high  temperature, 
insufficient  to  decompose  the  salt,  but  sufficient  to  expel  or  char  the  impuri. 
ties.  The  acetate  of  soda  is  thus  obtained  pore  and  in  crystals,  and  ia  do- 
-oomposed  by  sulphuric  acid. 

Concentrated  acetic  add  is  beat  obtained  by  decomposing  the  aeelalM 
.either  by  aulphuric  acid,  or  in  some  instances  by  heat  A  convenient  pro- 
esas  is  to  distil  acoUte  of  potassa  with  half  ito  wdght  of  concentrated  aul- 
phuric acid,  the  recipient  bdng  kept  cool  by  the  application  of  ice.  ITie 
acid  is  at  first  oonteminated  with  sulphurous  add  ;  but  by  mixing  it  with  a 
little  peroxide  of  manganeae,  and  redistilling,  it  is  rendered  quite  poro.  A 
atrong  acid  may  likewise  be  procored  'firom  aeetete  of  oxide  of  copper  by 
the  sole  action  o£  heat  The  acid  when  firat  collected  has  a  greenish  tfait, 
owing  to  the  presence  cf  copper,  fitmi  which  it  is  freed  by  a  second  distlHli- 
tion.    Pyro-acottc  ether  ia  formed  towards  the  dose  of  the  process. 

Strong  acetic  acid  is  exoeediagly  pungent,  and  even  raises  a  bHator  When 
*^  for  aome  time  in  eontaet  with  the  sMn.  It  has  a  vary  soar  teste  and  «k 
agreeable  raflreshing  odaor.  Ite  acidity  ia  weill<aiarked,aa  itVMldsaalitttNtt 
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ptper  poverfbHf ,  and  fonni  neotnl  nhn  with  tlM  alkaliei.  It  is  i 
ingly  Tolatile,  rising  rapidly  in  ▼apour  at  a  moderate  temperature  witiumt 
m^eegoing  any  change.  Its  Tapoui  is  inflammable,  andbtHrna  with  a  white 
light.  In  its  most  conoentrated  form  it  is  a  definite  compomid  of  one  eqai- 
▼atent  of  water,  and  one  equivalent  of  add ;  and  in  this  state  it  cryBtaOiMa 
when  exposed  to  a  low  temperature,  retaining  its  solidity  until  the  thermci- 
metar  rises  to  50^  F.  It  is  decomposed  by  being,  passed  through  red-hot 
tubes;  but  owing  to  its  volatility,  a  large  quantity  of  it  escapes  decoropo- 


The  only  coriect  mode  of  estimating  the  strength  of  aoetio  acid  is  by  its 
neutralizing  power.  Its  specific  myitv  is  no  criterion,  as  will  appear  from 
the  following  table  (Thomson*g  First  Principles,  voL  ii.  p.  135),  exhibiting 
the  density  of  aeetic  acid  of  difierent  stEengthsr 

Acid.  Water.  Sp.  gr.  at  60^  F. 

1  atom  -f-  1  atom 1.06296 

1^-2 1.07060 

1+3 1.07080 

1  -f.  4 1.07132 

1  -f.  5  .  .  ...  .    1.06820 

1+6 1.06708 

1-4-7 1.06349 

1-4-8 1.05974 

1-4-9 1.05794 

1  4-10 1.05439 

The  acetic  is  distinguished  from  ^ali  other  acids  by  its  flavour,  odour,  and 
volatiUty.  Its  salts,  which  are  called  acetatea,  are  all  sohible  in  hot  and  most 
of  them  in  cold  water,  are  destroyed  by  a  high  temperature,  and  are  decom- 
posed  by  sulphuric  add.  The  neutral  acetates  of  protoxides  consist  of  51.48 
parts  or  one  eq.  of  anhydrous  aoetic  add  and  one  eq.  of  base,  so  that  the  ge- 
neral formula  of  such  salts  is  l^-f-OHaO*,  or  M+A,  A  being  used  as  the 
symbol  of  one  equivalent  of  acetic  ac:d,  and  M  of  any  electro-positive  metal. 
Acetate  cf  Potassa, — This  salt  is  made  by  neutralizing  the  carbonate  with 
acetic  acid,  or  by  decomposing  acetate  of  lime  with  sulphate  of  potassa. 
When  cautiously  evaporated,  it  forms  irregular  crystals,  which  are  obtained 
with  difficulty,  owing  to  the  deliquescent  property  of  the  salt  According  to 
Dr.  Thomson,  the  crystals  are  composed  of  98.6^  parts  or  one  eq.  of  neutral 
acetate  of  potassa,  and  18  or  two  eq.  of  water.  It  is  commonly  prepared  for 
pharmaceutic  purposes  by  evaporating  the  solution  to  dryness,  and  heating 
the  residue  so  as  to  cause  the  igneous  fusion.  On  cooling  it  becomes  a 
white  crystalline  foliated  mass,  which  is  generally  alkaline. 

This  salt  is  highly  soluble  in  water,  and  requires  twice  its  weight  of  boil- 
ingaleobol  for  solution. 

Dr.  Thomson  procured  a  binacetate  by  mixing  aeetic  add  and  carbonate 
of  potassa  in  the  proportion  of  two  equivalents  of  the  former  to  one  of  the 
latter.  On  confining  the  solution  along  with  sulphuric  acid  under  the  ex- 
hausted receiver  of  an  air-pump,  the  binacetate  was  deposited  in  large  trans- 
parent flat  plates.  The  crystals  contain  six  equivalents  of  water,  and  deli- 
quesce rapidly  on  exposure  to  the  air. 

Acetate  cf  Soda  is  prepared  in  large  quantity  by  manufacturers  of  pyro- 
ligneous  acid  by  neutralizing  the  impure,  acid  with  chalk,  and  then  decom- 
posing  the  acetate  of  lime  by  sulphate  of  soda.  It  crystallizes  readily  by 
gentle  evaporation,'  and  its  crystals,  which  are  not  deliquescent,  are  composed 
of  61.48  parts  or  one  eq.  of  acetic  acid,  31.3  parts  or  one  eq.  of  soda,  and  54 
parts  or  six  equivalents  of  water.  (Berzelius  and  Thomson.)  The  form  of 
Its  crystals  is  very  complicated,  and  derived  from  an  oblique  rhombic  prism. 
(Brooke.)  When  heated  to  550c>,  it  is  deprived  of  its  water,  and  undergoes 
the  igneous  fusion  without  parting  with  any  of  its  acid.  At  600^  decompo- 
utieo  takes  place. 
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Acetate  of  soda  is  much  employed  for  the  preparation  of  concentrated 
acetic  acid. 

Acetate  of  Ammonia  is  made  by  oeutralizin|r  the  carbonate  with  acetic 
acid.  It  cryntallizee  with  difficulty  in  consequeoce  of  being  deliquescent  and 
highly  soluble.  It  has  been  long  used  in  medicine  as  a  febrifuge  under  the 
name  of  tpirit  of  Minder  eras. 

The  Acetatee  of  Baryta,  Sirontia,  and  Lime  are  of  little  importance.  The 
former,  which  is  occasionally  employed  as  a  reagent,  crystallizes  in  irregular 
six-sided  prisms  terminated  by  dihedral  summits,  the  primary  fbrra  of  which 
is  a  right  rhomboidal  prism.  The  latter  crystallizes  in  very  slender  acicolar 
crystab  of  a  silky  lustre,  and  is  chiefly  employed  in  the  preparation  of 
acetate  of  soda. 

Acetate  of  Alumina  is  formed  by  addin?  acetate  of  oxide  of  lead  to  snl- 
phato  of  alumina,  when  the  sulphate  of  oxide  of  lead  subsides,  and  acetate  of 
alumina  remains  in  solution.  It  is  used  by  dyers  and  calico  printers  as  m 
basts  or  mordant. 

Acetates  of  Protoxide  of  Lead, — The  neutral  acetate,  long  known  by  the 
names  of  sugar  of  lead  {sacckarum  Saturni)  and  ceruisa  acetoto,  is  made  by 
dissolving  either  the  carbonate  or  litharge  in  distilled  vinegar.  The  solatioin 
has  a  sweet,  succeeded  by  an  astringent  taste,  does  not  redden  litmus  paper, 
and  depositcs  shining  acicular  crystals  b^  evaporation.  When  more  regu. 
larly  crystallized,  it  occurs  in  six-sided  prismatic  crystals,  cleavcable  parallel 
to  the  lateral  and  terminal  planes  of  a  right  rhombic  prism,  which  may  be 
regarded  as  its  primary  form.  (Mr.  Brooke.)  The  crystals  effloresce  slowly 
by  exposure  to  the  air,  and  require  about  four  times  their  weight  of  water  at 
60^  for  solution.  They  consist  of  51.48  parts  or  one  eq.  of  the  acid,  111.6 
parts  or  one  eq.  of  protoxide  of  lead,  and  27  parts  or  three  equivalents  of 
water. 

This  salt  is  partially  decomposed,  with  formation  of  carbonate  of  oxide  of 
load,  by  water  which  contains  carbonic  acid,  or  by  exposure  to  the  air ;  bat 
a  slight  addition  of  acetic  acid  renders  the  solution  quite  clear.  It  is  mnch 
used  in  the  arts,  in  medical  and  surgical  practice  as  a  sedative  and  astrin- 
gent, and  in  chemistry  as  a  reacfcnt 

The  euhacelate,  commonly  called  extractum  Satumi,  is  prepared  by  boil. 
in|r  1  part  of  the  neutral  acetate,  and  2  parts  of  litharge,  deprived  of  carbonic 
acid  by  heat,  with  25  parts  of  water. 

This  salt  is  less  sweet  and  more  soluble  in  water  than  the  neutral  acetate, 
and  has  an  alkaline  reaction.  Thenard  has  obuined  it  by  evaporation  in 
opaque  white  tabular  crystals,  but  it  crystallizes  with  difficulty.  It  is  decoai. 
posed  by  a  current  of  carbonic  acid,  with  production  of  pure  carbonate  of 
oxide  of  lead ;  and  forms  a  turbid  solution,  owing  to  the  formation  of  the 
carbonate,  when  it  is  mixed  with  water  in  which  carbonic  acid  is  present. 
It  consists  of  one  equivalent  of  acid,  and  three  equivalents  of  protoxide  of 
lead,  and  is,  therefore,  a  triacetate.  (Bcrzelius.) 

A  diacetate  may  be  formed  by  boiling  with  water  a  mixture  of  litharge 
and  acetate  of  oxide  of  lead  in  atomic  proportion.  (Thomson.) 

Acetates  of  Protoxide  of  Copper. — These  salts  have  been  carefully  studied 
by  Benelius  and  Phillips.  (An.  of  Phil.  N.  S.  i.  ii.  iv.  and  viii.)  The  neutral 
acetate  may  be  formed  either  by  dissolving  protoxide  of  copper  or  common 
verdigris  in  acetic  acid,  or  by  decomposing  the  sulphate  by  an  equivalent 
quantity  of  acetate  of  oxide  of  lead.  On  evaporation  it  readily  crystallizes  in 
rhombic  oetohedrons  of  a  dark  green  colour,  which  are  soluble  in  20  times 
their  weight  of  cold  water,  in  5  of  boiling  water,  and  in  14  of  boiling  alcoholr 
The  crystals  consist  of  39.6  parts  or  one  eq.  of  the  black  oxide,  51.48  parts 
or  1  eq.  of  acetic  acid,  and  9  parts  or  one  equivalent  of  water. 

When  copper  plates  are  covered  with  a  layer  of  the  neutral  acetate,  made 
into  a  thin  paste  with  water,  and  are  then  exposed  for  about  two  months  to 
a  moist  atmosphere,  a  sub-salt  is  generated,  which  appears  in  crystalline 
blue  scales  and  needles  of  a  silky  lustre.  It  is  a  diacetate,  consisting  of  tiro 
univalents  of  the  black  oxide  and  one  of  scetic  acid,  united  with  six  equiva- 
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lents  of  water.  At  212<>  it  loses  part  or  its  water  and  acquires  a  pretty  f^rreen 
tint  Wlien  freely  mixed  with  water  it  is  converted  into  the  soluble  neutral 
acetate,  and  into  an  insoluble  triacetate.  The  diacetate  is  the  principal  in- 
gredient  of  the  blue-coloured  varieties  of  verdi^rris. 

The  triacetate,  besides  being'  formed  by  the  action  of  water  on  the  diace-  < 
tate,  is  obtained  as  a  light  green  powder  by  digesting  the  hydrated  oxide 
with  the  neutral  acetate.  It  is  also  generated  when  ammonia  is  cautiously 
added  to  a  solution  of  the  neutral  acetate :  in  a  cold  solution  the  precipitate 
is  uncrystalUne  and  of  a  green  colour,  which  by  washing  passes  into  blae*; 
while  in  a  hot  sdotion  the  precipitate  is  granular,  and  of  a  dirty  grayish- 
green  tint  By  tlie  continued  action  of  water,  freely  employed,  it  may  be 
resolved  into  oxide  and.neutral  acetate  of  copper.  It  consists  of  three  equiva- 
lents of  oxide,  one  of  acid,  and  one  and  a  half  of  water. 
^  Another  sub«ilt,  composed  of  three  equivalents  of  oxide,  two  of  acid,  and 
six  of  water,  is  generated  by  adding  to  a  strong  boiling  solution  of  the  neu- 
tral acetate,  a  small  quantity  of  ammonia  insufficient  to  produce  a  perma- 
nent precipitate  of  the  triacetate.  The  sub-salt  in  question,  which  is 
sparingly  soluble  in  cold  water,  separates  on  cooling,  and  should  be  washed 
with  alcohol.  It  is  considered  by  Berzelius  as  the  principal  ingredient  of  the 
green  varieties  of  verdigris. 

The  pigment,  verdigrie,  which  is  a  variable  mixture  of  the  subacetates,  is 
prepared  in  large  quantity  in  the  south  of  France,  by  covering  copper  with 
the  refuse  of  the  grape  aner  the  juice  has  been  extracted  for  making  wine: 
the  saccharine  matter  contained  in  the  husks  furnishes  acetic  acid  by  fermen- 
tation, and  in  four  or  six  weeks  the  plates  acquire  a  coating  of  the  acetate, 
A  purer  and  better  article  is  prep:ired  in  this  country  by  covering  copper 
plates  with  cloth  soaked  in  pyroligneous  acid. 

Acetate  of  Oxide  of  Zinc. — This  salt  may  be  prepared  br  way  of  double 
decomposition  by  mixing  sulphate  of  oxide  of  zinc  with  acetate  of  oxide  of 
lead  in  equivalent  proportions.  When  made  in  this  way,  it  is  very  apt  to 
retain  some  sulphate  of  oxide  of  lead  in  solution.  It  is  obtained  pure  by 
suspending  metallic  unc  in  a  dilute  solution  of  acetate  of  oxide  of  lead, 
until  all  the  lead  is  removed,  or  by  dissolving  oxide  of  zinc  in  acetic  acid. 
This  salt  is  frequently  employed  as  an  astringent  colly rium. 

Acetate  of  Protoxide  of  Mercury* — ^The  only  interesting  compound  of 
mercury  and  acetic  acid  is  the  acetate  of  the  protoxide,  which  is  sometime* 
employed  in  the  practice  of  medicine.  It  is  prepared  by  mixing  crystallized 
protonitrate  of  mercury  with  neutral  acetate  of  potassa  in  the  ratio  of  one 
equivalent  of  each.  If  both  salts  are  dissolved  in  a  considerable  quantity  of 
hot  water,  the  solutions  retain  their  transparency  after  being  mixed ;  but  on 
cooling,  the  acetate  of  protoxide  of  mercury  is  deposited  in  white  scales  of 
a  silky  lustre.  It  is  easily  decomposed ;  and  it  should  be  dried  by  a  very 
gentle  heat,  and  washed  with  cold  water  slightly  acidulated  with  acetic 
acid. 

Lactic  jlcid. 

Lactic  acid,  so  named  from  being  first  noticed  in  sour  milk,  was  disco- 
vered by  Scheele  in  1780,  has  been  detected  by  Berzelius  in  most  of  the 
.  animal  fluids,  and  in  the  beetroot  by  Braconnot,  who  termed  it  nanceic 
acid,  A  suspicion  has  long  existed  of  its  being  acetic  acid,  modified  in  its 
character  by  adhering  organic  matter;  but  the  recent  experiments  of  J.  Gay- 
Lussac  and  Pelouze  have  finally  removed  all  doubt  about  the  existence  of 
lactic  acid.  (An.  do  Ch.  et  de  Ph.  Hi.  410.) 

The  mode  of  preparation,  employed  by  J.  Gay-Lussac  and  Pelouze,  wag 
to  expose  a  largo  quantity  of  the  juice  of  beet-root  to  a  temperature  of  80^ 
for  several  days  in  order  to  establish  a  brisk  fermentation,  and  set  it  at  rest 
Ibr  some  weeks  until  the  fermentation  has  ceased.  The  liquid  is  then  eva- 
porated to  the  consistence  of  syrup,  the  lactic  acid  taken  up  in  alcohol, 
which  separates  a  large  quantity  of  vegetable  matter,  and  the  alcoholic  ex- 
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tnot,  nUamdftd  in  w«tttr,  it  neotnlitBd  bj  ewbooate  of  oside  of  nnc,  hj 
whidk  meuM  additiootl  imporiUes  are  precipitated.  The  soluble  kctate  of 
aside  of  sine  is  obtained  ia  crystals  bj  etaporatioii,  is  then  boiled  with  ank 
Bial  charoosl  freed  from  phosphate  of  lioie,  filtered  while  hot,  and  again 
erjetallind.  The  salt  ia  theo  perfectly  white.  The  oxide  of  sino  is  thrown 
down  by  pure  banrta,  and  the  lactate  of  baryta  decomposed  by  saiphorio 
acid.  If  any  portions  of  the  acid  are  not  quite  white*  they  may  he  ooofert- 
od  into  lactate  of  lime,  purified  by  animal  charcoal,  crystaUiaed,  dissolfod 
in  akohol,  and  lastly  decomposed  by  oxalic  acid.  A  similar  process  applied 
to  milk  after  long  fermentation  sivcs  pure  lactic  acid ;  and  the  same  add 
has  been  extracted  from  rioe  and  from  nnx  vomica. 

When  a  solution  of  lactic  acid  is  concentrated  in  vacuo  with  sulpfaoris 
add,  it  acquires  the  consistence  of  syrup,  has  a  density  of  1.315,  is  ooloar- 
less  and  inodorous,  and  has  an  extremely  add  taste.  It  attracts  moisture 
on  exposure  to  the  air,  dissolves  in  all  proportions  in  water  and  akaobol,  and 
is  soluble  though  to  a  less  degree  in  ether.  When  mixed  with  a  sUxmg 
solution  of  acetate  of  potassa,  acetic  add  is  disengaged,  and  with  a  strong' 
solution  of  the  acetates  of  magnesia  and  oxide  of  zinc,  the  lactates  of  thooe 
bases  subside.     It  yields  no  precipitate  with  baryta,  strontia,  or  lime. 

When  the  syrupy  lactic  acid  is  gradually  heated,  it  becomes  eoloored 
and  yields  inflammaUe  gases,  acetic  add,  a  white  crystalline  sublimate, 
and  a  residue  of  charcoal.  The  sublimed  matter,  freed  from  adhering 
moisture  by  bibulous  paper,  dissolves  freely  in  bdling  alcohd,  and  separatee 
on  cooling  in  white  rhomboidal  tables.  These  crystals  fuse  at  235°,  and 
the  liquid  boils  at  473^,  yielding  an  inflammable  irritating  white  vapour, 
which  crystallizes  as  it  condenses :  it  may  be  vdatilized  repeatedly  without 
the  least  decomposition.  This  sublimed  add,  as  stated  at  page  497,  diffisrs 
from  the  liquid  lactic  acid  in  containing  two  eq.  less  of  water ;  and  though 
when  first  put  into  water  the  crystals  dissolve  slowly,  yet  when  once  in 
sdution  they  possess  all  the  characters  of  the  liquid  add. 

Lactic  add  in  uniting  with  metallic  oxides  carries  into  the  salt  one  eq.  of 
water  or  its  elements,  which  cannot  be  expelled  without  deoompodng  the 
salt  itself.  The  neutral  lactates  of  protoxides  in  their  dryest  state,  and  ez- 
dusive  of  water  of  crystallization,  consist  of  one  eq.  of  the  oxide  and  81.73 
parts  or  one  eq.  of  the  add,  the  general  formula  being  M+C^H^Os  or 
M-f-L.  None  of  the  lactates  hitherto  examined  are  insoluble  in  water. 
The  iactatas  of  baryta,  strontia,  potassa,  soda,  ammonia,  alumina,  and  oxide 
of  lead  are  very  soluble,  and  crysUUize  with  difficulty.  That  of  oxide  of 
silver  is  white  and  crystallizes  in  needles.  The  salt  of  zinc  is  sparingly 
soluble  in  cold  water,  and  crystallizes  from  its  hot  solution  in  four-sided 
prisms,  which  are  insoluble  in  alcohol,  and  contain  four  eq.  of  water  of 
crystallization.  The  lactate  of  magnesia  also  crystallizes  readily,  and  also 
with  four  eq.  of  water. 

Kinic  Acid. 

TTiis  add,  noticed  in  1790  by  Hofinann,  and  studied  in  1806  by  Va«. 

quelin,  exists  m  dnchona  bark  in  combination  with  Ume,  quinia,  and  dn- 

ehonia.    un  evaporating  an  infusion  of  bark  to  the  consistence  of  an  ex- 

?*!•    'r?  t;     .    *^^^®  residue  with  alcohd,  a  visdd  matter  remains,  con- 

!I!fJ!*^.«H  .?u    -^^^V"*®  «<*  mucUaginous  matters.    On  dissolving  it  in 

r»!^^  nl^iL  *I*i."*^  ft®  oonoenUated  soluUon  to  evaporate  spontaneously  in 

IJTliJL  .m?^      ..^*''**«  cryetaUizes  in  rhombic  prisms  with  dihedral 

H^Si^eSm^^  ?**  »*»  rbimboidal  plates.    From  a  sdution  of  this  salf, 

^ZoraU^^wf.°**»«  *«»d'  ^'"^'^  *<^i<*  ^P*"*"*  ^  ^««»««d  crystals 

S„rnffi.  have  h^^^VT^^lPli^"*  <^  de  Cb  lix.).    This  acid  a^  it. 

^An  da  Ch.  et  A^  PK^T.  •'"died  by  Henry  and  Phsson,  Liebig^,  and  Banp. 

tST'add  diould  he      *^  *^'  xlviif  191,  and  11  56).  Banp  recoSimends  that 

Acid.  P'^Pared  from  kinate  of  lime  by  means  of  sulphnrio 
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Kinic  acid  posMsfles  Mtronjg  acidity,  ditsolyefl  in  3^  timet  its  weieht  of  ^ 
"Water  at  48^,  and  in  also  soluble  in  alcohol,  but  appears  to  form  an  ethereal 
compound  with  it    The  crystals  have  a  density  of  1.637,  and  consist  of 
181.8  parts  or  one  eq.  of  the  anhydrous  acid,  and  9  parts  or  one  eq.  of  water. 
When  strongly  heated  it  yields  a  volatile  acid  called  pyrokinic  acid. 

Kinic  acid  forms  very  soluble  compounds  with  the  alkalies,  alkaline 
earths,  and  oxides  of  mercury,  lead,  and  silver.  These  neutral  kinates  are 
so  constituted  that  one  eq.  of  a  protoxide  is  united  with  181.8  parts  or  one 
eq.  of  kinic  acid,  the  general  formula  of  these  salts  being  M-f-d'HioOio 
or  M-|-K.  The  rhombic  crystals  of  kinate  of  lime  contain  ten  eq.  of  water. 
Kinate  of  soda  crystallizes  in  very  fine  siz-sided  prisms  with  four  eq.  of 
water;  that  of  strontia  in  efflorescent  prisms  or  tables  with  teneq.  of  water; 
and  that  of  baryta  with  six  eq.  of  water.  Kinate  of  oxide  of  silver  yields 
by  evaporation  a  white  anhydrous  salt  The  oxides  of  copper  and  lead 
form  with  it  neutral  and  sub-salts. 

Malic  Jlcid. 

This  acid  is  contained  in  most  of  the  acidulous  fruits,  being  frequently 
associated  with  tartaric  and  citric  acids.  Grapes,  currants,  gooseberries, 
and  oranges  contain  it.  Vauquelin  found  it  in  the  tamarind,  mixed  with 
tartaric  and  citric  acids,  and  in  the  bouse-Icek  (tempervivum  tectorum\ 
combined  with  lime.  It  is  contained  in  considerable  quantity  in  apples,  a 
circumstance  to  which  it  owes  its  name.  It  is  almost  the  sole  acidifyinp^ 
principle  of  the  berries  of  the  service-tree  {sorbua  aueuparia)^  in  which  it 
was  detected  by  Mr.  Donovan,  and  described  by  him  under  the  name  of 
aorbie  acid  in  the  Philosophical  Transactions  for  1815;  but  it  was  after- 
wards identified  with  the  malic  acid  by  Braconnot  and  Houton-Labillardidre. 
(An.  de  Ch.  et  dc  Ph.  viii.) 

Mdlic  acid  may  be  formed  by  digesting  su^pir  with  three  times  its  weight 
of  nitric  acid ;  but  the  best  mode  of  procuring  it  is  from  the  berries  of  the 
service-tree.  The  juice  of  the  unripe  berries  is  diluted  with  three  or  four 
parts  of  water,  filtered,  and  belted ;  and  while  boiling,  a  solution  of  acetate 
of  oxide  of  lead  is  added  as  long  as  any  turbidity  appears;  when  the  colour- 
ing matter  of  the  berry  is  precipitated,  while  the  malate  of  that  oxide  re- 
mains in  solution.  The  liquid,  while  at  a  boiling  temperature,  is  then  filter- 
ed. At  first  a  small  quantity  of  dark-coloured  salt  subsides ;  but  on  decani> 
ing  the  hot  solution  into  another  vessel,  the  malate  of  oxide  of  lead  is  gra- 
dually deposited,  in  cooling,  in  groups  of  brilliant  white  crystals.  The 
malate  is  then  decomposed  by  a  quantity  of  dilute  sulphuric  acid,  insuffi- 
cient for  combining  with  all  the  oxide  of  lead ;  by  which  means  a  solution 
is  procured  containing  malic  acid  toffether  with  a  little  lead.  The  latter  is 
afterwards  precipitateid  bv  hydroeulphuric  acid.  The  colouring  matter  is 
more  easily  separated  if  the  juice  is  allowed  to  ferment  for  a  few  days  be- 
fore being  used.  Another  process  has  been  minutely  described' by  Licbigt 
in  order  to  ensure  the  absence  of  citric  and  tartaric  acids  with  which  it  is 
sometimes  associated.  (An.  de  Ch.  et  de  Ph.  Hi.  434.) 

Malic  acid  poraesses  strong  acidity,  and  a  pleasant  flavour  when  diluted. 
It  crystallizes  with  difiiculty,  attracts  moisture  fi-om  the  air,  and  is  very  so- 
luble in  water  and  alcohol.  Its  aqueous  solution  is  decomposed  by  keeping, 
and  it  is  converted  into  the  oxalic  by  digestion  in  strong  nitric  acid.  Heat^ 
in  close  vessels  it  yields  a  volatile  acid  called  pyronudic,  the  properties  of 
which  are  not  yet  known.  From  the  late  analysis  of  Liebig  it  seems  that 
malic  and  citric  acids  are  isomeric. 

Most  of  the  salts  of  malic  acid  are  more  or  less  soluble  in  water.  The 
malates  of  soda  and  potassa  are  deliquescent  The  bimalate  of  ammonia 
crystallizes  very  readily.  The  most  insoluble  of  the  malates  are  those  of  ba. 
ryta,  lime,  and  the  oxides  of  lead  and  silver ;  but  Uiese,  excepting  the  first, 
•re  freely  soluble  in  boiling  water.    These  ialts  are  composed  of  one  eq.  of 
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base  and  56A8  ptiti  or  ooe  eq.  of  add,  the  feneral  fermula  being  lk+ 
OH«0«,  or  M+M.  Pure  malate  of  oxide  of  lead  cryatallixea  in  cooUw 
from  iU  hot  solution  in  small  brilliant  scales  of  extreme  whiteness.  The  sil- 
ver salt  also  crystallizes  from  its  solution  in  boiling  water ;  but  the  liquid 
darkens  from  the  reduction  of  oxide  of  silver. 

Citric  Jlcid. 

This  acid  is  contained  in  many  of  the  acidulous  fruits,  but  exists  in  large 
quantity  in  the  juice  of  the  lime  and  lemon,  from  which  it  is  procored  by  m 
proeess  very  similar  to  that  described  for  preparing  tartaric  acid.  To  any 
quantity  of  lime  or  lemon  juice,  finely  powdered  chalk  is  added  as  long  as 
effervescence  ensues;  and  the  insoluble  citrate  of  lime,  afler  being  well 
washed  with  water,  is  decomposed  by  digestion  in  dilute  sulphuric  acid. 
The  insoluble  sulphate  of  lime  is  separated  by  a  filter,  and  the  citric  acid 
obtained  in  crystals  by  evaporation.  They  are  rendered  quite  pore  by  being- 
dissolved  in  water  and  rccrystallized.  The  proportions  required  in  this  pro- 
cess are  86.98  parts  or  one  eq.  of  dry  citrate  of  lime,  and  49.1  parts  or  ooo 
eq.  of  strong  sulphuric  acid,  which  should  be  diluted  with  about  10  parts  of 
water. 

Citric  acid  crystallizes  in  cooling  from  a  hot  saturated  solution  in  crystab 
which  consists  of  58.48  parts  or  one  eq.  of  the  anhydrous  acid,  and  9  parts 
or  one  eq.  of  water,  their  formula  bein^  H-f-C.  T^ese  crystals  fuse  in  their 
water  at  a  heat  a  little  higher  than  21 2^,  but  without  loss  of  weight  Bj 
spontaneous  evaporation  it  crystallizes  in  large  transparent  rhomboidal 
prisms,  which  differ  from  the  former  in  composition,  their  formula  being 
4H-|-dC :  they  undergo  no  change  in  the  air  at  common  temperatures ;  bat 
at  63^  tliey  effloresce  and  part  with  exactly  half  their  water,  retaining  tlie 
remainder  until  the  heat  is  so  high  that  the  acid  itself  is  destroyed. 

Citric  acid  has  a  strong  sour  taste,  with  an  agreeable  flavoor  when  di- 
luted, reddens  litmus  paper,  and  neatralizcs  alkalies.  In  a  dry  state  it  may 
be  proserved  for  any  length  of  time,  but  the  aqueooa  solution  is  gradually 
decomposed  by  keeping.  The  crystals  are  soluble  in  an  equal  weight  oif 
cold  and  in  half  their  weirht  of  boiling  water,  and  are  also  dissolved  by  doo- 
hol.  It  is  converted  into  the  oxalic  by  digestion  in  nitric  acid. 

Citric  acid  is  characterized  by  its  flavour,  by  the  form  of  its  crystals,  and 
by  forming  an  insoluble  salt  with  lime,  and  a  deliquescent  soluble  one  with 
potaasa.  It  does  not  render  lime-water  turbid  unless  the  latter  is  in  excess, 
snd  fully  saturated  with  lime  in  the  cold. 

Citric  acid  is  employed  in  calico-printing,  and  in  medicinal  and  domestic 
purposes  instead  of  lemon  juice.  Tartaric  acid  is  often  substituted  for  it,  as 
being  similar  in  flavour,  and  less  expensive. 

Of  the  citrates,  those  of  potassa,  soda,  ammonia,  magnesia,  and  oxides  of 
iron  are  soluble  in  water ;  while  those  of  lime,  baryta,  strontia,  and  the 
oxides  of  lead,  mercury,  and  silver  are  very  sparingly  soluble  in  hot  water, 
though  dissolved  by  excess  of  their  own  acid.  They  are  deoomposed  by  sul- 
phuric acid.    No  general  rule  can  be  stated  in  respect  of  their  constitution, 
since,  from  late  observations  of  Berzelius  (An  de  Cb.  et  'de  Ph.  liii.  424),  it 
Appears  that  citric  acid  exhibits  very  unusual  modes  of  combination,  and  is 
prone  to  fbrm  sub-salts  of  a  complex  composition.    Thus,  on  mixing  neutral 
citrate  of  potassa  with  acetate  or  nitrate  of  oxide  of  lead,  it  is  impracticaUs 
^  procure  the  neutral  citrate,  Pb-|-C,  because  it  falls  in  mixture  witli  an. 
*^''er  Bait  the  formula  of  which  is  Pb«C  ♦-f2H,  and  which,  digested  with 
•^*y  <^ilutc  aninionia,  abandoned  its  water  and  half  of  its  acid  forming  the 
^^^  ^tui-^ap      He  obtained  the  neutral  citrate  in  the  purest  state  by  adding 
??  ypohniu  '  lotion  of  citric  acid  to  a  solution  of  acetate  of  oxide  of  lead, 
**^       *hiif  *Sie  precipi**'^  with  alcohol ;  for  water  deprives  it  of  acid,  and 
{J'^^i^  gub-salt    On  digesting  the  neutral  citrate  with  acetate  of 
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oslde  of  lead,  he  obtained  a  dicitrate,  of  which  the  fonnula  b  Sl*b-|-C  He 
found  it  very  difficolt  to  obtain  oeotral  dtratea  of  lime  or  baryta,  as  ther 
both  resolve  theoiaelves  readily  into  acid  and  anb-aalta  of  oomplez  composi- 
tion. The  moet  Uniform  of  the  citrates  is  that  of  oxide  of  silver,  the  neutral 
citrate,  Ag-f-C,  being  readily  obtained  by  double  decomposition. 

Pyryeitric  Acid, — When  the  crystals  of  citric  acid  are  subjected  to  de- 
atructive  distillation,  three  volatile  products  are  obtained,  namely,  a  peculiar 
acid  called  pyrocitric,  water,  and  a  spirituous  matter  which  has  not  been  ex- 
mmined.  Pyrocitric  acid  forms  a  sparingly  soluble  salt  with  oxide  of  lead ; 
but  the  pyrocitrates  generally  have  not  yet  been  studied.  It  appears  to  form 
a  hydrate  with  one  equivalent  of  water. 

Tartaric  jicid. 

This  acid  exists  in  the  juice  of  several  acidulous  fr^ts,  but  it  is  almost 
always  in  combination  with  lime  or  potasea.  It  is  prepared  by  mixing 
cream  of  tartar  and  chalk  in  the  ratio  of  their  equivalents,  189.11  to  50.6«, 
and  boiling  them  in  10  times  their  weight  of  water  for  about  half  an  hour. 
The  carbonic  acid  of  the  chalk  is  displaced  with  effervescence,  one  eq.  of  in- 
soluble tartrate  of  lime  subsides,  and  one  eq.  of  neutral  tartrate  of  potassa  re- 
mains  in  solution.  On  washing  the  former,  and  then  digesting  it,  diffused 
through  a  moderate  portion  of  water,  with  one  equivalent  of  sulphuric  acid, 
the  tartaric  acid  is  set  free ;  and  after  being  separated  from  the  sulphate  of 
lime  by  a  filter,  it  may  be  procured  by  evaporation  in  prismatic  crystals,  the 
primary  form  of  whicn  is  a  right  rhombic  prism. 

Tartaric  acid  has  a  sour  taste,  which  is  very  agreeable  when  diluted  with 
water.  It  reddens  litmus  paper  strongly,  and  forms  with  alkalies  neutral 
salts,  to  which  the  name  of  tartraiet  is  applied.  It  requires  five  or  six  times 
its  weight  of  water  at  60^  for  solution,  and  is  much  more  soluble  in  boiling 
water.  It  is  dissolved  likewise,  though  less  freely,  in  alcohol.  The  aqueous 
solution  is  gradually  decomposed  by  keeping,  and  a  similar  change  is  expe- 
rienced, under  the  same  circumstances,  by  most  of  the  tartrates.  The  crys- 
tals ma  V  be  exposed  to  the  air  without  change.  They  are  converted  into 
the  oxalic  by  digestion  in  nitric  acid. 

Tartaric  acid  cannot  be  deprived  of  its  water  of  crystallization,  except  by 
uniting  with  an  alkaline  base :  on  attempting  to  expel  it  by  heat  the  acid 
fuses,  and  is  decomposed,  yielding,  if  air  is  excluded,  the  usual  products  of 
destructive  distillation,  together  with  a  distinct  acid,  to  which  the  term  pyn^ 
tartaric  acid  is  applied.  A  large  residue  of  charcoal  is  obtained. 

Tartaric  acid  is  distinguished  from  other  acids  by  forming  a  white  pre- 
cipitate, bitartrate  of  potassa,  when  mixed  with  any  of  the  sidts  of  that  id- 
kali.  This  acid,  therefore,  separates  potassa  from  other  acids.  It  oocaaions 
with  lime-water  a  white  precipitate,  which  is  very  soluble  in  an  excess  of 
the  acid. 

Tartaric  acid  is  remarkable  for  its  tendency  to  form  double  salts,  the  pro- 
perties of  which  are  oflen  more  interesting  than  the  simple  salts.  The  most  im- 
portant of  these  double  salts,  and  the  only  ones  which  have  been  much  studied, 
are  those  of  potassa  and  soda,  and  of  oxide  of  antimony  and  potassa.  The 
neutral  tartrates  of  the  alkalies,  of  magnesia,  and  protoxide  of  copper,  are 
soluble  in  water ;  but  most  of  the  tartrates  of  the  other  bases,  and  especially 
those  of  lime,  baryta,  strontia,  and  oxide  of  lead,  are  insoluble.  All  these 
neutral  tartrates,  however,  which  are  insoluble  in  pare  water,  are  soluble  in 
an  excess  of  their  acid.  They  are  decomposed  by  digestion  in  carbonate  of 
potassa ;  and  when  an  acid  is  added  in  excess,  the  bitartrate  of  potassa  is  pre- 
cipitated. All  the  insoluble  tartrates  are  easily  procured  from  neutral  tar- 
trate of  potassa  by  way  of  double  decomposition.  The  neutral  tartrates  of 
protoxides  consist  of  6648  parts  or  one  eq.  of  the  acid,  and  one  eq.  of  base, 
80  that  the  general  formula  is  M+C«H^«,  or  M-f-T. 

2bflra<et  of  PoUmm.— The  neulral  tartraU,  frequently  called  tdMe  ter- 
.    43* 


510  TAATAiaO  AOIB. 

ter,  b  fermed  b^  iie«traliniig  «  Botution  of  tke  bitartrmte  with  oarbonmte  of 
poUMft :  and  it  u  a  prodact  <^  the  operation  above  described  for  making^  tar- 
taric add.  Ita  primary  form  ia  a  right rbomboidal  prism;  but  it  often  occurs 
in  irregular  six^ided  prisms  with  dihedral  sommits.  Its  crystals  are  very 
soluble  in  water,  and  attract  moisture  when  exposed  to  the  air.  Thej  oob- 
aist  of  113.63  parts  or  one  eq.  of  the  neutral  tartrate,  and  18  or  two  eq.  of 
water.  They  i^  rendered  quite  anhydrous  by  a  temperature  not  ezoeedui^ 
248^  F. 

Of  the  hitartraie  an  impure  form,  commonly  known  by  the  name  of  iflrter, 
is  found  encrusted  on  the  sides  and  bottom  of  wine  casks,  a  source  ftooi 
whioh  all  the  tartar  of  commerce  is  derived.  This  salt  exists  in  the  juice  of 
the  grape,  and,  owing  to  its  insolubility  in  alcohol,  is  gradually  deposited 
during  the  vinous  fermentation.  In  its  crude  state  it  is  coloured  by  the  wine 
ftom  which  it  was  procured ;  but  when  purified,  it  is  quite  white,  and  in 
'  this  state  constitutes  the  cream  of  tartar  of  the  shops. 

Bitartrate  of  potassa  is  very  sparingly  soluble  in  water,  requiring  €0 
parts  of  cold  and  14  of  boiling  water  for  solution,  and  is  deposited  from  the 
latter  on  cooling  in  small  crystalline  grains.  Its  crystals  are  commonly 
irregular  six-sided  prisms,  terminated  at  each  extremity  by  six  soriaces; 
and  its  primary  form  is  either  a  right  rectangular,  or  a  right  rhombic  prism. 
It  has  a  sour  taste,  and  distinct  acid  reaction.  It  consists  of  47.15  parts  or 
one  eq.  of  potassa,  132.96  or  two  eq.  of  acid,  and  9  parts  or  one  equivalent 
of  water.  Its  water  of  crystallization  cannot  be  expelled  without  deoom- 
posing  the  salt  itself. 

Bitartrate  of  potassa  is  employed  in  the  formation  of  tartaric  acid  and  all 
the  tartrates.  It  is  likewise  used  in  preparing  pure  carbonate  of  potassa. 
When  exposed  to  a  strong  heat,  it  yields  an  acrid  empyreumatic  oil,  oome 
p3rrotartaric  acid,  together  with  water,  carburetted  hydrogen,  carbonic 
oxide,  and  carbonic  acid,  the  last  of  which  combines  with  the  potasra.  The 
fixed  products  are  carbonate  of  potassa  and  charcoal,  which  may  be  sepa- 
rated from  each  other  by  solution  and  filtration.  When  deflagrated  with 
half  its  weight  of  nitre,  by  which  part  of  the  charcoal  is  consumed,  it 
fbrms  black  flux;  and  when  an  equal  weight  of  nitre  is  used,  so  as  to  oxidise 
all  the  carbon  of  the  tartaric  acid,  a  pure  carbonate  of  potassa,  called  wAtle 
Jlux^  is  procured. 

Tartrate  of  Potassa  and  Soda. — ^Tbis  double  salt,  which  has  been  long 
employed  in  medicine  under  the  name  of  Siegnette  or  RocheUe  salt,  is  pre- 
pared by  neutralizing  bitartrate  of  potassa  with  carbonate  of  soda.  By 
evaporation  it  yields  prismatic  crystals,  the  sides  of  whi<ih  oflen  amount  to 
ten  or  twelve  in  number;  but  the  primary  form,  as  obtained  by  cleavage,  is 
a  right  rhombic  prism.  (Brooke.)  The  crystals  are  soluble  in  five  parts  of 
cold  and  in  a  smaller  quantity  of  boiling  water,  and  are  composed  of  113.63 
parts  or  one  eq.  of  tartrate  of  potassa,  97.78  parts  or  one  eq.  of  tartrate  of 
■oda,  and  72  or  eight  equivalents  of  water. 

^  Tartrate  of  Soda  is  frequently  uwd  as  an  effervescing  draught,  by  dis- 
solving  equal  weights  of  tartaric  acid  and  bicarbonate  of  soda  in  separate 
portions  of  water,  and  then  mixing  the  solutions.  Soda  is  better  adapted 
lor  this  purpose  than  potasso,  because  the  former  has  little  or  no  tendency 
to  form  an  insoluble  bitartrate 

Tartrate  of  Oxide  of  Antimony  and  Potassa, — ^This  compound,  long  cele- 
brated  as  a  medicinal  preparation  under  the  name  of  tartar  emetic,  is  made 
by  boiling  scsqoioxide  of  antimony  with  a  solution  of  bitartrate  of  potassa. 
The  oxide  of  antimony  is  furnished  for  this  purpose  in  various  ways.  Some- 
times the  glass  or  erocvs  of  that  metal  is  employed.  The  Edinburgh  col. 
lege  prepare  an  oxidb  by  deflagrating  sulphuret  of  antimony  with  an  equal 
weight  of  nitre ;  and  the  college  of  Dublin  employ  the  oxy -chloride.  Mr. 
Phillips  recommends  that  100  parts  of  metallic  antimony  in  fine  powder 
ahould  be  boiled  to  dryness  in  an  iron  vessel  with  200  of  sulphuric  acid, 
uid  that  the  residual  subsnlphate,  afler  washing  with  water,  be  boiled  with 
u  oqual  weight  of  cream  of  UrUr.    The  solution  of  the  doable  salt,  how- 
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e<fer  made,  should  be  concentrated  by  evaporation,  and  allowed  to  cool  in 
order  tliat  crystals  may  form. 

Tartar  emetic  yields  crystals,  which  are  transparent  when  first  formed, 
but  become  white  and  opaque  by  exposure  to  the  air.  Its  primary  form  has 
been  correctly  described  by  Mr.  Brooke  as  an  octohedron  with  a  rhombic 
base  (An.  of  Phil.  N.  S.  vi.  40.);  but  the  edges  of  the  base  are  frequently 
replaced  by  planes  which  communicate  a  prismatic  form,  and  its  summits 
arc  generally  formed  with  an  edge  instead  of  a  solid  angle,  which  edge  is 
frequenUy  truncated,  presenting  a  narrow  rectangular  sunace.  It  frequent- 
ly occurs  in  segments,  having  the  outline  of  a  triangular  prism,  a  form 
which  has  deceived  many  into  the  belief,  that  the  tetrahedron  or  regular 
octohedron  is  the  primary  form  of  tartar  emetic.  It  has  a  styptic  metallic 
taste,  reddens  litmus  paper  slightly,  and  is  soluble  in  15  parts  of  water  at 
60S  and  in  3  of  boiling  ¥niter.  Its  aqueous  solution,  like  that  of  all  the 
tartrates,  undergoes  spontaneous  decomposition  by  keeping ;  and  therefore, 
if  kept  in  the  liquid  form,  alcohol  should  be  added  in  order  to  preserve  it 
From  the  analysis  of  Thomson,  Phillips,  and  Wallquist,  it  may  be  consider- 
ed a  compound  of 

1  eq.       1  eq. 

Base.     Acid.      Equiv.     Formuls. 

Tartrate  of  sesquioxide  of  antimony  1535  +66.48=219.68       Sb+Tl 

Tartrate  of  potassa           .        .          47.15 +66.48^=113.63       K+f. 
Water  of  crysUlUzation,  2  eq.         .        .        .        «  18        

351.31  i(KT+*SbT) 

I      +2H. 

Tartar  emetic  is  decomposed  by  many  rea^i^ents.  Thus  alkaline  sob- 
stances,  from  their  superior  attraction  for  tartaric  acid,  separate  the  oxide  of 
antimony.  The  pure  alkalies,  indeed,  and  especially  potassa  and  soda,  pra- 
cipitate  it  imperfectly,  owing  to  their  tendency  to  unite  with  and  dissolve 
the  oxide ;  but  the  alkaline  carbonates  throw  down  the  oxide  much  mon 
completely.  t*ime>water  occasions  a  white  precipitate,  which  is  a  mixture 
of  oxide,  or  tartrate  of  the  oxide,  and  tartrate  of  lime.  The  stronger  acids, 
such  as  the  sulphuric,  nitric,  and  hydrochloric,  cause  a  white  precipitate, 
consisting  of  bitartrato  of  potassa  and  a  subsalt  of  the  oxide  of  antimony. 
Decomposition  is  likewise  effected  by  several  metallic  salts,  the  bases  of 
which  yield  insoluble  compounds  with  tartaric  acid.  Hydrosulphuric  acid 
throws  down  the  orange  sesquisulphurct  of  antimony.  It  is  precipitated  by 
many  vegetable  substances,  especially  by  an  infusion  of  gall-nuts,  and  other 
similar  astringent  solutions,  with  which  it  forms  a  dirty  white  precipitate, 
which  is  a  tannate  of  sesquioxide  of  antimony.  This  combination  is  inert, 
and,  therefore,  a  decoction  of  cinchona  bark  is  recommended  as  an  antidote 
to  tartar  emetic.  Heated  before  the  blowpipe,  metallic  antimony  is  readily 
brought  into  view ;  and  if  decomposed  by  heat  in  close  vessels,  a  very  in- 
flammable pyrophorus  is  formed. 

Racemic  Acid, 

(7Vaii6fnsattre,  w  Aeid  of  Chnpeg  of  the  Germans,) 

This  acid  was  first  noticed  by  Mr.  Kestner,  chemical  manufiicturer  at 
Thann  in  the  Upper  Rhine,  who  met  with  it  in  the  preparation  of  tartaric 
aeid,  with  which  it  is  associated  in  the  juice  of  the  grape.  Kestner,  per- 
ceiving it  to  be  different  from  tartaric  acid,  considered  it  to  be  the  oxalic: 
John  in  1819  declared  it  to  be  distinct  fit)m  both  of  those  acids,  and  termed 
it  aeid  of  the  Vo9ge$;  and  in  1826  Gay-Lossac  and  Walchner,  receiving  a 


619  Btmoio  Aom. 

•apply  from  Kestner,  made  a  careful  examination  of  its  principal  oharactecn. 
(Jour,  de  Ch.  Med.  ii.  335,  and  6melin*a  Handbuch,  it  53.)  An  account  of 
iU  properties  bas  since  been  g-iven  by  Benelius,  who  has  saggcBtcd  for  it 
the  name  of  paratartarie  acid,    (An.  de  Ch.  et  de  Ph.  xlvi.  12d.) 

Raoemic  acid  is  associated  with  tartaric  acid,  apparently  as  a  biraoemate 
of  potaiwa,  in  the  grape  of  the  Upper  Rhine,  and  subsides  during  the  fer- 
mentation of  the  juice  along  with  cream  of  tartar:  it  is  probably  contained 
in  the  juice  of  all  grapes.  It  is  readily  obtained  by  neutralizing  the  cream 
of  tartar  of  that  district  with  carbonate  of  soda,  separating  the  dpuble  tar- 
trate of  poiassa  and  soda  by  crystallisation,  throwing  down  the  racemie 
acid  by  a  salt  of  lime  or  oxide  of  lead,  and  decomposing-  the  precipitate  by 
dilute  sulphuric  acid.  On  concentrating  the  solution,  the  racemie  acid 
crrstallizes,  and  is  thus  completely  separable  from  any  remaining  taitarie 
acid,  the  latter  being  much  more  soluble  in  water  than  the  former. 

The  racemie  and  tartaric  acids,  besides  being  associated  in  nature,  afibrd 
m  most  interesting  instance  of  isomerism.  &y.Lussac  showed  that  th» 
equivalents  of  these  acids  are  represented  by  the  same  nuoiber ;  and  Bener 
Uus  has  not  only  confirmed  this  fact,  but  proved  that  their  composition  ia 
Ukewise  identicaL  There  is  also  a  close  analogy  in  their  chemical  rela- 
tions:—each  forms  insoluble  salts  with  the  same  bases,  as  with  lime,  baryta, 
and  oxide  of  lead;  biracemate  of  potassa  is  a  sparingly  soluble  salt  analo- 
gous to  cream  of  tartar ;  and  with  sesquioxide  of  antimony  the  biracemale 
of  potassa  yields  a  double  salt,  similar  in  many  respects  to  tartar  emetic, 
though  different  in  the  form  of  its  crystals.  Nevertheless,  the  two  acids  are 
essentially  distinct  The  racemie  is  much  less  soluble  than  tartaric  acid; 
the  form  of  its  crystals  is  different,  beinflf  an  oblique  rhombic  prism ;  it  con- 
tains two  equivalents  of  water  of  crystallization,  one  of  which  is  given  out 
at  212^,  and  the  other  when  it  unites  with  alkalies;  and  it  does  not  yield  a 
double  salt  with  potassa  and  soda.  The  raoemate  of  lime,  too,  is  less  solu- 
ble than  the  tartrate,  and  is  but  sparingly  dissolved  by  excess  of  its  acid :  a 
aolution  of  gypsum  is  not  affected  by  tartaric  acid,  whereas  a  little  racemia 
acid  afler  an  interval  of  about  an  hour  causes  turbidity :  racemate  of  lime 
dissolved  in  dilute  hydrochloric  acid  is  almost  immediately  thrown  down  by 
the  addition  of  ammonia;  while  tartrate  of  lime  under  the  same  treatment 
does  not  subside  so  as  to  cause  turbidity,  bnt  after  a  time  slowly  separates 
in  octohcdral  crystals  with  a  square  base,  which  are  found  adhering  to  the 
sides  of  the  glass.  It  thus  appears  that  racemie  and  tartaric  acids  have  the 
aame  atomic  weight,  the  same  composition,  and  in  several  respects  the 
same  chemical  properties;  and  yet  on  closely  investigating  all  their  charac- 
ters, they  are  found  to  be  essentially  distinct  Moreover,  the  diffbrent  ar- 
rangement  of  the  atoms  in  these  two  acids  is  indicated  by  the  difierent 
form  of  similar  combinations. 

Benzoic  Jlcid. 

Benzoic  acid  exists  in  gum  benzoin,  in  storax,  in  the  balsams  of  Peru  and 
Tdu,  and  in  several  other  vegetable  suhsvtanoes.  M.  Vogel  has  detected  it  in 
the  flowers  of  the  trifolium  tnelUoiut  i^ffieinalis.  It  is  found  in  considerabk 
quantity  in  the  urine  of  the  cow  and  other  herbivoroos  animals,  and  is  per. 
haps  derived  from  the  grasses  on  which  they  feed.  It  has  also  been  detected 
in  the  urine  of  children. 

This  acid  is  commonly  extracted  from  gum  benzoin.  One  method  oon- 
aisti  in  heating  the  benzoin  in  an  earthen  pot,  over  which  is  pFaoed  a  cons 
of  paper  to  receive  the  acid  as  it  sublimes ;  but  since  the  product  is  always 
impure,  owing  to  the  presence  of  empyreumatic  oil,  it  is  better  to  extract 
the  acid  by  means  of  an  alkali.  The  usual  process  consists  in  boiling  finely 
powdered  gum  benzoin  in  a  large  quantity  of  water  along  with  lime  or  car- 
bonate of  potassa,  by  which  means  a  benzoaie  is  formed.  To  the  aolution, 
after  being  filtered  and  concentrated  by  evaporation,  hydrochloric  acid  is 
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added,  which  tinitefl  with  the  base,  and  throws  down  the  benzoic  acid.  It  is 
then  dried  by  a  gentle  heat,  and  purified  by  soblimation. 

Benzoic  acid  has  a  sweet  and  aromatic  rather  than  a  sour  taste ;  hot  it 
-reddens  litmus  paper,  and  neutralizes  alkalies.  It  fuses  readily  by  heat,  and 
at  a  temperature  a  little  above  its  point  of  fii8ion,it  is  converted  into  vapour, ' 
emittio^  a  peculiar,  fragrant,  and  highly  characteristic  odour,  and  condens- 
ing on  cool  surfaces  without  change.  When  strongly  heated  it  takes  fire, 
and  burns  with  a  clear  yellow  flame.  It  undergoes  no  change  by  exposure 
to  the  air,  and  is  not  decomposed  by  the  action  even  of  nitric  acid.  It  re- 
quires about  24  parts  of  boiling  water  for  solution,  and  nearly  the  whole  of 
it  is  deposited  on  cooling  in  the  form  of  minute  acicular  crystals  of  a  silky 
lustre.     It  is  very  soluble  in  alcohol,  especially  by  the  aid  of  heat 

Agreeably  to  Uie  late  admirable  researches  of  Liebig  and  Wohler  on  the 
cnl  of  bitter  almonds,  benzoic  acid  most  be  regarded  as  the  oxide  of  a  com- 
pound inflammable  body  which  will  be  treated  of  in  the  third  section, 
and  to  which  they  have  applied  the  name  of  benxule,  composed  of  6en«,  and 
Ckk  matter  or  principle,  Benzule  is  composed  of  85.68  parts  or  fourteen  eq. 
of  carbon,  5  parts  or  five  eq.  of  hydrogen,  and  16  parts  or  two  eq.  of  oxygen* 
its  equivalent  being  106.68.  The  composition  of  benzoic  acid  may  be  thus 
stated,  an  equivalent  being  represented  by  Bz : — (An.  de  Ch.  et  de  Ph.  U. 
873.) 

Anhydrous  benzoic  acid.  Benzule  106.68-|-Oxygen  8^:114.68  Bz+OorAfc 

The  crystallized  acid  contains  one  eq.  of  water,  its  formula  being  6z+A, 
and  it  cannot  be  deprived  of  its  water  by  heat.  Its  water  of  crystallization 
is  also  contained  in  benzoate  of  oxide  of  lead,  t*bBz4-H,  and  is  not  expelled 
by  heat  until  the  salt  itself  is  decomposed.  Benzoate  of  oxide  of  silver  is  an- 
hydrous, its  formula  being  Ag-|-6z :  it  falls  as  a  white  powder  when  nitrate 
of  oxide  of  stiver  is  mixed  in  solution  with  benzoate  of  ammonia,  is  com- 
pletely dissolved  by  boiling  water,  and  is  deposited  on  cooling  in  briUiant 
foliated  crystals. 

The  composition  of  neutral  benzoates  of  protoxides  is  represented  by  the 
general  formula  ftl-|-6z.  Most  of  these  are  soluble  in  water ;  the  most  in- 
soluble are  the  benzoates  of  the  oxides  of  lead,  mercury,  and  silver,  and  per- 
oxide of  irou. 

Meconic  Acid, 

This  acid,  which  derives  its  name  from  M»x«»,  poppy*  has  hitherto  been 
found  only  in  opium,  where  it  exists  in  combmation  with  morphia ;  and  it  is 
best  prepared  from  the  mixed  sulphate  and  meconate  of  lime  obtained  in 
Gregory *s  process  for  hydrochlorate  of  tnorphia.  The  impure  meconate  of 
lime  is  put  into  ten  times  its  weight  of  water  at  200°,  and  hydrochloric  acid 
is  added  until  the  meconate  is  dissolved :  the  solution  is  then  filtered,  and 
on  cooling  deposites  bimeoonate  of  lime  in  the  form  of  light  white  scaly  or 
acicular  crystals.  These  are  again  dissolved  by  hot  dilute  hydrochloric  add 
as  before,  in  order  to  separate  the  remainder  of  the  lime ;  and  on  cooling 
crystals  of  meconic  acid  subside.  If  they  leave  a  residue  after  caidnatioo, 
they  should  be  again  dissolved  in  acid  and  re-crystallized.  To  procure  the 
licid  quite  white,  it  is  saturated  with  potassa  diluted  with  the  smallest  quan- 
tity  of  water  required  by  the  aid  of  heat  to  dissolve  the  meconate,  and  when 
cx>ld  the  fluid  part,  which  retains  the  colouring  matter,  is  separated  from  the 
crystals  by  filtration  and  pressure  in  doth  or  bibulous  paper.  The  meconate 
of  potassa  is  then  decomposed  in  the  same  way  as  the  meconate  of  lime, 
when  meconic  acid  is  obtained  perfectly  white  and  in  transparent  micaoeoos 
scales. 

Meconic  add  has  an  acid  taste  and  reaction,  and  is  sduble  both  in  alcob 
hoi  and  water,  requirmg  only  fbxa  times  its  weight  of  boiling  water  for  so- 
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lution.  The  crrrtals  m  vmchmngeA  in  the  air,  but  when  heated  to  912* 
they  become  quite  opeqae  and  loee  21^  per  cent  of  water  of  crystallization, 
being  27  parts  or  three  eq.  to  100.84  parts  or  one  eq.  of  the  anhydroas  acid. 
They  still  oontinoe  ineconic  acid  even  when  heated  to  348°;  but  if  bcHied  in 
water  carbonic  acid  gu  is  diaenga^,  the  liquid  becomes  brown,  meoooic 
teid  disappeara,  and  roetameconic  acid  is  generated. 

Meconic  acid  is  remarkable  for  forming  with  persalts  of  iron  a  parple- 
led  colour,  which  affords  a  gooi^tcst  for  the  acid  whether  free  or  combined, 
and  detects  meconic  acid  in  solutions  of  opium,  when  the  morphia  combined 
with  it  could  not  be  discovered ;  the  colour  is  very  like  that  produced  by  by- 
drosulphocvanic  acid.  Meconic  acid  forms  insoluble  white  salts  with  lime, 
baryta,  and  the  oxidee  of  lead  and  silver,  whioh  are  soluble  in  nitric  acid.  It 
is  very  prone  to  form  biiialts,  as  the  bimeconate  of  pcitassa  and  lime,  which  are 
of  sparing  solubility.  The  meoonateof  oxide  of  silver  consists  of  116  parts  or 
OD^  eq.  of  that  base  and  100.84  parts  or  one  eq.  of  meconic  acid,  its  fbrmolB 
being  Ag-|-C7HH>7.  The  neutral  meoonates  of  protoxides  are  analogous  in 
composition. 

Meiameconic  ^cid. 

Robtquet,  who  has  described  the  preparation  and  properties  of  meoonic 
•cid,  also  observed  its  conversion  into  metameconic  acid  by  boiling  iCa 
aqueous  solution ;  and  Liebig,  by  his  skilful  analysis  of  both  acids,  has  proved 
(An.  de  Ch.  et  de  Ph.  U.  241  and  liv.  26)  that 

S  eq.  of  meconic  acid    )  ^  i  j  S    1  eq.  of  metameconic  acid  I2C«}-4H'|-10O 
2c7C-h2H-|-70)        ]y^^^)    and  2  cq.  carbonic  acid         2(C-|-20). 

The  brown  matter  formed  when  a  solution  of  meconic  acid  is  boiled,  and 
which  adherea  to  the  acid,  does  not  seem  essential  to  the  change,  since  ii 
takes  place  in  a  very  slight  degree  when  a  meconate  is  boiled  with  hydio- 
ohloric  acid,  the  resulting  metameconic  acid  being  then  nearly  oolourleaa. 

Metameconic  acid  is  soluble  in  16  tiroes  its  weight  of  boiling  water,  and 
separates  on  cooling  in  anhydrous  hard  crystalline  grains,  wholly  diflBereot 
from  meconic  acid.  It  reddens  persalts  of  iron,  but  its  other  properties  havs 
not  yet  been  studied. 

When  anhydrous  meconic  acid  is  distilled,  it  yields  anoong  other  products 
a  crystalline  sublimate,  which  till  lately  was  regarded  as  pure  meconic  add, 
though  in  reality  it  is  not  so.  It  reddens  persalts  of  iron;  but  whether  it  is 
metameconic  acid,  or  some  other  compound,  haslnot  been  determined. 

Tannic  Jlcid  ( Tannin. ) 

Tfas  substance  exists  in  an  impure  state  in  the  excrescences  of  several 
species  of  oak,  caUed  gall-nuts ;  in  the  bark  of  most  trees ;  in  some  inspis- 
■ated  juices,  such  as  kino  and  catechu ;  in  the  leaves  of  tlie  tea-plant,  so- 
mach,  and  whortleberry  (uva  ursa),  and  in  astringent  plants  generally,  be- 
ing  the  chief  cause  of  the  astringency  of  vegetable  matter.  It  is  frequently 
associated  with  gallic  acid,  as  in  gall-nuts,  in  most  kinds  of  bark,  and  ia 
tea ;  but  in  kino,  catechu,  and  cinchona  bark,  little  or  no  gallic  acid  ia 
present 

Several  processes  are  recommended  for  the  preparation  of  tannic  add 
Thus,  it  may  be  predpitated  from  a  solution  of  gall-nuts  by  chloride  of  tm, 
and  the  precipitate  after  washing  be  decomposed  by  hydrosulphuric  add; 
or  it  may  be  thrown  down  by  concentrated  sulphuric  acid  in  the  cold,  and 
the  precipitate,  when  dried  in  folds  of  bibulous  paper,  be  decomposed  by  di* 

Ction  with  carbonate  of  oxide  of  lead.  But  in  these  and  similar  processes 
tannic  acid,  which  is  very  prone  to  change,  is  more  or  less  modified 
in  its  character;  and,  therefore,  the  process  wiUi  ether  lately  recommended 
by  Palooae  is  preferable.  (An.  de  Ch.  et  de  Ph.  liv.  337.)    The  lower  aper- 
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tore  of  an  elongited  iiurro#  ghm  vemel  if  lootdy  damd  hy  a  piecie  of 
linen ;  on  this  is  laid  aome  ffall-nnta  in  fine  powder,  which  is  ^^tly  pressed 
together,  and  then  snlphunc  ether  is  ponreid  upon  the  powder :  the  upper 

rture  is  closed  hjrva  stopper  to  pretent  loss  of  ether  by  evaporation,  and 
apparatus  fixed  in  the  mouth  of  a  bottle,  which  receives  the  ether  as  it 
slowly  percolates  through  the  powder.  It  appears  that  the  small  quantity  of 
water  contained  in  ether  as  sold  in  the  shops,  combines  with  tannic  acid  to 
the  exclusion  of  the  other  ingredients  of  the  gall-nuts,  and  forms  a  saturated 
aqueous  solution,  which  collects  as  a  distinct  stratum  below  the  ether.  AAer 
exhausting  the  gall-nuts  by  repeated  portions  of  ether,  the  ethereal  part  is 
drawn  off  and  purified  by  distillation,  and  the  aqueous  solution  of  tanni« 
acid,  afler  being  washed  with  ether,  is  evaporated  to  dryness  at  a  very  gen* 
tie  heat  or  in  vacuo  with  sulphuric  acid.  The  tannic  acid  is  left  as  a  uni- 
fi>rm  spongy  mass,  not  crystallized,  either  quite  white  or  with  a  slightly 
yeUow  tint.  Its  quantity  varies  fi>om  35  to  40  per  cent  of  the  gall-nuts  em- 
ployed. 

Pure  tannic  acid  is  colourless  and  inodorous,  has  a  purely  astringent 
taste  without  bitterness,  and  may  be  preserved  without  chan^  in  the  solid 
state.  It  is  very  soluble  in  water,  and  the  solution  reddens  litmus,  and  de» 
composes  alkaline  carbonates  with  effervescence,  thus  leaving  no  doubt  of 
its  acidity.  Alcohol  and  ether  also  dissolve  tannic  acid,  but  more  sparingly 
than  water,  especially  when  anhydrous.  Solutions  of  tannic  acid  do  not 
affect  pure  protosalts  of  iron,  but  strike  a  deep  blue  precipitate  with  the 
perssltB :  a  strong  solution  of  it  yields  a  copioas  white  precipitate  with  the 
sulphuric,  nitric,  hydrochloric,  phosphoric,  and  arsenic  acids,  but  none  with 
the  oxalic,  tartaric,  lactic,  acetic,  citric,  succinic,  and  selcnious  acids.  It  is 
precipitated  also  by  the  carbonates  of  potassa  and  ammonia,  by  the  alkalins 
earths,  alumina,  and  many  solutions  of  the  second  class  of  metals.  With 
cincbonia,  quinia,  brucia,  strychnia,  codeia,  narcotina,  and  morphia,  it  yields 
white  tannates,  which  are  sparingly  soluble  in  pure  water,  but  are  dissolved 
readily  by  acetic  acid.    By  digestion  with  nitric  acid  it  yields  oxalic  acid. 

A  solution  of  tannic  acid  may  be  preserved  without  change,  provided  it 
be  excluded  from  oxygen  gas;  but  in  open  vessels  it  gradually  absorbs  oxy- 
ren,  an. equal  volume  of  carbonic  acid  is  evolved,  it  becomes  turbid,  and 
deposites  a  crystalline  matter  of  a  gray  colour,  nearly  all  of  which  is  gallia 
acid.  After  digestion  with  a  little  animal  charcoal,  the  gallic  acid  is  perfect- 
ly white  and  pure.  There  is  no  doubt,  therefore,  of  the  conversion  of  tannic 
into  gallic  acid. 

Tannic  acid  is  distinguished  from  all  substances,  except  gallic  acid,  by 
fiyrming  a  deep  blue  precipitate  with  persalts  of  iron,  which  is  the  basis  of 
writing-ink  and  the  black  dyes ;  and  from  gallic  acid,'by  yielding  with  a 
solution  of  gelatin  a  white  flaky  precipitate,  which  is  soluble  in  a  soluUon  oi 
gelatin,  but  insoluble  in  water  and  gallic  acid.  This  substance,  to  which 
the  name  of  ianno-gelatin  has  been  applied,  is  the  basis  of  leather,  being 
always  formed  when  skins  are  macerated  in  an  infusion  of  bark.  When 
dried  it  becomes  hard  and  tough,  and  resists  putrefaction.  lis  composition 
is  apt  to  vary,  according  to  the  relative  quantities  of  the  materials  used  in 
its  rormation ;  but  if  the  gelatin  is  in  slight  excess  only,  the  resulting  com- 
pound contains  54  per  oent.  of  tannic  acid.  This  acid  cannot  be  so  whoUy 
separated  by  gelatin,  that  the  remaining  solution  shall  not  be  affected  by  a 
persalt  of  iron;  but  Pelouze  finds  that  every  trace  of  it  is  removed  1^  a 
piece  of  skin  previously  cleansed  by  lime  as  in  the  manufiicture  of  leather, 
leaving  any  gallic  acid  which  may  have  been  present 

From  the  experiments  of  Davy,  it  appears  that  the  inner  cortical  layers 
of  bark  are  the  richest  in  tannic  acid.  Its  quantity  is  greatest  in  early 
spring  when  the  buds  begin  to  open,  and  smallest  during  winter.  Of  a& 
ttie  varieties  of  bark  which  he  examined,  that  of  the  oak  contains  the  largest 
quantity  of  tannic  acid. 

Tannic  acid  dried  at  340^  is  anhydrous,  such  as  it  exists  in  the  white 
tannate  of  oxide  of  lead  when  dried  at  349>.    Pelmiis  found  thu  salt  to 
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Qonbt  of  11L6  parts  or  one  aq.  of  protoiide  of  lead,  and  915.16  parts  or 
one  eq.  of  tannic  acid,  its  foriniila  being  h>-|-Tn.  The  other  tannatfis  of 
protoxides  have  most  probaUj  a  aimilar  composition.  The  white  tannafe 
of  sesquiozide  of  antimony  and  the  blue  tannate  of  peroxide  of  iron  are 
thus  constituted: — 

Base.     Acid.     Eqniv.    Formufae. 

Tannate  of  sesqoioz.  of  antimony     153.3 + 645.48»798.68    ^4-3Tn. 

Tannate  of  peroxide  of  iron     .  80    +645.48^^725.48    Fe+3lSi. 

The  Tarious  kinds  of  tannic  acid  obtained  from  cinchona  bark,  kino,  and 
other  sources,  correspond  in  most  respects  with  that  above  described ;  but 
at  the  same  time  some  difference  is  observable,  some  kinds  striking  a  green 
instead  of  a  deep  blue  colour  with  the  persalts  of  iron.  The  tannic  acid 
irom  catechu  is  less  highly  oxidized  than  that  from  gall  nuts  (page  496). 

Artificial  Tannic  Acid, — ^This  eubstance  was  discovered  by  Mr.  Hatchett, 
and  is  best  prepared  by  the  action  of  nitric  acid  on  charcoal  (Phil.  Trans. 
1805.6).  For  this  purpose  100  grains  of  charcoal  in  fine  powder  are  digest- 
ed  in  an  ounce  of  nitric  acid,  of  density  1.4,  diluted  with  two  ounces  of 
water,  with  a  gentle  heat  until  the  charcoal  is  dissolved.  The  reddish- 
brown  solution  is  then  evaporated  to  dryness,  in  order  to  expel  the  nitric 
acid,  the  temperature  being  carefully  r(;gulated  towards  the  close  of  the 
process,  so  that  the  product  may  not  be  decomposed. 

Artificial  tannic  acid  is  a  brown  fusible  substance  of  a  resinous  fracture, 
astringent  taste,  and  acid  reaction.  It  is  soluble  even  in  cold  water  and  in 
alcoh(3.  With  a  salt  of  iron  and  solution  of  gelatin  it  acts  precisely  in  the 
same  manner  as  natural  tannic  acid.  It  diners,  however,  firom  that  sub- 
stance in  not  being  decomposed  by  the  action  of  strong  nitric  acid. 

Artificial  tannic  acid  may  be  prepared  in  several  ways.  Thus  it  is  gene- 
rated by  the  action  of  nitric  acid,  both  on  animal  or  vegetable  charcoal,  and 
on  pit<coal,  asphaltum,  jet,  indigo,  common  resin,  and  several  other  resinoos 
substances.  It  is  also  procured  by  treating  common  resin,  elemi,  assa- 
foetida,  camphor,  balsams,  ^c,  first  with  sulphuric  acid,  and  then  with 
alcohol. 

Gallic  Jlcid, 

This  acid,  discovered  by  Scheele  in  1766,  exists  in  the  bark  of  many 
trees,  in  gall-nuts,  and  in  most  substances  which  contain  tannic  acid,  being 
probably  developed  by  the  oxidation  of  that  acid.  The  best  process  for  pre- 
paring it  is  that  of  Scheele  as  modified  bv  Braconnot  (An.  de  Ch.  et  de  Ph. 
u).  Anv  quantity  of  gall-nuts,  reduced  to  powder,  is  infused  ior  a  tfevr 
days  in  four  limes  its  weight  of  water,  and  the  infusion,  aAer  being  strained 
through  linen,  is  kept  ibr  two  months  in  an  open  vessel  and  a  moderately 
warm  atmosphere.  During  this  period  the  surface  of  the  liquid  beoomea 
mouldy,  and  tannic  acid  is  converted  by  the  oxygen  of  the  air  into  gallic 
acid,  which  subsides  aa  a  yellowish  crystalline  matter,  mixed  with  cUagie 
acid.  On  evaporating  the  solution  to  the  consistence  of  syrup,  an  additional 
quantity  subsides  on  cooling.  The  object  of  this  process  is  to  give  an  op- 
portunity for  the  oxidation  of  tannic  acid,  which  disappears  more  or  less 
completely,  and  is  the  principal  source  of  the  gallic  acid,  since  the  latter 
usually  exists  in  gall-nuts  in  verjr  small  quantity.  The  impure  gallic  is 
separated  from  the  insoluble  ella^ic  acid  by  boiling  water ;  and  it  is  ren- 
dered white  by  digestion  with  animal  cliarcoal  deprived  of  its  i^osphate  of 
lime  by  dilute  nitric  acid.  When  the  colourless  solution  is  concentrated  by 
evaporation,  the  gallic  acid  is  deposited  in  small  white  acicular  crystals  of  a 
silky  lustre.,  Some  crystals  prepared  by  Mr.  Phillips,  and  examined  by  Mr. 
Brooke,  were  in  the  form  of  an  oblique  rhombic  prism. 
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Pare  gallie  actd  has  a  weak  acid  taste,  accompanied  with  alight  astrin- 
Ifency,  and  reddens  litmus.  In  boiling  water  it  is  freely  soluble,  bat  it  re- 
quires 100  parts  of  cold  water  for  solution;  and  it  is  solul^le  in  ether.  Its 
aqueous  solution  continues  unchanged  if  protected  from  oxygen  gas ;  but  in 
open  vessels  it  is  gradually  decomposed,  acquires  a  yellow  tmt,  and  depositee 
a  dark  brown  matter.  With  sulphate  of  the  protoxide  of  iron,  it  produces 
scarcely  any  change;  but  with  the  persulphate  it  gives  a  dark  blue  precipi- 
tate, which  is  more  soluble  tlian  the  tannate  of  that  oxide,  and  slowly  dis- 
solves aAer  its  formation.  When  the  recent  precipitate  is  boiled  in  water, 
the  sulphuric  acid  gradually  reunites  with  the  iron,  which  is  reduced  to  tho 
state  of  protoxide  at  the  expense  of  gallic  acid,  carbonic  acid  being  disen- 
gaged. The  same  action  ensues  slowly  in  the  cold,  and  the  tannate  of  the 
peroxide  is  liable  to  a  similar  change.  Both  the  tannate  and  gallate  of  the 
peroxide  exist  in  ink. 

Gallic  acid  does  not  precipitate  solutions  of  gelatin,  or  salts  of  the  vegeta- 
ble alkalies.  With  lime-water  it  gives  a  brownish -green  precipitate,  which 
is  redissolved  by  an  excess  of  the  alkali,  and  acquires  a  reddish  tint,  owing 
it  is  said  to  the  decomposing  agency  of  the  air. 

Crystallized  gallic  acid  loses  its  water  at  248^,  and  then  has  the  same 
composition  (page  497)  as  tho  acid  when  united  with  oxide  of  lead.  This 
salt  falls  as  a  white  precipitate  when  gallic  acid  is  mixed  in  solution  with 
the  acetate  or  nitrate  of  oxide  of  lead ;  and  Pelouze  states  that  when  dried 
at  248^  it  consists  of  111.6  parts  or  one  eq.  of  protoxide  of  lead,  and  85.84 
parts  or  one  eq.  of  gallic  acid;  whence  its  formula  is  f'b-f-C7H*0',  or 
^b-|-G.  The  gallatcs  in  general  have  been  but  little  examined ;  but  ^-{>G 
may  be  taken  as  the  general  formula  of  the  constitution  of  neutral  gallates 
of  protoxides.  The  gallates  of  potassa,  soda,  and  ammonia  are  soluble  in 
water;  but  the  gallates  of  most  other  metallic  oxides  are  insoluble. 

Pyrogallic  Add, 

Braconnot  first  noticed  that  the  crystals  obtained  by  subliming  gallic  acid 
are  not,  as  was  thought,  gallic  acid,  but  an  acid  of  a  peculiar  kind  which  be 
has  termed  the  pyrogallic^  to  indicate  its  igneous  origin.  Pelouze  has  con- 
firmed this  observation,  and  finds  that  if  pure  anhydrous  gallic  acid  be  heat- 
ed in  a  dry  retort  plunged  in  oil  which  is  kept  at  a  temperature  varying 
from  410^  to  41 9(^,  it  is  resolved  entirely  into  carbonic  acid  which  b  evolved 
as  gas,  and  pyrogallic  acid  which  condenses  in  the  apper  part  of  the  retort 
in  numerous  scaly  crystals  of  brilliant  whiteness.  The  decomposition  is 
such  that  (An.  de  Ch.  et  de  Ph.  xlvi.  206,  and  liv.  352.) 

1  .,.  g.mc  .cid  7C+3H+^  yield.  {  i^T/^^Tai'^^^f^id"^^^ 

Pyrogallic  acid  has  a  faintly  bitter  astringent  taste  without  acidity,  and 
barely  reddens  litmus  paper.  At  247^  it  fuses  and  at  410^  boils,  yielding 
a  colourless  vapour  of  a  faint  odour,  somewhat  resembling  that  of  benzoic 
acid.    At  480°  it  blackens,  and  is  resolved  into  metagallic  acid  and  water, 

Pj^rogallic  acid  dissolves  in  two  ur  three  times  its  weight  of  cold  water, 
and  is  very  soluble  in  alcohol  and  ether.  Its  aqueous  solution,  at  first  co- 
lourless,  becomes  brown  by  exposure  to  the  air,  and  in  a  few  days  is  de- 
composed. With  the  nitrates  of  the  oxides  of  silver  and  mercury  and  a 
pcrsalt  of  iron,  it  is  decomposed,  and  reduces  the  two  former  oxides  to  the 
metallic  state,  and  the  latter  to  the  state  of  protqxide,  the  iron  solution  ac- 
quiring a  brown  colour.  With  a  protosalt  or  iron  it  strikes  a  bkckish-blue 
colour,  and  a  'similar  tint  is  developed  with  a  persalt  of  iron  and  a  pyro« 
gallate. 

44 
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Metagallic  •Acid. 

If  instead  of  decomposing  gallic  acid  at  419^,  it  is  saddeniy  heated  to 
480^,  carbonic  acid  and  water  are  disengaged,  and  instead  of  a  wiMiinate 
of  pyrogallic  acid,  a  black  shining  insoluble  matter  like  charcoal  remains 
in  the  retort,  to  which  Pelouze  has  given  the  name  of  metagallic  acid. 
Its  formation  obviously  depends  on  the  decomposition  of  pyrc^gallic  add 
at  the  instant  of  its  formation,  agreeably  to  the  formula  above  giv«n.  Tlie 
same  products  are  obtained  by  distilling  tannic  acid  at  480^,  in  addttioQ  to 
which  pvrogallic  acid  is  formed  if  the  distillation  is  conducted  at  410^. 

Metagallic  acid  is  dissolved  by  the  alkalies,  forming  neutral  metagal- 
lates,  from  which  it  is  precipitated  in  black  flakes  by  acids;  and  It  de- 
composes  alkaline  carbonates  with  effervescence.  The  metagallate  of  po- 
tassa  gives  black  precipitates  with  soluble  salts  of  baryta,  strontiB,  lime^ 
magnesia,  and  the  oxides  of  iron,  zinc,  copper,  lead,  and  silver,  showing 
that  the  metagallates  of  those  bases  are  insoluble.  The  silver  sah  can. 
sists  of  116  parts  or  one  eq.  of  oxide  of  silver,  and  100.44  or  one  eq.  of 
metagallic  acid,  its  formula  being  Ag4-Ci*H>OB.  The  acid  as  first  ibnned, 
or  as  precipitated  from  its  salts  by  acids,  is  a  hydrate  with  one  eq.  of 
water,  of  which  the  formula  is  H^-CisHsQa. 

Ellagic  Jlcid. 

This  acid,  called  ellagic  by  Braconnot,  from  the  word  gaUe  read  back. 
wards,  is  lefl  in  the  process  for  gallic  acid  in  the  form  of  a  gray  pow- 
der,  insoluble  in  water,  but  soluble  in  a  solution  of  potassa,  and  preoijxi- 
tated  by  acids  as  a  yellowish-gray  powder.  Ellagic  acid,  when  driod  at 
248^,  was  found  by  Pelouze  to  have  the  same  composition  as  anhydrous 
gallic  acid,  minus  one  eq.  of  water ;  and  the  acid  before  being  so  dried  is 
a  hydrate*  identical  in  its  ingredients  with  anhydrous  gallic  acid. 

Succinic  •Acid. 

This  acid  is  procured  by  heating  powdered  amber  in  a  retort  by  a  regu- 
lated temperature,  when  the  succinic  acid,  which  exists  ready  formed  in 
amber,  passes  over  and  condenses  in  the  receiver.  As  first  obtained,  it  hmB 
a  yeUow  colour  and  peculiar  odour,  owing  to  the  presence  of  some  emp^. 
reumatic  oil ;  but  it  is  rendered  quite  pure  and  white  by  being  dissolved  in 
nitric  acid,  and  then  evaporated  to  dryness.  The  oil  is  decomposed,  and  the 
■Qccinic  acid  is  lefl  unchanged. 

Succinic  acid  has  a  sour  taste,  and  reddens  litmus  paper.  It  is  sbluUe 
both  in  water  and  alcohol,  and  crystallizes  by  evaporation  in  anhydrous 
prisms.  When  briskly  heated,  it  fuses,  undergoes  decomposition,  and  in 
part  sublimes,  emitting  a  peculiar  and  very  characteristic  odour. 

The  salts  of  succinic  acid  have  been  little  examined.  The  sucdnates  of 
the  alkalies  are  soluble  in  water.  That  of  ammonia  is  frequently  employed 
for  separating  iron  from  manganese,  persuccinate  of  iron  being  quite  inso- 
luble in  cold  water,  provided  the  solutions  are  neutraL  Succinate  of  prot- 
oxide of  manganese,  on  the  contrary,  is  soluble. 

By  reference  to  the  table  (page  ^7)  it  will  be  seen  that  succinic  acid  difl 
fers  in  composition  from  the  acetic  only  in  containing  one  equivalent  less  of 
hydrogen. 

Mucic  or  Saceliolactic  Acid  was  discovered  by  Schecle  in  1780.  It  is  ob- 
tained by  the  action  of  nitric  acid  on  certain  substances,  such  as  gum, 
manna,  and  sugar  of  milk.  The  readiest  and  cheapest  mode  of  forming  it  is 
by  digesting  gum  with  three  times  hs  weight  of  nitric  acid.  On  applying^ 
hoat,  effervescence  ensues,  and  three  acids — the  oxalic,  mahc,  and  saosho- 
lactio--are  the  products.    The  latter,  fi-om  its  insolubility,  subsides  as  a 
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wiiite  powder,  and  may  be  separated  from  the  others  by  waahinj;  with  eold 
water.  la  this  state  Dr.  Prout  says  it  is  very  impure.  'To  purify  it  he  di* 
ffests  with  a  slicht  excess  of  "ammonia,  and  dissolves  the  resulting  salt  in 
boiling  water.  It  is  filtered  while  hot,  and  the  solution  evaporated  slowly 
almost  to  dryness.  The  saccholactate  of  annnonia  is  thus  obtained  in  crys- 
tals, which  are  to  be  washed  with  cold  distilled  water,  until  they  become 
quite  white.  They  are  then  dissolved  in  boiling  water,  and  the  saturated 
hot  solution  dropped  into  cold  dilute  nitric  acid. 

The  saccholactic  is  a  weak  acid,  which  is  insoluble  in  alcohol,  and  re- 
quires sixty  times  its  weight  of  boiling  water  for  solution.  When  heated 
in  ^  retort  it  is  decomposed ;  and  in  addition  to  the  usual  products,  yields  a 
volatile  white  substance,  to  which  the  name  of  pyromucic  acid  has  been  ap- 
plied. 

Camphoric  Acid, — This  compound  has  not  hitherto  been  found  in  any 
plant,  and  is  procured  only  by  digesting  camphor  for  a  considerable  time  in 
a  large  excess  of  nitric  acid.  As  the  solution  cools,  the  camphoric  acid  sepa^ 
rates  out  in  crystals ;  but  it  appears  from  some  observations  of  Liebig  (An. 
de  Ch.  et  de  Ph.  xlvii.  95),  that  so  long  as  it  retains  the  odour  of  camphor, 
as  it  is  apt  to  do,  its  freedom  from  that  substance  is  incomplete,  and  it  re- 
ouires  renewed  digestion  with  nitric  acid.  It  is  sparingly  soluble  in  water, 
fuses  at  145°,  and  sublimes. at  a  temperature  by  no  means  elevated.  Its  taste 
is  rather  bitter,  and  when  quite  pure  has  probably  no  odour.  It  reddens  lit- 
mos  paper,  and  combines  witli  alkaline  bases,  forming  salts  which  are  called 
camphorates :  those  with  the  alkalies  are  very  soluble  and  even  deliquescent, 
but  with  oxide  of  lead  it  forms  an  insoluble  compound.  Camphoric  acid  is 
now  to  be  regarded  as  an  oxide  of  the  compound  radical,  camphene.  (Page 

Valerianic  Add, — The  existence  of  this  acid  was  observed  by  M.  Grote, 
and  since  studied  by  Penz  and  TrommsdorfT  ( An.  de  Ch.  et  de  Ph.  liv.  208.) 
This  acid  exists  in  the  root  of  valerian  {Valeriana  qfficinalie)  and  passes  over 
along  with  an  essential  oil  when  that  root  is  distilled  :  on  agitating  the  pro- 
duct with  carbonate  of  magnesia  and  water,  and  distilling,  the  essential  oil 
is  expelled,  and  valerianate  of  magnesia  is  lef\.  On  decomposing  this  salt 
by  dUute  sulphuric  acid,  the  valerianic  acid  may  be  obtained  by  distillation, 
partly  dissolved  in  the  water  which  passes  over  with  it,  and  partly  as  an 
oleaginous  matter  floating  on  its  surface.  ^ 

Pure  valerianic  acid  is  a  colourless  oleaginous  fluid,  of  density  0.944,  an 
odour  like  that  of  valerian,  and  a  strong,  acid,  disagreeable  taste.  It  boils  at 
270°,  but  distils  along  with  aqueous  vapour  at  a  much  lower  temperature: 
the  oily  stain  which  it  gives  to  paper  disappears  entirely  by  heat.  It  burns 
with  a  vivid  flame  without  residue.  It  dissolves  in  every  proportion  in  alco- 
hol, and  in  30  parts  of  cold  water.  It  has  a  strong  acid  reaction,  and  forms 
salts  with  alkaline  bases,  most  of  which  are  soluble  in  alcohol  and  water,  are 
fatty  to  the  touch,  and  when  decomposed  emit  the  peculiar  odour  of  the 
acid.  From  the  analysis  of  Ittner  (page  497)  the  general  formula  of  the  neu- 
tral valerianates  of  protoxides  is  M+CioHbOs,  and  the  oily  acid  is  a  hy. 
drate  with  one  eq.  of  water. 

Rocellie  Acid, — ^This  acid  was  discovered  by  Heercn  in  the  roeella  tineto- 
rta,  and  is  separated  by  acting  on  the  lichen  with  a  solution  of  ammonia,  pre- 
cipitating with  chloride  of  calcium,  and  decomposing  the  rocellate  of  lime 
by  hydrochloric  acid,  when  rocellie  acid  subsides.  It  is  purified  by  solution 
in  ether,  and  is  deposited  by  evaporation  in  minute  white  crystals  of  a  silkj 
lustre.  This  acid  fuses  at  266°,  is  very  soluble  in  alcohol  and  ether,  and  is 
insoluble  in  water. 

Moroxylic  iiet<{.— This  compound,  which  was  first  discovered  by  Klap- 
roth,  is  found  in  combination  with  lime  on  the  bark  of  the  moruB  alba  or 
white  mulberry,  and  has  hence  received  the  appellation  of  moric  or  nwroxylic 
acid.  It  is  obtained  by  decomposing  moroxylate  of  lime  by  acetate  of  oxide 
of  lead,  and  then  separating  that  oxide  by  means  of  sulphuric  acid. 
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Ifydroefanie  or  phmie  aeid^  which  is  not  an  imfrequent  production  of 
plants,  has  already  been  described. 

The  torfnCf  as  already  mentioned,  has  been  shown  to  be  malic  acid. 

Rheumie  Acid, — ^This  name  was  applied  to  the  acid  principle  contained 
in  the  stem  of  the  garden  rhubarb ;  but  M.  Lassaigne  has  shown  it  to-  be 
oxalic  acid. 

Chloroxalie  Addi — When  crystal! izable  acetic  acid  is  put  into  a  glaaa  ves- 
sel  full  of  dry  chlorine,  and  exposed  for  a  day  to  bright  sunshine,  hydro> 
chloric  acid  gas  is  generated,  and  during  the  night  chloroxalie  acid  is  depo- 
sited in  dendritic  crystals  or  small  rhombic  scales.  In  order  to  obtain  it 
pure  the  chlorine  should  bo  in  excess,  and  the  gases  subsequently  expelled 
irom  the  flask  by  dry  air.  The  new  acid  is  very  Yol&tile  and^  deliques- 
cent, and  when  evaporated  in  tMrcuo,  yields  rhombic  crystals.  Its  elements 
are  in  such  proportion  that  it  may  be  regarded  as  a  compound  of  one  equiva- 
lent  of  hydrochloric  and  one  equivalent  of  oxalic  acid.  These  ohseirations 
were  made  by  Dumas.  (Pog.  Annalcn,  xx.  166) 

BoUtie  Acid  was  discovered  by  M.  firaconnot  in  the  juice  of  the  BtiHut 
feudo-igniariu9.  As  it  is  a  compound  of  little  interest,  I  refer  the  reader 
to  the  original  paper  for  an  account  of  it  (Annals  of  Phil.  vol.  ii.) 

Igaturic  Acid. — Pclleticr  and  Caventou  have  proposed  this  name  for  the 
acia  which  occurs  in  combination  with  strychnia  in  tlie  nux  vomica  and  St 
Icrnatiu8*8  bean.  It  may  be  conveniently  obtained  by  adding  acetate  of  oxide 
of  lead  to  the  aqueous  solution  of  nux  vomica  prepared  as  in  the  preparation 
of  strychnia,  when  the  igasurate  of  that  oxide  subsides :  the  precipitate,  after 
boin^  washed,  is  put  into  water  and  decomposed  by  a  current  of  hydrosul- 
phuric  acid  gas.  Tlie  solution  of  igasuric  acid  is  then  separated  from  sul- 
phuret  of  lead  by  filtration,  and  may  be  purified  either  by  digestion  with 
animal  charcoal,  from  which  phosphate  of  liine  has  been  removed  by  an 
acid,  or  by  a  second  precipitation  with  acetate  of  oxide  of  lead.  On  concen- 
trating the  purified  solution  to  the  consistence  of  thin  syrup,  and  placing  it 
in  a  warm  situation,  the  acid  separates  in  crystals  which  are  commcmly 
indistinct  in  their  form. 

Igasuric  acid  forms  soluble  salts  with  the  alkalies,  baryta,  and  the  oxides 
of  iron,  silver,  and  mercury.  With  oxide  of  lead,  lime,  and  magnesia,  it 
yields  sparingly  soluble  compounds;  but  the  two  latter  are  dissolved  by  hot  wa- 
ter. With  sulphate  of  oxide  of  copper  in  neutral  solutions,  it  occasions,  either 
immediately  or  after  a  short  interval,  a  light  green  precipitate,  which  is  very 
characteristic  of  igasuric  arid.  • 

Suberic  Acid  is  produced  by  the  action  of  nitric  acid  on  cork.  Its  acid 
properties  are  very  feeble.  It  is  very  soluble  in  boiling  water,  and  the 
greater  part  of  it  is  deposited  from  the  solution  in  cooling  in  the  form  of  a 
white  powder.  Its  salts,  which  have  been  little  examined,  are  known  by  the 
name  ofsuheratet. 

Zumic  Acid. — This  compound,  procured  by  Braconnot  from  several  vege- 
table  substances  which  had  undergone  the  acetous  fermentation,  appears 
from  the  observations  of  Vogcf  to  be  lactic  acid.  (Annals  of  Philosophy, 
▼ol.  xii.) 

Pectie  i4ctrf.— This  substance,  distinguished  by  its  remarkable  tendency 
to  gelatinize,  a  property  from  which  its  name  is  derived  (from  wtt^tu^  co- 
agulum),  was  originally  described  by  firaconnot ;  and  it  has  since  been  ex- 
amined by  the  late  celebrated  Vauquelin.  (An.  de  Ch.  et  de  Ph.  xxviii.  173, 
and  xh.  46.)  Braconnot  believed  it  to  be  present  in  all  plants  ;  but  he  ex- 
tracted it  chiefly  from  the  carrot  For  Ihig  purpose  the  carrot  is  made  into 
a  pulp,  the  juice  is  expressed,  and  the  solid  part  well  washed  with  distilled 
water.  It  is  then  boiled  for  about  ten  minutes  with  a  very  dilute  solution  of 
pure  potassa,  or,  as  Vauquelin  advised,  with  bicarbonate  of  potassa  in  the 
ratio  of  5  parts  to  100  of  the  washed  pulp,  and  the  chloride  of  calcium  is 
added  to  the  filtered  liquor.  The  precipiute,  consisting  of  pectie  acid  and 
V?®\"  ^^^^  washed,  and  the  lime  removed  by  water  acidulated  with  hydro, 
chloric  acid. 
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Pectic  acid,  as  thus  procured,  is  in  the  form  of  jelly.  It  is  insoluble  in  cold 
water  and  acids,  and  nearly  so  in  boiling  water.  It  has  a  slight  acid  reac- 
tion, and  a  feeble  neutralizing  power  with  alkalies,  with  which  it  forms  so* 
luble  eompounds.  The  earthy  pcctates  are  very  insoluble,  and  on  this  ac- 
coont,  in  preparing  pectic  acid,  pure  water  must  be  used  ;  for  the  process 
alwajB  fails,  when  water  containing  earthy  baits  is  employed. 

By  digestion  in  a  strong  solution  of  potassa,  pectic  acid  disappears,  the 
liquid  becomes  brown,  and  oxalate  of  potassa  is  obtained  by  evaporation. 
This  fact  excites  some  suspicion  that  pectic  acid  may  be  a  compound  of 
oxalic  acid  with  a  vegetable  principle  analogous  to  gum  ;  but  the  conversion 
of  organic  substances  in  general  into  oxalic  acid  by  the  action  of  potassa,  as 
already  noticed  at  page  494,  diminishes  the  force  of  this  objection. 

Lactucic  Acid. — ^This  acid  was  obtained  by  Pfaff  from  tlic  juice  of  the 
lactuca  vtrosa,  who  throws  down  the  acid  by  a  salt  of  copper  or  lead,  and 
then  separates  the  metallic  oxide  by  hydrosulphuric  acid.  It  is  said  to  differ 
irom  oxaHc  acid,  which  in  most  respects  it  resembles,  by  giving  a  green  pre- 
cipitate witli  the  protosalts  of  iron,  and  a  brown  with  sulphate  of  protoxide 
of  copper;  but  its  properties  are  imperfectly  known. 

Crameric  Acid. — ^This  acid  was  discovered  by  M.  Peschier  of  Geneva  in 
tlie  extract  of  Rhatany  root,  Crameria  triandra.  Afler  separating  from  an 
aqueous  solution  of  the  extract  all  the  tannic  acid  by  means  of  gelatin,  and 
then  neutralizing  by  ammonia,  acetate  of  oxide  of  lead  is  added  as  long  as  it 
occasions  a  precipitate :  the  cramerate  of  that  oxide  is  decomposed  either  by 
sulphuric  acid  or  hydrosulphuric  acid ;  and  the  solution  is  concentrated  in 
order  that  the  crameric  acid  may  crystallize.  This  acid  forms  a  sparingly 
soluble  salt  with  baryta ;  and  it  is  singular  that  the  small  quantity  which  is 
dissolved,  is  not  precipitated  by  sulphuric  acid,  though  the  baryta  may  be 
thrown  down  by  an  alkaline  carbonate. 

Caincic  Add. — ^This  acid,  discovered  by  MM.  Fran9ois,  Caventou,  and 
Pelletier,  is  the  bitter  principle  of  the  bark  of  the  cainca  root,  a  Brazilian 
shrub  which  is  empk>yed  for  the  cure  of  Intermittent  fever.  (Journ.  de 
Pharm.  xvi.  465.)  It  crystallizes  in  delicate  white  needles  arranged  in  tuiU 
like  liydrochlorate  of  morphia,  has  a  remarkably  bitter  taste,  and  an  acid 
reaction.  It  is  sparingly  soluble  in  water  and  ether,  but  is  abundantly  dis- 
solved by  alcohol,  especially  when  heated.  It  unites  with  the  alkalies  form- 
iog  soluble  salts  which  do  not  crystallize,  and  from  which  acids  throw  down 
camcic  acid.  It  forms  soluble  neutral  salts  with  baryta  and  lime,  but  the 
caincate  of  oxide  of  lead  and  the  subcaincate  of  lime  are  insoluble  in  water. 
It  is  decomposed  by  the  concentrated  mineral  acids ;  and  tlie  hydrochloric, 
even  in  the  cold,  converts  it  into  a  gelatinous  matter  which  is  nearly  in- 
sipid.  Its  equivalent  has  not  yet  been  ascerta  ined  ;  but  Liebig  finds  that  the 
crystallized  acid  loses  9  per  cent,  of  water  at  212^,  and  that  100  parts  of 
the  acid  thus  dried  contain  57.38  parts  of  carbon,  7.48  of  hydrogen,  and 
35.14  of  oxygen. 

Caincic  acid  is  prepared  by  exhausting  the  bark  with  hot  alcohol,  and 
evaporating  the  solution  to  the  consistence  of  an  extract,  which  is  then 
boiled  in  water,  and  the  hot  aqueous  solution,  afler  filtration,  is  decomposed 
by  an  excess  of  lime.  The  precipitate  treated  with  oxalic  acid  yields  oxalate 
of  lime  and  free  caincic  acid,  which  are  both  insoluble  in  cold  water.  Hot 
alcohol  takes  up  the  latter,  which  is  decolorized  by  animal  charcoal 

Indigotic  Acid, — >This  acid  has  been  studied  by  Buff,  and  recently  ana- 
lyzed  by  Dumas.  (An.  de  Ch.  et  de  Ph.  xxxvii.  160,  xxxix.  290,  li.  174,  and  liii. 
176.)  It  is  generated,  with  evolution  of  carbonic  acid  and  binoxide  of  ni- 
trogen  gases  in  equal  measures,  but  without  the  production  of  any  carba- 
zotic  acid,  by  boiling  indigo  in  rather  dilute  nitric  acid,  formed  by  mixing 
nitric  acid  of  sp.  gr.  1.2  with  an  equal  weight  of  water.  To  the  solution^ 
kept  boiling,  indigo  in  coarse  powder  is  gradually  added,  as  long  as  offer, 
vescence  continues ;  and  hot  water  is  occasionally  added  to  suppTjr  loss  by 
evaporation.  The  impure  indigotic  acid,  deposited  in  cooling,  is  boiled  wim 
oxide  of  lead  and  filtered,  in  order  to  separate  resin ;  and  me  clear  yeUow 
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■oltttion  18  decomposed  by  sulphuric  acid,  and  again  filtered  at  a  boffin; 
temperatare.  On  cooling,  the  acid  crystallizes  in  yellowish. white  needles. 
In  order  to  purify  them  completely,  they  were  digested  in  water  with  carbo- 
nate of  baryta ;  and  the  indigotato  of  baryta,,  deposited  from  the  hot  filtered 
solution  in  cooling,  was  dissolved  in  hot  water,  and  decomposed  by  an  acid. 
Indiffotic  acid  was  thus  obtained  in  acicular  crystals  of  snowy  whitenesB, 
which  contracted  greatly  in  drying,  and  lost  their  crystalline  aspect;  but 
the  dry  mass  was  dazzling  white,  and  had  a  silky  lustre. 

Indigotic  acid  decomposes  carbonates,  but  is  a  feeble  acid,  and  reddens 
litmus  faintly.  It  requires  1000  times  its  weight  of  cold  water  for  solution, 
but  is  soluble  to  any  extent  in  hot  water  and  alcohol.  Heated  in  a  tube  it 
fuses,  and  sublimes  without  decomposition ;  and  the  fused  mass,  in  cooling, 
crystallizes  in  six-sided  plates.  When  heated  in  open  vessels,  it  is  iriflamed, 
and  bums  with  much  smoke« 

Dumas  has  compared  together  the  constitution  of  indigo|;en,  indigo4Joe^ 
and  indigotic  acid,  and  finds  that  they  may  be  yicwed  as  oxides  of  the  same 
eompouiKi  radical :  thus 

Carb.  Hyd.  Nitr.    Oxy.       Equir.        Formnle. 

Indigogen  .  975.4  -f  15  -h42.45-h  32  =36485  C**HisN«-HO. 
Indigcbluo      .       275.4  -^\&    -)-42.454.  48     ^380.85  C««IIisNH-60. 

Do.  in  100  parts    72.8  +  404+10.8  -h  12-36 
Indigotic  acid         275.4  +15     +42.454^40   »572.85  0»Hi«N*+300. 

Do.  in  100  parts    48.23+  2.76+  7.73+  41^28 

The  equivalent  of  indigotic  acid  as  here  represented  has  not  been  proved 
by  the  composition  of  its  salts,  great  uncertainty  existing  as  yet  respecting 
the  composition  of  a  neutral  indigotatc. 

Carbazotic  Acid. — This  name  has  been  applied  by  Liebig  to  a  peculiar 
acid  fbrmed  by  the  action  of  nitric  acid  on  indigo.  It  was  first  noticed  by 
Hausmaon,  and  subsequently  examined  by  Proust,  Fourcroy  and  Vaoquelin, 
Chevreul,  and  Liebig.  It  is  made  by  dissolving  small  fragments  of  the  beat 
indigo  in  8  or  10  times  their  weight  of  moderately  strong  nitric  acid,  and 
boiling  as  long  as  nitrous  acid  fumes  are  evolved.  During  the  action,  car- 
bonic, hydrocyanic^  and  nitrous  acids  are  evolved ;  and  in  the  liquid,  besides 
carbazotic  acid,  is  found  a  resinous  matter,  artificial  tannin,  and  indigotic 
acid.  On  coolings  carbazotic  acid  is  f>eely  deposited  in  transparent  yeDow 
crystals;  and  on  evaporating  the  residual  liquid,  and  adding  cold  water,  an 
additional  quantity  of  the  acid  is  procured.  To  render  it  quite  pure,  it 
should  be  dissolved  in  hot  water,  and  neutralized  by  carbonate  of  potassa. 
As  the  liquid  cools,  carbazotate  of  potassa  crystallizes,  and  may  be  purified 
by  repeated  crystallization.  The  acid  may  be  precipitated  firom  this  salt  by 
sulphuric  acid. 

Carbazotic  acid  is  sparingly  soluble  in  cold  water;  but  it  is  dissolved 
much  more  freely  by  the  aid  of  heat,  and  on  cooling  yields  brilliant  crystal- 
line  plates  of  a  yeHow  colour.  Ether  and  alcohol  dissolve  it  readily.  It  is 
fused  and  volatilized  by  heat  without  decomposition ;  but  when  suddenly 
exposed  to  a  strong  heat,  it  inflames  without  explosion,  and  burns  with  a 
yellow  flame,  with  a  residue  of  charcoal.  Its  solution  has  a  bright  yellow 
colour,  reddens  litmus  paper,  is  extremely  bitter,  and  acts  like  a  strong  add 
on  metallic  oxides.  It  is  said  to  be  poisonous.  (Journal  of  Science,  ii.  210, 
and  iii.  490.) 

The  salts  of  carbazotic  acid  are  for  the  most  part  crystallizable,  of  a  yel- 
low colour,  and  brilliant  lustre.  They  have  the  property,  when  rapidly 
heated,  either  of  detonating  like  fulminating  silver,  or  of  burning  rapidly 
with  scintillations.  The  sparmg  solubility  of  carbazotate  of  potassa  is  the 
cause  of  carbazotic  acid  being  used  as  a  test  of  that  alkali. 

According  to  the  analysis  of  Liebig,  carbazotic  acid  contains  no  hydro- 
goo,  and  its  ingredients  are  expressed  by  the  formula  Ct'NsO^s,  its  equiva^ 
lent  bein^  254.25,  or  the  sum  of  the  equivalents  of  its  elements.  Buff  and 
Dumas  give  different  proportions,  and  the  latter  found  1.4  per  cent,  of 
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hydrogen.  It  »  certain,  however,  that  it  is  a  highly  oxidized  body,  which 
accounts  for  the  detonating  property  of  its  salts.  Dumas  and  Liebig  concur 
in  representing  the  ratio  of  oxygen  and  nitrogen  to  be  the  same  as  in  nitric 
acid. 

Carbazotic  acid  is  generated  by  the  action  of  nitric  acid  on  many  sub- 
stances both  animal  and  vegetable,  especially  on  those  which  contain  nitro- 
gen. The  bitter  principle,  formed  wHh  nitric  acid  and  silli  by  Welter,  and 
by  Braconnot  from  aloes,  is  carbazotic  acid.  It  is  also  formed  by  digesting 
indigotic  acid  in  nitric  acid,  with  formation  of  binoxide  of  nitrogen^  carbonic 
and  oxalic  acid,  and,  according  to  Dumas,  of  ammonia. 

The  substances  called  resin  and  artificial  tannin,  formed  during  the  pre- 
ceding process,  consist  of  a  brown  friable  matier  united  or  mixed  with  dif^ 
ferent  proportions  of  indigotic  and  nitric  acid.  It  is  insoluble  in  water  and 
alcohol ;  but  it  is  dissolved  by  the  pure  alkalies  and  their  carbonates,  and  is 
precipitated  from  the  solution  by  acids.  It  is  best  procured  by  boiling  1  part 
of  indigo  with  2  of  nitric  acid  diluted  with  15  or  20  of  water,  being  purified 
by  hot  water  from  indigotic  acid.  In  order  to  separate  it  from  unchanged 
indigo,  it  is  dissolved  by  carbonate  of  potassa,  and  precipitated  by  an  ocld^ 


SECTION  II. 

VEGETABLE  ALKALIES. 

Under  this  title  are  comprehended  those  proximate  vegetable  principfe» 
which  are  possessed  of  alkaline  properties.  The  honour  of  discovering  the 
existence  of  this  class  of  bodies  is  due  te  Sertuerner,  a  German  apothecary,, 
who  published  an  account  of  morphia  so  long  ago  as  the  year  1803;  but  the, 
subject  excited  no  notice  until  the  publication  of  his  second  essay  in  1816. 
The  chemists  who  have  since  cultivated  tliis  department  with  most  success 
ore  M.  Robiquet,  and  MM.  Pelletier  and  Caventou. 

All  the  vegetable  alkalies  which  have  been  analyzed  consist  of  carbon^ 
hydrogen,  nitrogen,  and  oxygen ;  and  it  is  remarked,  which  shows  a  clt>se 
analogy  of  composition,  that  a  single  equivalent  of  each  alkaK  contains  ex- 
actly one  equivalent  of  nitrogen.  They  are  decomposed  with  facility  by 
nitric  acid  and  by  heat,  and  ammonia  is  always  one  of  the  products  of  the 
destructive  distilktion.  They  never  exist  in  an  insulated  state  in  the  plants 
whicb  contain  them ;  but  are  apparently  in  every  case  combined  with  an 
acid,  wilh  which  they  form  a  salt  more  or  less  soluble  in  water.  These 
alkalies  are  for  the  most  part  ^erj  insoluble  in  water,  and  of  sparing  solubi- 
lity in  cold  alcohol;  but  they  are  all  readily  dissolved  by  that  fluid  at  a 
boiling  temperature,  being  deposited  from  the  solution,  commonly  in  the 
form  of  crystals,  on  cooling.  Most  of  the  salts  are  far  more  soluble  in 
water  than  the  alkoliea  themselves,  and  several  of  them  are  remarkable  for 
their  solubility. 

Serullos  observed  that  iodic  acid  is  disposed  to  form  with  most  of  the  ve- 
getable  alkalies  supersalts,  which  are  very  insoluble  in  alcohol,  and  he  pro- 
posed this  property  as  a  test  of  vegetable  alkalies.  It  suffices  to  dissolve  a 
vegetable  alkaK,  especially  quinin  or  cinchonia,  or  any  of  their  salts,  in  alco- 
hol, and  to  add,  drop  by  drop  a  solution  of  iodic  acid,  so  that  it  may  be  in 
excess :  a  supersalt  is  generated,  whieh,  though  in  very  minute  quantity,  is 
immediately  precipitated.  The  iodic  acid,  bcmg  itself  insoluble  in  alcohol, 
should  be  so  fiir  diluted  with  water  until  it  ceases  to  ^ive  a  precipitate  with 
strong  alcohol.  The  aqueous  solution  of  chloride  of  iodine,  which  contains 
iodic  acid,  may  be  substituted  for  the  pure  acid. .  (An.  do  Ch.  et  de  Ph.  xlv. 
68.)    It  sihouM  be  remeiobered  in  employing  thi«  test^  that  all  the  iodatas 
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KM  of  fparing^  ■olobilit?  9— 4hat  a  little  potasn,  dissolTed  in  alcohol,  would 
rive  a  precipitate  on  the  addition  of  iodic  aoid.  Care  ahonld  be  takeo  aiao 
m  drying  t)ie  iodate  of  a  vegetable  allLali,  since  when  sharply  healed  thej 
detonate  powerfully. 

Aa  the  vegetable  alkalies  agree  in  several  of  their  leading  chemical  pm- 
perties,  the  mode  of  preparing  one  of  them  admits  of  being  applied  with 
alight  variation  to  alL  The  general  outline  of  the  method  is  as  follows: — 
The  substance  containing  the  alkaline  principle  is  digested,  or  more  com- 
monly macerated,  in  a  large  quantity  of  water,  which  dissolves  the  salt,  the 
base  of  which  is  the  vegetable  alkalL  On  adding  some  more  powcifol 
mlifiable  base,  such  as  potassa  or  ammonia,  or  boiling  the  solution  for  a  few 
minutes  with  lime  or  pure  magnesia,  the  vegetable  alkali  is  separated  from 
its  acid,  and  being  in  that  state  insoluble  in  water,  may  be  collected  an  a 
filter  and  washed.  As  thus  procured,  however,  it  is  impure,  retaining  some 
of  the  other  principles,  such  as  the  oleaginous,  resinous,  or  colouring  mat- 
ters with  which  it  is  associated  in  the  plant.  To  purify  it  from  these  sab- 
stances,  it  should  be  mixed  with  a  little  animal  charcoal,  and  dissolved  ia 
boiling  alcohol.  The  alcoholic  solution,  which  is  to  be  filtered  while  hoi, 
yields  the  pure  alkali,  either  on  cooling  or  by  evaporation;  and  if  not  quite 
odourless,  it  should  again  be  subjected  to  the  action  of  alcohol  and  animal 
charcoal.  In  order  to  avoid  the  necessity  of  employing  a  large  quantity  of 
alcohol,  the  following  modification  uf  the  process  may  be  adopted.  He 
vegetable  alkali,  after  being  precipitated  and  collected  on  a  filter,  is  made  to 
nnite  with  some  acid,  such  as  the  acetic,  sulphuric,  or  hydrochloric,  and  the 
solution  boiled  with  animal  charcoal,  until  the  colouring  matter  is  removed. 
The  alkali  is  then  precipitated  by  ammonia  or  some  other  salifiable  base. 

The  following  table,  formed  principally  from  analyses  by  Liebig  (An.  de 
Ch.  et  de  Ph.  xlvii.  199),  represents  the  composition  of  the  vegctabfe  alkaiiem 
in  their  anhydrous  slate.  The  numeral  attached  to  each  symbol  indicates 
the  number  of  equivalents  of  that  element  in  one  equivalent  of  the  alkali. 
The  elements  of  those  whose  atomic  constitution  is  unknown,  are  given  in 
relation  to  1(K)  parts. 

Alkalies.  Carb.    Hyd.     Nitrog.   Oxy.          Equiv. 

Morphia  .  .  2O8.O84-I8      +14.15+48     =.  288Si3 

Narcotina  .  65     +  5.5  +  2-5 1-1-26.99  in  100  parts. 

Codeia      .  .  189.72+20      +14.15+40     =  263.87 

Narccia    .  .  54.73+  6.52+   4.33+34.42  in  100  parts. 

Oinchonia  .  122.4+12      +14.15+8     =  156.55 

Quinia     .  .  122.4  +12      +14.15+16     =  164.55 

Aricina    .  .  122.4+12      +14.15+24     =  172.55 

Strychnia  .  183.6  +16      +14.15+24     =  237.75 

Brucia     .  .  195.84+18      +14.15+48     =  275.99 

Veratria  .  .  208.08+22      +14.15+48     =  292.23 

Emetia    .  .  64.57+  7.77+  4.3  +22.95  in  100  parts. 

Delphia    .  .  76.69+  8.89+  5.93+  7.49  in  100  parts. 

Morphia* 


Formuls. 
C»*H«NiO« 

CaoHisN'Ot 

C«oHi9N»0» 
CsoHi8N«0« 

C»*H"N'0« 


This  alkali  is  the  medicinal  agent  of  opium,  in  which  it  exists  combined 
with  meeonic  and  sulphuric  acid,  and  associated  with  several  other  sub- 
stances, especially  with  narcotina,  codeia,  narceia,  meoonin,  gummy,  re* 
sinous,  and  extractive  cok>uring  matters,  lignin,  fixed  oil,  and  a  small 
quantity  of  caoutchouc  The  first  step  in  its  preparation  consists  in  cutting 
a  given  quantity  of  opium  into  small  pieces,  pouring  on  it  distilled  water, 
and  macerating  for  two  or  three  days  at  a  temperature  not  exceeding  100^, 
aided  by  frequent  agitation ;  the  first  infusion  is  then  decanted,  and  a  second 
and  a  third  conducted  in  a  similar  manner,  so  that  the  soluble  parts  should 
be  completely  extracted.  A  highly  coloured  but  clear  solution  is  thus  ob- 
i«UKd,  which  has  the  peculiar  odour  of  opiwn,  ia  distinctly  acid  to  test 
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paper,  and  contains  all  the  meeonate  and  sulphate  of  morphia,  toffetlier  with 
the  associated  alkalies,  contained  in  the  specimen.  To  obtain  pure  morphia 
from^  the  solution  one  of  two  modes  is  now  commonly  employed.  The  first 
consists  in  concentrating^  the  aqueous  solution  of  opium,  and  adding  a  alight 
excess  of  ammonia,  when  the  morphia  and  narcotina  are  precipitated.  The 
precipitate  is  digested  at  120^  or  130^  in  proof  spirit,  which  takes  up  moat 
of  the  narcotina  and  colouring  matter:  the  morphia  is  then  dissolved  in 
strong  boiling  alcohol,  from  which  it  is  deposited  by  cooling  and  evaponu 
lion.  The  object  of  the  second  is  to  obtain  the  morphia  in  the  form  of  a 
hydrochlorfite,  by  which  means  its  separation  from  narcotina  is  more  fully 
accomplished  than  by  the  former  method ;  and  the  following  process,  devised 
by  Drs.  Gregory  and  Roberti^on,  of  Edinburgh,  may  be  safely  employed. 
(Edin.  Med.  and  Surg.  Journal,  Nos.  107  and  111.)  The  aqueous  solutioB 
of  opium  is  concentrated  in  a  vessel  of  tinned  iron,  or  other  evaporator,  to 
the  consistence  of  a  thin  syrup,  when  a  slight  excess  of  chloride  of  calcium, 
neutral  and  quite  free  from  iron,  is  added  ;  the  mixture  is  boiled  for  a  few 
minutes,  and  then  poured  into  an  evaporating  basin.  When  cold,  the  hydro- 
chlorates  are  taken  up  in  water,  which  is  added  until  a  copious  separation 
of  resinous  flocks  ensues,  leaving  the  insoluble  meeonate  and  sulphate  of 
lime  with  a  good  deal  of  colouring  matter.  The  clear  liquid  is  again  evapo- 
rated to  a  syrupy  consistence,  a  little  marble  being  added  to  ensure  perfect 
neutrality,  the  warm  fluid  is  poured  oflT  the  sediment  into  a  clean  capsule, 
and  is  well  stirred  during  crystallization.  The  mass  is  then  put  into  a  stout 
cloth,  and  the  liquid  part,  containing  chloride  of  calcium,  the  hydrochlorate 
of  narcotina,  and  colouring  matter,  is  pressed  out  from  the  crystallized 
hvdrochlorate  of  morphia:  this  impure  salt  is  redissolved  in  water  at  70®, 
filtered  through  cloth,  mixed  with  a  little  fresh  chloride  of  calcium,  crystal- 
Jized,  and  compressed  as  before.  It  is  taken  up  in  hot  water,  digested  for 
about  24  hours  with  animal  charcoal,  filtered,  evaporated,  crystallized,  and 
squeezed  in  cloth  as  on  former  occasions ;  but  in  this  pert  of  the  process  a 
little  free  hydrochloric  acid  may  be  added  with  advantage,  as  it  holds  in 
solution  any  remaining  colouring  matter,  and  renders  the  crystallization  of 
the  hydrochlorate  of  morphia  more  perfect.  The  pure  salt  is  then  dried  ai 
a  temperature  of  150°,  and  amounts  on  an  average  to  10  per  cent,  of  the 
opium  used,  correspondinjnr  to  9.43  per  cent,  of  crystallized  morphia.  It 
contains  a  small  quantity  of  hydrochlorate  of  codcia,  which  is  left  in  solu- 
tion  when  the  morphia  is  precipitated  by  ammonia.  The  absence  of  nar- 
cotina may  be  proved  by  the  following  character: — If  dissolved  in  distilled 
water,  and  pure  potassa  be  added,  crystals  of  morphia  at  first  subside,  which 
are  completely  redissolved  by  an  excess  of  the  potassa;  but  when  narcotina 
is  present,  the  alkali  occasions  a  peculiar  milkiness,  and  by  heat  woolly 
flocks  are  separated. 

Pure  morphia  crystallizes  readily  when  its  alcoholic  solution  is  evapcv 
rated,  and  yields  colourless  crystals  of  a  brilliant  lustie.  They  mostly  occur 
in  irregular  six-sided  prisms  with  dihedral  summits;  but  their  primary  form 
is  a  right  rhombic  prism,  of  which  the  lateral  planes  only  appear  in  the 
crystals  (Brooke).  According  to  Licbig,  they  consist  of  288iJ3  parts,  or 
one  eq.  of  anhydrous  morphia,  and  18  or  two  eq.  of  water,  which  they  give 
out  at  248^,  the  loss  amounting  to  6.33  per  cent.  (An.  de  Ch.  et  de  Ph.  xlvii. 
198).  Morphia  is  almost  wholly  insoluble  in  cold,  and  to  very  small  extent 
in  hot  water.  It  is  soluble  in  strong  alcohol  especially  by  the  aid  of  heat. 
In  its  pure  state  it  has  scarcely  any  taste ;  but  when  rendered  soluble  hv 
combining  with  an  acid  or  by  solution  in  aleohol,  it  is  intensely  bitter,  lit 
has  an  alkaline  reaction,  and  combines  with  acids,  forming  neutral  salta, 
which  are  far  more  soluble  in  water  than  morphia  itself,  and  for  the  most 
part  arc  capable  of  crystallizing.  Solutions  of  pure  potassa  and  soda  di»> 
solve  it,  as  in  some  measure  docs  ammonia. 

Strong  nitric  acid  decomposes  morphia,  forming  a  red  solution,  which  by 
the  continued  action  of  the  acid  acquires  a  yellow  colour,  and  is  ultimately 
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oooTerted  into  ozttie  ao^.   Pfkrio  acid  hms  a  limikr  eSdd  oa  bmcia.  With 
a  penalt  of  iron  morphia  atrikea  a  blue  tint 

Morphia  ii  the  narcoUc  principle  of  opium.  When  pure,  owing  to  its  ia- 
•olubility,  it  ia  almost  inert ;  for  Orfila  gave  twelve  grains  of  it  to  a  dog 
without  iu  being  followed  by  any  aenaible  effect  In  a  state  of  solatioo,  on 
the  contrary,  it  acts  on  the  animal  system  with  great  energy,  Scrtuerner 
Ittving  noticed  alarming  symptoms  from  so  small  a  quantity  as  half  a  grain. 
From  thb  it  appears  to  follow  that  the  effects  of  an  overdose  of  a  alt  of 
morphia  may  be  prcTented  or  diminished  by  giving  a  dilute  eolation  of 
ammonia,  or  an  alkaline  carbonate,  so  as  to  precipitate  the  vesetabk 
alkali. 

When  opium  is  administered  as  a  poison,  its  presence  is  rendered  obvious 
hy  the  peculiar  odour  of  tliat  drug,  as  well  as  by  the  red  tint  given  to  per- 
■alts  of  iron  by  the  mcconic  acid  of  tlie  opium;  but  when  death  is  occ^ 
■ioned  by  a  salt  of  morphia,  it  becomes  necessary  to  eliminate  the  morphia^ 
a  practical  process  of  considerable  delicacy.  Tiie  method  suggested  bj 
Laasaigne  for  detecting  acetate  of  morphia,  may  be  applied  to  its  saline 
combinations  in  general  (An.  de  Ch.  e*  de  Ph.  xxv.  102.)  The  sospeGied 
solution  is  evaporated  by  a  temperature  of  212^,  and  the  residue  treated 
with  alcohol,  by  which  the  salt  of  morphia,  together  with  osmazome  and 
some  salte,  is  dissolved.  The  alcohol  is  next  evaporated,  and  water  added 
to  separate  &tty  matter.  The  aqueous  solution  is  then  set  aside  for  sponta- 
neous  evaporation,  during  which  the  salt  of  morphia  is  generally  deposited 
in  crystals.  From  an  aqueous  solution  of  the  salt,  ammonia  throws  down  a 
crystelline  precipiUte,  which  may  be  recognized  as  morphia  by  the  combi- 
nation of  the  following  characters: — By  the  figure  of  its  crystels;  iU  bitter 
taste;  solubility  in  alcohol;  alkalinity;  by  the  orange-red  tint  developed  by 
nitric  acid;  and  by  the  peculiar  action  of  iodic  acid.  The  last  character  is 
particularly  valuable  in  distin^uishinfjr  morphia  from  other  vegetable  aJka- 
lies:  the  latter  combine  with  iodic  acid  and  form  iodates;  but  morphia  de- 
composes iodic  acid,  and  sets  iodine  free,  which  may  then  be  delected  by 
starch.  A  grain  of  morphia  in  7000  grains  of  water  may  be  discovered  by 
this  test    (ScruUas.) 

Saks  of  Morphia. — ^These  are  best  prepared  by  dissolving  pure  morphia 
in  dilute  acid,  and  evaporating  the  solution.  The  neutral  sulphate  crystaL 
liaes  in  bunches  of  acicalar  crystals,  which  consist  of  one  equivalent  of 
morphia,  one  equivalent  of  acid,  and  six  equivalente  of  water :  on  drying  at 
248°,  four  equivalente  of  water  are  expelled ;  but  the  rest  of  tlie  water  can- 
not bo  driven  off  without  decomposing  the  salt  itself,  and,  therefore,  seems 
essential  to  ite  constitution.  The  water  lost  by  heat  is  absorbed  from  the 
atmosphere  as  the  sulphate  cools.    Morphia  also  forms  a  bisulphate. 

Hydrochlorate  of  morphia  may  be  generated  by  the  direct  action  of  hy- 
drochlorate  acid  gas  on  anhydrous  morphia  (Liebig),  by  dissolving-  the 
alkali  in  dilute  hydrochloric  acid,  or  by  the  process  of  GrejBfory,  above  de^ 
scribed.  It  commonly  crystellizes  in  turfs  of  acicular  crystals,  which  are 
neutral,  are  anhydrous,  and  contain  an  equivalent  of  acid  and  of  base, 

Acetete  of  morphia,  though  till  lately  much  employed  in  medical  prao. 
tice,  is  less  convenient  for  that  purpose  than  the  hydrochlorate,  being  varia- 
ble  in  constitution.  To  procure  it  in  the  solid  stete,  it  must  be  evaporated 
to  dryness,  and  in  this  process  some  of  ite  acid  is  usually  expelled.  It  is 
deliquescent,  and  is  hence  with  difficulty  preserved  in  a  constant  slate  of 
dryness ;  and  when  neutral  it  is  decomposed  by  water,  whereby  part  of  the 
morphia  is  rendered  insoluble.  In  fact,  the  best  mode  of  employing  the 
acetete  is  to  dissolve  given  weighte  of  morphia  in  dilute  acetic  acid,  and 
preserve  it  in  that  form,  teking  care  that  the  acid  is  in  excess.  The  basis 
of  Battlcy^s  sedative  liquor  is  supposed  to  be  acetate  of  morphia. 

Narcotina. — This  substance  was  described  in  1803  by  Deroane,  and  was 
long  called  the  gait  of  Deroane;  Serlnerner  supposed  it  to  be  meconate  of 
morphia ;  but  Robiquet  proved  that  it  is  an  independent  principle,  and  ap- 
plied to  it  the  name  of  nareotine.    It  is  easily  prepared  by  digesting-  the 
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aqaeous  extract  of  opiam,  or  the  precipitate  by  ammonia  from  the  aqueous 
infusion,  in  sulphuric  ether,  in  which  meconate  of  morphia  and  morphia 
are  insoluble,  but  which  take  up  all  the  narcotina  and  depositee  it  in  regular 
crystals  by  evaporation.  It  may  be  further  purified  by^  animal  charcoal 
and  a  second  crystallization.  A  convenient  mode  of  separating  it  from 
morphia  without  sulphuric  ether,  suggested  by  Dr.  Robertson  in  the  essay 
above  cited,  is  to  boil  the  impure  morphia  in  water,  and  add  successive  por- 
tions of  sal  ammoniac  as  long  as  ammonia  escapes :  the  morphia  at  a  boil- 
ing temperature  decomposes  that  salt,  and  the  resulting  hydrochlorate  ef 
morphia  is  of  course  dissolved;  while  all  the  narcotina  is  lefl  in  a  pulveru- 
lent form.  Other  salts  of  morphia  may  be  made  in  like  manner  by  employ- 
ing a  corresponding  salt  of  ammonia.  This  fact,  of  the  decomposition  of 
ammoniacal  salts  by  morphia,  is  due  to  M.  Buisson,  who  finds  that  most  of 
the  vegetable  alkalies  in  general  possess  the  same  property  at  a  high  tem- 
perature. 

^  Narcotina  is  insoluble  in  cold  and  very  slightly  soluble  in  hot  water.  It 
dissolves  in  oil,  ether,  and  alcohol;  the  latter,  though  diluted,  acting  as  a 
solvent  for  it  by  the  aid  of  heat  It  is  not  alkaline  to  test  paper,  but  unites 
definitely  witli  hydrochloric  acid,  forming  a  salt  extremely  soluble  in  water, 
which  crystallizes  in  needles  from  an  alcoholic  solution.  Robiqnet  also  ob- 
tained tlie  crvstallized  sulphate.  Its  presence  in  the  aqueous  infusion  of 
opium  is  due  to  a  free  acid,  and  yet  uncombined  narcotina  is  dissolved  fh>m 
crude  opium  by  sulphuric  ether :  it  acts  so  feebly  as  a  base,  that  it  is  sepa- 
rated from  its  acid  either  by  the  ether,  or  probably  by  the  force  of  crystal- 
lization. A  similar  cause  may  account  for  the  variable  composition  of  its 
salts,  the  equivalent  of  narcotina  having  been  estimated  from  the  hydrochlo- 
rate at  319  by  Pelletier,  at  560  by  Liebig,  and  at  408  by  Robiquet  (An.  de 
Ch.  et  de  Ph.  li.  231). 

Narcotina  acts  much  less  energetically  on  the  animal  economj  than  mor- 
phia. The  stimulating  action  of  opium  is  partly  ascribed  to  narcotina ;  and 
the  opinion  is  supported  by  the  experience  of  medical  practitioners,  who 
find  that  pure  morphia  acts  more  agreeably  and  safely  than  when  narcotina 
is  present. 

Codeia. 

This  alkali  was  discovered  in  1832  by  Robiquet  in  hydrochlorate  of  mor- 
phia, made  by  Gregory's  process  (An.  de  Ch.  et  de  Ph.  li.  259.)  It  appears 
that  hydrochlorate  of  codeia  crystallizes  along  with  the  salt  of  morphia,  and 
is  present  in  variable  quantity  :  in  hydrochlorate  of  morphia  from  East- 
India  opium  Christison  obtained  l>12th  of  hydrochlorate  of  codeia,  and  Gre- 
gory 1.30th  from  the  hydrochlorate  prepared  with  Turkey  opium.  On  dis- 
solving the  mixed  hydrochlorates  in  water,  and  precipitating  the  morphia 
by  ammonia,  the  codeia  remains  in  solution,  and  crystallizes  by  subsequent 
evaporation.  On  dissolving  in  hot  ether,  it  is  obtained  by  spontaneous  evapo- 
ration in  acicular  crystals  or  flat  prisms,  which,  when  pure,  are  quite  co- 
lourless and  transparent 

Codeia  fuses  at  300^  without  decomposition,  aj^d  at  a  high  temperature 
bums  with  flame  without  residue.  Water  at  60°  dissolves  li26  per  cent, 
3.7  at  110°,  and  5.9  at  212o.  When  more  of  it  is  present  than  boiling  wa- 
ter can  dissolve,  the  excess  fuses,  and  forms  a  stratum  of  an  oily  aspect  at 
the  bottom.  The  solution  is  distinctly  alkaline,  and  yields  neutrsJ  salts  willi 
alkalies,  sume  of  which,  especially  the  nitrate,  crystallize  with  facility.  It  is 
distinguished  from  morphia  by  the  form  and  aspect  of  its  crystals,  greater 
solubility  in  water,  solubility  in  boiling  ether,  insolubility  in  solutions  of  the 
pure  alkalies,  by  yielding  a  copious  precipitate  with  tincture  of  gall-nuts, 
and  not  being  reddened  by  nitric  acid.  Its  crystals  consist  of  263.87  parts  or 
one  eq.  of  codeia  and  18  or  two  eq.  of  water,  which  is  dissipated  at  212°. 
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Narceia, 

This  alkali  was  discovered  by  Pelletier  ia  1832  (An.  de  Ch.  et  de  Ph.  t 
952),  and  is  contained  in  the  aq.ueous  infusion  of  opium,  probably  in  combi- 
nation with  meconic  acid.  Afler  precipitating  the  morphia  and  narcotina  by 
ammonia,  meconic  acid  by  pure  baryta,  and  the  excess  of  baryta  by  carbo> 
nate  of  ammonia,  the  solution  is  boiled  to  expel  the  latter  salt,  aind  then 
evaporated  to  tlie  consistence  of  syrup.  The  residue,  set  at  rest  for  some 
days  in  a  cool  place,  yields  crystals  which,  afler  compression  in  linen  to  re- 
move adhering  liquid,  should  be  dissolved  in  boiling  strong  alcohol,  and  re- 
crystallized  by  evaporation.  The  residue  consists  of  narceia,  together  with 
some  narcotina,  meconin,  and  fatty  matter :  the  three  last  are  taken  up  by- 
digestion  in  sulphuric  ether,  in  wliich  the  narceia  is  insoluble.  It  is  puri- 
fied by  crystallization  from  alcohol  or  water,  to  which  a  litUe  animal  char- 
coal is  added. 

Pure  narceia  is  white,  and  crystallizes  in  needles  or  small  prisms.  It  ia 
inodorous,  and  has  a  faint  bitter  taste,  with  slight  pungency.  It  fuses  at 
198°,  becomes  yellow  at  220°,  and  at  high  temperatures  is  decomposed, 
yielding  among  other  products  a  peculiar  volatile  acid.  It  is  soluble  in  375 
times  its  weight  of  cold  and  230  of  boiling  water,  and  dissolves  freely  in  hot 
alcohol,  but  it  is  insoluble  in  ether.  It  is  decomposed  by  the  stronger  acids, 
but  unites  with  them  when  diluted,  acting  as  a  feeble  alkali,  which  neup 
tralizes  acids  imperfectly,  though  some  of  its  salts  are  crystallizable.  Its 
salts,  with  the  stronger  acids  especially,  have  the  peculiarity  of  being  blue 
in  a  certain  degree  of  concentration,  and  on  adding  successive  quantities 
of  water,  the  colour  changes  to  violet  and  rose-red,  and  lastly  disappears. 
By  this  character,  added  to  its  light  fusibility,  and  the  action  of  solvents, 
it  is  distinguished  from  the  other  principles  with  which  it  is  associated  in 
opium.     Its  equivalent  has  not  been  determined. 

Cinchonia  and  Quinia, 

The  existence  of  a  distinct  ve^table  principle  in  cinchona  bark  was  in- 
ferred by  the  late  Dr.  Duncan  m  the  year  1803,  who  ascribed  to  it  the 
febrifuge  virtues  of  the  plant,  and  proposed  for  it  the  name  of  cinchomiM 
(Nicholson's  Journal,  1803).  Dr.  Gromez  of  Lisbon,  whose  attention  was 
directed  to  the  subject  by  the  researches  of  Dr.  Duncan,  succeeded  in  pro- 
curing cinchonin  in  a  separate  state ;  but  its  alkaline  nature  was  first  dis- 
covered in  1820  by  Pelletier  and  Caventou  (An.  de  Ch.  et  de  Ph.  zv.)  It 
has  been  fully  established  by  the  labours  of  those  chemists  that  the  lehri> 
fugo  property  of  bark  is  possessed  by  two  alkalies,  the  cinchonia^  or  cin- 
chonin of  Dr.  Duncan,  and  quinia^  both  of  which  are  combined  with  kinic 
acid.  These  principles,  though  very  analogous,  are  distinctly  different, 
standing  in  the  same  relation  to  each  other  as  potassa  and  soda.  Cincho- 
nia exists  in  the  Cinchona  condaminea,  or  pale  bark  ;  quinia,  oHen  with  a 
little  cinchonia,  is  present  in  C  cordifolia^  or  yellow  bark;  and  they  a.Te 
both  contained  in  C.  oblongifolia,  or  red  bark.  One  of  the  easiest  pro- 
cesses for  preparing  them,  is  to  take  up  the  soluble  parts  of  the  bark  by 
hot  water  acidulated  with  hydrochloric  acid,  concentrate  the  solution,  and 
then  digest  with  successively  added  portions  of  slaked  lime,  until  the  liquid 
is  distinctly  alkaline.  The  precipitate  is  carefully  collected,  and  the  [vege- 
table alkali  separated  from  it  by  boiling  alcohol.  Slight  modifications  of 
the  method  have  been  proposed  by  Badollier  and  Voreton.  From  one  pound 
of  yellow  bark,  Voreton  procured  80  grains  of  quinia,  which  is  nearly  1.4 
per  cent.  (An.  de  Ch.  et  de  Ph.  xvii) ;  but  the  quantity  obtained  from  difier- 
ent  varieties  of  bark  is  very  variable. 

Cinchonia. — Pure  cinchonia  crystallizes  in  colourless  qaadrilateral  prisms, 
which  are  anhydrous,  require  2500  times  their  weight  of  boiling  water  for 
•oluUon,  and  are  insoluble  in  cold  water.    Its  proper  n;ienstruam  is  boiling- 
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ailoohol ;  bat  it  is  tlissolved  in  smal)  quantity  by  oils  and  ether.  Its  taste  is 
bitter^  though  slow  in  being  perceived,  on  account  of  its  insolubility ;  but 
when  the  ukali  is  dissolved  by  alcohol  or  an  acid,  the  bitterness  is  very 
powerful,  and  accompanied  by  the  flavour  of  cinchona  bark.  Its  alkaline 
properties  are-ezceedingly  well  marked,  since  it  neutralizes  the  strongest 
acids.  The  sulphate,  hydrochlorate,  nitrate,  and  acetate  of  cinchonia  are 
soluble  in  water,  and  the  sulphate  crvstallizes  in  very  short  six-sided  prisms 
derived  from  an  oblique  rhomboidal  prigm.  It  commonly  occurs  in  twin 
crystals ;  and  is  composed  of  156.55  parts  or  one  eq.  of  cinchonia,  40.1 
parts  or  one  eq.  of  sulphuric  acid,  and  36  parts  or  four  eq.  of  water.  It 
effloresces  in  a  dry  air,  and  gives  out  all  its  water  when  moderately  heated. 
Cinchonia  forms  a  disulphate,  which  is  much  less  soluble  than  the  neutral 
sulphate.  The  hydrochlorate  is  composed  of  single  equivalents  of  base  and 
acid,  fuses  at  212°,  is  readily  soluble  in  water  and  alcohol,  and  crystallizes 
in  shining  acicular  crystals.  The  neutral  tartrate,  oxalate,  and  gallate  of 
cinchonia  are  insoluble  in  cold,  but  soluble  in  hot  water,  as  well  as  in  al- 
cohol. 

Quinia  or  Quinine. — This  alkali  is  precipitated  from  its  solution  by  alka- 
lies in  white  flocks,  which  do  not  assume  a  crystalline  appearance  like  cin- 
chonia; and  it  crystallizes  imperfectly  even  from  an  alcoholic  solution.  It 
is  very  soluble  in  alcohol,  forming  a  solution  which  is  intensely  bitter,  and 
possesses  a  distinct  alkaline  reaction.  Ether  likewise  dissolves  it,  but  it 
IS  almost  insoluble  in  water.  Its  febrifuge  virtues  are  more  powerful  than 
those  of  cinchonia,  and  it  is  now  extensively  employed  in  the  practice  of 
medicine. 

The  most  important  of  the  salts  of  quinia  is  the  disulphate,  which  is 
made  in  large  quantity  for  medical  purposes.  This  compound  crystallizes 
in  delicate  white  needles,  having  the  appearance  of  amianthus,  has  a  vei^ 
bitter  taste,  and  is  less  soluble  in  water  than  sulphate  of  cinchonia.  It 
is  freely  dissolved  by  boiling  alcohol,  and  is  neutral  to  test  paper.  It  is  com- 
posed of  329.1  parts  or  two  eq.  of  quinia,  40.1  or  one  eq.  of  sulphuric  acid, 
and  90  or  ten  eq.  of  water :  when  dried  at  248°,  it  abandons  eight  equiva- 
lents of  water,  and  retains  the  remainder  until  the  salt  itself  is  decomposed. 

The  sulphate  of  neutral  composition  is  acid  to  test  paper,  and  crystallizes 
in  transparent  square  prisms,  which  effloresce  in  a  dry  air,  and  contain 
24.66  per  cent  of  water,  corresponding  nearly  to  six  eq.  of  water.  This  salt 
is  much  more  soluble  than  the  disulphate.  The  neutral  gallate,  tartrate, 
and  oxalate  of  quinia,  like  the  analogous  salts  of  cinchonia,  are  insoluble 
in  cold  water. 

From  the  new  facts  which  have  been  ascertained  relative  to  the  consti- 
tuents of  bark,  the  action  of  chemical  tests  on  a  decoction  of  tliis  substance 
is  now  explicable.  According  to  the  analysis  of  Pelletier  and  Caventou,  the 
different  kinds  of  Peruvian  bark,  besides  the  kinate  of  cinchonia  or  quinia, 
contain  the  following  substances ; — a  greenish  fatty  matter ;  a  red  insoluble 
matter ;  a  red  soluble  principle,  which  is  a  variety  of  tannic  acid ;  a  yel- 
low colouring  matter ;  kinate  of  lime ;  gum,  starch,  and  lignin.  It  is  hence 
apparent  that  a  decoction  of  bark,  owing  to  the  tannic  aud  which  it  con- 
tains, may  precipitate  a  solution  of  tartar  emetic,  of  gelatin,  or  a  salt  of  iron, 
without  containing  a  trace  of  vegetable  alkali,  and  consequently  without 
possessing  any  febrifuge  virtues.  An  infusion  of  gall-nuts,  on  the  contrary, 
causes  a  precipitate  only  by  its  gallic  acid  uniting  with  cinchonia  or  quinia, 
and,  therefore,  affords  a  test  for  distinguishing  a  good  from  an  inert  variety 
of  bark. 

Sulphate  of  quinia,  from  its  commercial  value,  is  frequently  adulterated. 
The  substances  commonly  employed  for  the  purpose  are  water,  sugar,  gum, 
starch,  aramoniacal  salts,  and  earthy  salts,  such  as  sulphate  of  hme  and 
magnesia,  or  acetate  of  lime.  Pure  sulphate  of  quinia,  when  deprived  of  its 
water  of  crystallization  by  a  heat  of  1212°,  should  lose  only  from  8  to  10  per 
cent,  of  water.    Sugar  may  be  detected  by  dissolving  the  suspected  salt  in 
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witer,  and  wA^kagjndMj  to  mveh  earbooate  of  potaMi  aa  will  praeijpi. 
tate  the  qninia.  llie  taste  of  the  ausar,  no  longer  obaewrod  by  the  iii> 
tenaa  bitter  of  the  qainia,  will  generally  be  perceived;  and  it  aoaj  be  a^a- 
rated  ftom  the  Bolphate  of  potraa,  by  eraporating  gently  lo  dryneaa,  and 
duaohing  the  augar  by  boiline  alcohol.  6um  and  atarch  are  left  whas 
the  impore  aolphate  of  qiiinia  la  digeeted  in  atrong  aloohoL  Ammoniaeal 
aaltB  are  diaoorered  by  the  atrong  odour  of  ammonia,  which  nuiy  be  ob- 
eerved  when  the  aalphate  ia  put  into  a  warm  aolution  of  potaanu  Eaitby 
aalti  may  be  deteeted  by  bnming  a  portion  of  the  8al|riiate.  Sereial  of  tha 
preceding  direetiona  are  taken  from  a  paper  on  tha  aubjoot  by  Mr.  Phll^pa. 
(PhiL  Mag.  and  Ann.  iiL  111.) 

ilrt6tna.--Thi8  alkali  waa  obaerred  by  Pelletier  and  Corriol  in  1889  in  a 
aample  of  cinchona  bark  which  had  been  subetituted  for  the  ordinary  kinda 
of  bark,  and  ia  tery  analogous  to  cinchonia  and  quinia  in  ita  propertiea. 
By  reference  to  the  table  at  page  534,  it  will  be  seen  that  theee  three  allEa^ 
lies  have  auch  an  analogy  of  compoaition,  that  they  may  be  viewed  aa 
ozidea  of  the  same  compound  radical,  the  formula  of  which  ii  Cofl^'N^. 
(An.  de  Ch.  et  de  Ph.  IL  186.) 

Strychnia  and  Brucia. 

AryeAiiM.— Strychnia  waa  discovered  in  1818  by  PeUetter  and  Gafenlon 
in  the  fruit  of  the  Slrfehnof  ignaHa  and  l&ryeknot  nux  vomica^  and  bae 
aince  been  extracted  by  the  same  chemiata  from  the  Upaa.  (An.  da  Gh.  ei  de 
Ph.  X.  and  xxvi.) 

The  most  economical  process  for  preparing  thia  alkali  ia  that  reoom- 
mended  by  M.  Corriol.  (Journal  de  Pharmacia  for  October  1895,  pw  499.) 
It  consists  in  treating  nux  wimiea  with  successive  portions  of  odd  water, 
evaporating  the  solution  to  the  consistence  of  syrup,  and  precipitating  the 
gum  by  alcohol.  The  alcoholic  solution  is  then  evaporated  to  the  eonaisU 
ence  of  an  extract  b^  the  heat  of  a  water-bath.  The  extract,  which  oonaiali 
almost  entirely  of  igaaurate  of  atrychnia,  ia  diaM>lved  by  cold'  wattf,  and 
hf  thia  means  deprived  of  a  little  fiitty  matter,  which  had  originaUjr  bean 
diasolved,  probably  through  the  medium  of  the  gum.  The  aolution  la  next 
heated,  and  the  strychnia  precipitated  by  a  slight  excess  of  lime-water,  and 
then  dissolved  by  boiling  alcohol  On  evaporatinj^  the  apirit,  the  alkali  is 
obtained  pure  except  in  containing  a  little  brucia  and  coloarinff  aaaHer, 
both  of  woich  are  efibctually  remoml  by  maceration  in  dilute  aloohoL 

Strychnia  is  very  soluble  in  boiling  alcohol,  and  is  procured  in  minute 
four-sided  prisms  l^  allowing  the  solution  to  evaporate  spontaneonaly.  In 
this  state  it  is  anhydrous.  It  is  almost  insoluble  in  water,  requiring  more 
than  6000  parte  of  cold  and  2500  of  boiling  water  for  aolution ;  but  not- 
withstanding ita  sparing  solubility,  it  excites  an  insupportaUe  bitter- 
ness in  the  mouth.— Water  containing  only  1.600,000th  of  its  weight  of 
strychnia  has  a  bitter  taste.  It  haa  a  distinct  alkaline  reaction,  and  neii- 
truixes  acids,  forming  salts,  most  of  which  are  soluble  in  wator.  It  is 
united  in  the  nux  vomica  and  St  Ignatius's  bean  with  igaauric  acid  CPH® 
590).  By  the  action  of  strong  nitric  acid  it  yields  a  ced  colour ;  but  it  ap- 
pears fh>m  some  observations  of  Pelletier  and  Caventou,  that  the  red  tint  is 
owing  to  the  presence  of  some  imparity,  wluch  is  probably  brucia. 

Strychnia  is  one  of  the  most  virulent  poisons  hitherto  discovered,  and 
is  the  poisonous  principle  of  the  substance  in  which  it  ia  contained.  Its 
energy  is  so  ^rea(,  that  half  a  grain  blown  into  the  throat  of  a  rabbit  occa- 
aioned  death  in  the  course  of  five  minutes.  Its  operation  ia  alwaya  acoom- 
panied  with  symptoms  of  locked  jaw  and  other  tetanic  afiectiona. 

Hydrochlorate  of  strjrchnia  is  a  soluble  neutral  salt,  which  erystalliias 
readily  in  tufb  of  minute  quadrilateral  prisms  or  needles.  It  consasts  of 
937.75  parts  or  one  eq.  of  base  and  36.49  or  one  eq.  of  acid.  The  nen. 
tral  sulphate  crystallizes  in  small  transparent  cubes,  whidi  consist  (^single 
equivalenta  of  baae  and  acid,  united  with  three  eq.  of  water.  The  salt  when 
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heated  fiieee  in  iUi  water  of  crTStaUization,  and  is  rendered  anhydrooe.    It 
requires  ten  timet  its  weight  of  water  for  solution. 

Bniciai— >This  alkali  was  discovered  in  the  Brueea  arUidy$enteriea  by 
Pelletier  and  Caventou,  soon  afier  their  discovery  of  strychnia  (An.  de  Ch. 
et  de  Ph.  zii.) ;  and  it  likewise  exists  in  small  quantity  in  the  St.  Ignatius's 
bean  and  nux  vomica.  In  its  bitter  taste  and  poisonous  qualities,  it  is  veiy 
similar  to  strychnia,  but  is  twelve  or  sizteen  times  less  energetic.  It  is  so- 
luble both  in  hot  and  cold  alcohol,  especially  in  the  former ;  and  it  crystal- 
lizes when  its  solution  is  evaporated.  Its  crystals  dried  at  240^  lose  about 
19  per  cent  of  water,  and  are  hence  composed  of  275.99  parts  or  one  eq.  of 
the  acid  to  72  parts  or  eight  eq.  of  water.  Even  dilute  alcohol  by  aid  of 
heat  dissolves  Iniicia,  and  on  this  property  is  founded  the  method  of  sepa- 
rating it  fh>m  stryehnia.  'It  is  more  soluble  in  water  than  most  of  die 
other  vegetable  alkalies,  requiring  only  850  times  its  weight  of  cold,  and 
^  *  Wit 


500  of  boiling  water  ibr  solution.  With  nitric  acid  it  acquires  a  deep 
hlood-red  colour,  which  afterwards  passee  into  yellow ;  and  when  either  of 
these  changes  has  taken  place,  the  addition  of  protochloride  of  tin  pro- 
duces a  pretty  violet  tint,  and  a  precipitate  of  the  same  colour  subsides. 

Veratria,  Emetia,  Picrotoxia^  Corydaliay  Solaniay  fyc. 

FeratrM^-The  medicinal  properties  of  the  seeds  of  the  Veratnim  saba- 
diOs,  and  of  the  root  of  the  Veratrum  aOmm^  or  white  hellebore,  and  Col' 
ekium  mOumnaU  or  meadow  saffi-on,  are  owing^  to  the  peculiar  alkaline 
principle  veratria,  which  was  discovered  by  Pelletier  and  Caventou  in  1819 
(Joum.  de  Pharm.  vi.).  To  a  decoction  of  the  bruis^  seeds  of  the  Veratrum 
sabadilla  add  acetate  of  oxide  of  lead  as  long  as  a  precipitate  falls,  by 
which  means  extractive  matter  is  thrown  down :  the  filtered  sdution  is  de- 
prived of  lead  by  hydrosulphuric  acid,  the  excese  of  the  gas  expelled  by 
heat,  and  the  solution  boiled  with  mu^esia  or  slaked  lime  until  it  is  ren- 
dered alkaline.  The  precipitate  collected,  dried,  and  boiled  in  alcohol, 
yields  a  solution  of  veratria,  which  may  be  decolorized  by  digestion  with 
animal  charcoal,  and  be  obtained  by  evaporation.  It  may  be  procured  frota 
the  roots  of  the  two  other  plants  by  a  similar  process.  This  alkali,  which 
appears  to  exist  in  those  plants  in  combination  with  gallic  acid,  is  white 
and  pulverulent,  has  not  been  obtained  in  crystals,  fuses  at  280^,  is  in- 
odorous, and  of  an  acrid  taste.  It  requires  1000  times  its  weight  of  boiling, 
and  still  more  of  cold  water  for  solution.  It  is  very  soluble  in  alcohol,  and 
may  also  be  dissolved,  though  less  readily,  by  means  of  ether.  It  has  an 
alkaline  reaction,  and  neutralizes  acids ;  but  it  is  a  weaker  base  than  mor- 
phia, quinia,  or  strychnia.  It  acts  with  singular  energy  on  the  membrane 
of  the  nose,  exciting  violent  sneezings  though  in  very  minute  quantity. 
When  taken  intemuly  in  very  small  doses,  it  produces  excessive  irritation 
of  the  mucous  coat  of  the  stomach  and  intestines;  and  a  few  grains  were 
found  to  be  fatal  to  the  lower  animals. 

M.  Couerbe  has  prepared  the  sulphate  and  hydrochlorate  in  crystals, 
and  determined  the  probable  equivalent  of  veratria  as  given  at  page  524. 
(An.  de  Ch.  et  de  Ph.  hi.  376.) 

EmtHa, — Ipecacuanha  consists  of  an  oily  matter,  gum,  starch,  lignin, 
and  a  peculiar  principle,  which  was  discovered  in  1817  by  Pelletier,  and  to 
which  he  has  applied  the  name  of  emetine.  (Journal  de  Pharmacie,  iii.)  In 
order  to  extract  this  alkali,  the  oily  matter  is  first  removed  by  di|[e8tinff 
the  powdered  root  in  ether,  and  the  emetia  is  next  taken  up  by  boifing  af- 
eohei,  which  is  diluted  with  water,  and  the  spirit  expelled  by  distillation. 
Some  more  fatty  matter  is  thus  separated :  the  emetia  is  then  thrown  down 
by  b(Hling  the  aqueous  solution  with  magnesia.  It  may  be  decolorized  by 
animal  charcoal  in  the  usual  manner.  Emetia,  of  which  ipecacuanha  con- 
tains 16  per  cent,  appears  to  be  the  sole  cause  of  the  emetic  properties  of 
that  root 

finelia  is  a  white  pulyenilent  itdwtance,  of  a  ra&er  bitter  and  disagree. 
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able  lute,  sparingly  loluble  in  cold,  but  more  freely  in  hot  water,  and  in- 
soluble  in  ether.  It  is  readily  dissolved  by  alcohol.  At  122^  it  fuses.  It 
has  a  distinct  alkaline  reaction,  and  neutralizes  acids;  but  its  salts  are  little 
disposed  to  crysUllize.  (An.  de  Cb.  et  de  Ph.  uir.  181.) 

Picroioxia, — ^The  bitter  poisonous  principle  of  CoecukiM  indieus  waa  disco- 
vered in  1819  by  M.  BouJlay,  who  me  it  Die  name  oT  picratoxine.  Its 
elaim  to  the  title  of  a  vegetable  alkali,  among  which  class  of  bodies  it  was 
placed  by  its  discoverer,  has  been  called  in  question  by  M.  Cassaseca,  from 
whose  remarks  it  seems  that  picrotoxia  has  no  alkaline  reaction,  and  ikies 
not  neutralize  acidity.  It  combines,  however,  with  acids,  and  with  the  acetic 
and  nitric  acids  forms  crystallizable  compounds.  According  to  Oppermami 
100  parts  of  picrotoxia  contain  of  carbon  61.434,  hydrogen  6.11,  and  oxy- 
gen  32.456.  It  appears,  also,  that  the  menispermic  acid,  supposed  bj  M. 
Boullay  to  be  united  in  Cocculus  indieus  with  picrotoxia,  is  merelj  a  mixn 
ture  of  sulphuric  and  malic  acids.  (Eklinborgh  Journal  of  Science,  v.) 

Cotydalia. — This  alkali,  discovered  by  Dr.  Wackenroder,  is  contained  in 
the  root  of  the  fumitory,  (not  the  common  fumitory,  Fioaaris  tfieinalim, 
but)  Fumaria  cava  and  Corydalis  taberoBa  of  Decandolle.  It  exuta  in  the 
plant  as  a  soluble  malale,  is  precipitated  from  iii  aqueous  solution  by  mag- 
nesia, and  is  purified  by  alcohol. 

It  is  soluble  in  alcohol,  and  the  hot  saturated  solution  in  cooling  yields 
colourless  prismatic  crystals  of  a  line  in  length.  By  spontaneous  ev^mra- 
tion  fine  lamino  are  formed.  It  is  likewise  soluble  in  ether,  but  very 
sparingly  in  water.  It  is  insipid  and  inodorous;  but  when  dissolved  by 
acids  or  alcohol  it  is  very  bitter.  Its  solution  has  an  alkaline  reaction,  and 
it  neutralizes  acids.  Cold  dilute  nitric  acid  dissolves  it  and  yields  a  coloor- 
less  solution ;  but  when  heated  it  acquires  a  red  lint,  and  becomes  Uood-red 
when  concentrated.  Its  salts  are  precipitated  by  potassa,  pure  or  car- 
bonated,  and  by  infusion  of  gall-nuts.  The  precipitate  is  white  when  the 
solution  is  dilute,  and  grayish-yellow  if  concentrated.   (Phil.  Mag.  and  An. 

Solania, — The  active  principle  of  the  Stlanum  duleawkara^  or  woody 
nightshade,  was  procured  in  a  pure  state  \ff  Desfbsses ;  and  the  same  alkali 
exists  in  other  species  of  ttdanum,  Solania  is  combined  in  the  plant  vrith 
malic  acid,  and  is  thrown  down  of  a  gray  colour  by  ammonia  from  the  ex- 
pressed and  filtered  juice  of  the  ripe  berries.  After  being  ^ell  washed  and 
dried,  it  is  purified  by  solution  in  hot  alcohol,  from  which  by  8k>w  evapora- 
tion  it  is  deposited  as  a  white  powder  with  a  pearly  lustre.  It  is  insolnfale 
in  cold  water,  and  requires  8000  times  lie  weight  of  hot  water  for  solotion. 
Alcohol  is  its  proper  menstruum:  it  is  sparingly  dissolved  by  ether,  and  is 
insoluble  in  oil.  It  has  a  distinct  alkaline  reaction,  and  with  acids  forms 
neutral  salts,  which  have  a  bitter  taste.    (Journ.  de  Pharm.  vi.  and  vii.) 

Cynopia, — Professor  Ficinus  of  Dresden  has  discovered  a  new  alkali  in 
the  Mthusa  Cvnapium,  or  lesser  hemlock,  to  which  he  has  given  the  name 
of  Cynopia,  It  is  crystallizable,  and  soluble  in  water  and  alcohol,  but  not 
in  ether.  The  crysufs  are  in  the  form  oi  a  rhombic  prism,  which  is  also 
that  of  the  crystals  of  the  sulphate. 

Ddphia. — This  substance  was  discovered  about  the  same  time  by  Fe- 
neuille  and  Lassaigne  in  France,  and  Brandes  in  Germany,  in  the  seeds  of 
the  Delphinium  Slaphysapia  or  Stavuacre.  It  is  easily  prepared  by  digest- 
ing the  seeds  in  water  acidulated  with  sulphuric  acid,  and  predpiUting  by 
magnesia  or  other  alkaline  substance.  It  is  then  purified  in  the  usual  man- 
ner by  solution  in  alcohol  and  digestion  with  animal  charcoal.  It  is  left  by 
evaporation  as  a  while  crystalline  powder,  which  is  almost  insoluble  in 
water,  but  is  dissolved  by  alcohol,  ether,  and  the  oils.  It  has  a  feeble  alka- 
line reaction,  and  yields  neutral  salts  of  a  bitter  taste,  but  which  rarely 
crystallize.   (An.  de  Ch.  et  de  Ph.  xii.  and  Iii.  364) 

Akhea  was  announced  by  M.  Bacon  of  Caen  as  a  new  vegeUble  alkali, 
•aid  to  be  procured  from  the  root  of  the  marsh.mallow  (Althaea  Officinalis). 
According  to  M.  Plisson  this  alkali  has  no  existence,  and  what  was  thought 
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to  be  nipeniialate  of  altbea  is  uparaffm.  From  the  ezperimentB  of  Witt- 
stock  it  appears  that  the  asparagin  n>und  by  Plisson  does  not  exist  in  the 
plant  itself:  the  aqaeous  solution  of  the  marsh-mallow  contains  sagar,  a 
mucilamotts  matter,  and  a  pecoliar  vegetable  acid  containing^  nitrogen, 
whioh  IS  united  with  magnesia;  and  by  the  mutual  action  of  Siese  ingre- 
dients of  the  solotion,  the  asparagin  or  uthein  is  generated.  (Pog.  Annuen, 
XZ.346.) 

Sanguinarim  is  a  vegetable  alkali,  obtained  by  M.  Dana  from  the  iKift- 
guinaria  CaruidennB,  called  Hood-root  in  America,  fVom  the  red  colour  of 
its  juice.  The  powdered  root  is  digested  in  pure  alcohol,  and  the  red  solu- 
tion mixed  with  a  little  ammonia  is  poured  into  water,  when  a  brown  matter 
subsides.  After  washing  carefully,  and  removing  colouring  matter  by  ani- 
mal charcoal,  the  alkdi  is  removed  by  hot  alcohol,  and  obtamed  by  evapora- 
tion  as  a  pearly  white  matter  of  an  acrid  taste  and  alkaline  reaction.  By 
exposure  to  air  it  becomes  yellow.  It  is  insoluble  in  water,  but  is  dissolved 
by  alcohol  and  ether.  Its  salts  have  a  red  colour.  (PhiL  Mag.  and  An. 
V.  151.) 

Nieotina4 — ^This  alkali  was  extrj^cted  by  MM.  Poeselt  and  Reimann  from 
the  leaves  of  tobacco,  and  also  exists  in  the  seeds.  At  common  tempera- 
tures, and  even  at  21^,  it  is  a  liquid,  usually  of  a  yellow  tint,  but  colourless 
and  transparent  when  pure ;  it  has  a  pungent  odour  like  that  of  tobacco, 
and  an  acrid  burning  taste  which  lasts  a  lon^  time.  It  is  highly  poisonous, 
a  single  drop  being  fatal  to  a  dog.  It  rises  in  vapour  at  212^,  and  boib  at 
475^,  but  is  decomposed  at  the  same  time.  Water  dissolves  it  in  all  propor- 
tions, and  it  is  very  soluble  in  ether,  which  withdraws  it  from  its  aqueous 
solution.  It  has  a  distinct  alkaline  reaction,  and  forms  with  acids  neutral 
salts,  several  of  which  are  crystallizable. 

Besides  the  vegetable  alkalies,  already  described,  it  has  been  rendered 
highly  probable,  chiefly  by  the  researches  of  M.  Brandcs,  that  several  other 
plants,  such  as  the  Airopa  belladonna^  Conium  maetdatum^  Hyooeyamuo 
niger.  Datura  otramonium,  and  DigitalU,  owe  their  activity  to  the  presence 
of  an  alkali.  Vauquelin  rendered  it  probable  that  an  alkali  is  contained  in 
the  Daphne  mexereum,  to  which,  if  it  exist,  the  name  of  daphnia  may  be 
applied. 


SECTION  III. 

NEUTRAL  SUBSTANCES,  THE  OXYGEN  AND  HYDROGEN  OF 
WHICH  ARE  IN  THE  SAME  RATIO  AS  IN  WATER. 

The  substances  contained  in  this  section  are  remarkable  for  a  close  re- 
semUance  in  the  ratio  of  their  elements.  They  may  be  viewed,  like  several 
of  the  vegetable  acids  (page  497),  as  hydrates  of  carbon;  though  in  all 
probabili^  their  elements  are  combined  with  each  other  in  a  ^erj  different 
order.  The  proportions  in  which  the^  unite  with  other  bodies  is  so  imper- 
fectly known,  that  their  atomic  constitution  has  not  been  satisfactorily  de- 
termined.   Their  composition,  stated  in  100  parts,  is  as  follows:— 

Carbon.  Hydrogen.  Oxygen.           Analyzed  by 

Pure  cane  sugar  43.85  6.35  50.8  Prout 

Mannite               38.7  6.8             54i»  Do. 

Wheat  starch       43.55  6.77            49.68  Gay-Lussac  and  Thenud. 

Potato  starch        44.25  6.67           49.08  BeraeUus. 

Gum-arabic          42J23  6.93           50.84  Gay-Lussac  and  Thenatd. 

Lignin                 51.45  5.82           42.73  Gay-Lussac  and  Thenard. 

45* 
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Sugar, 


Sugar  is  an  abandant  vegetable  product,  existing  in  a  great  maoy  ripe 
Bruits,  though  few  of  them  contain  it  in  sufficient  quantity  lor  being-  ooQeciU 
ed.  The  juice  which  flows  from  incisions  made  in  the  trank  of  the  Amch* 
can  msple  tree,  is  so  powerfully  saccharine  that  it  may  be  applied  to  xatM 
purposes.  Sugar  iras  prepared  in  France  and  Germany  during  the  late  war 
from  the  beet-root;  and  this  manufacture  is  at  present  carried  on  in  France 
on  a  scale  of  considerable  magnitude.  Proust  extracted  it  in  Spain  frooi 
grapes.    But  most  of  the  sugar  at  present  used  in  ESurope  is  obtained  froB 
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the  sugar-cane  {Amndo  $accharifera)^  which  contains  it  in  a  greater  qaan- 
tity  than  any  other  plant.  The  process,  as  practised  in  our  West  India 
Islands,  consists  in  evaporating  the  juice  of  the  ripe  cane  by  a  modenle 
and  cautious  ebullition,  until  it  has  attained  a  proper  degree  of  consistence 
for  crystallizing.  During  this  operation  lime-water  is  added,  partly  ibr  tbe 
purpose  of  neutralizing  free  acid,  and  partly  to  facilitate  the  sqisntioo  of 
extractive  and  other  vegetable  matters,  which  unite  with  the  lime  and  rise 
as  a  scum  to  the  surface.  When  the  syrup  is  sufficiently  concentiated,  it  is 
drawn  off  into  shallow  wooden  coolers,  where  it  becomes  a  soft  solid  oono- 
posed  of  loose  crystalline  grains.  It  is  then  put  into  barrels  with  boles  in 
the  bottom,  tlirough  which  a  black  ropy  juice,  called  molasses  or  treade, 
-radually  drops,  leaving  the  crystallized  sugar  comparatively  white  and  dry. 
n  this  state  it  constitutes  raw  or  muscovado  sugar. 
Raw  sugar  is  further  purified  by  boiling  a  solution  of  it  with  white  of 
eggs,  or  the  serum  of  bullock^s  blood,  lime-water  being  generally  employed 
at  the  same  time.  When  properly  concentrated,  the  <wified  juice  is  re- 
ceived  in  conical  earthen  vessels,  the  apex  of  which  is  undermost,  in  order 
that  the  fluid  parts  may  collect  there,  and  be  aflerwards  drawn  off  by  the 
removal  of  a  plug.  In  this  state  it  is  loaf  or  refined  sugar.  In  the  process 
of  refining  sugar,  it  is  important  to  concentrate  the  syrup  at  a  low  tempera- 
ture ;  and  on  this  account  a  very  great  improvement  was  introduced  some 
years  ago  by  conducting  the  evaporation  in  vacuo. 

Pure  sugar  is  solid,  white,  inodorous,  and  of  a  very  agreeable  taste.  It 
is  hard  and  brittle,  and  when  two  pieces  are  rubbed  against  each  other  in 
the  dark,  phosphorescence  is  observed.  It  crystallizes  in  the  form  of  foor  or 
six-sided  prisms  bevelled  at  the  extremities.  The  crystals  are  best  made  by 
fixing  threads  in  syrup,  which  is  allowed  to  evaporate  spontaneously  in  a 
warm  room ;  and  the  crystallization  is  promoted  by  adding  spirit  of  wine. 
In  this  state  it  is  known  by  the  name  of  sugar-candy. 

Sugar  undergoes  no  change  on  exposure  to  the  air ;  for  the  deliquescent 
property  of  raw  sugar  is  owing  to  impurities.  It  is  soluble  in  an  equal 
weight  of  cold,  and  to  almost  any  extent  in  hot  water.  It  is  soluble  in  about 
four  times  its  weight  of  boiling  alcohol,  and  the  saturated  solution,  by  cooL 
ing  and  spontaneous  evaporation,  deposites  large  crystals.  When  the 
aqueous  solution  of  sugar  is  mixed  with  yeast,  it  undergoes  the  vinous  fer- 
mentation, the  theory  of  which  will  be  explained  in  a  subsequent  section. 

Sufirar  unites  with  the  alkaKes  and  alkaline  earths,  forming  compounds  in 
which  the  taste  of  the  sugar  is  greatly  injured ;  but  it  may  be  obtained 
again  unchanged  by  neutralizing  with  sulphuric  acid,  and  dissolving  the 
sugar  in  alcohol.  When  boiled  with  oxide  of  lead,  it  forms  an  insoluble 
compound,  which  consists  of  56.26  parts  of  oxide  of  lead,  and  41.74  parts 
of  sugar  (Bcrzelius) ;  but  it  is  not  precipitated  by  acetate  or  subacctate  of 
oxide  of  lead. 

Sulphuric  acid  decomposes  sugar  with  deposition  of  charcoal ;  and  nitric 

acid  causes  the  production  of  oxalic  acid,  as  already  described  in  a  former 

section.  Tbe  vegetable  acids  diminish  the  tendency  of  sugar  to  crystallize. 

Sugar  is  very  easily  affected  b^  heat,  acquiring  a  dark  colour  and  burned 

flavour.    At  a  high  temperature  it  yields  the  usual  products  of  the  destruc- 
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live  distUlation  of  vegetable  matter,  together  with  a  oonaiderable  quantity 
of  pyromucic  acid. 

Sorar  as  obtained  from  different  sources  varies  somewhat  in  composition. 
The  largest  quantity  of  carbon  was  found  by  Front  in  cane  sugar  as  exem- 
plified in  BUgar>candy  and  the  best  loaf-sugar,  dried  at  212^,  which  contain 
42.85  per  cent. ;  while  sugar  from  honey  contains  only  36.36  per  cent,  of 
carbon.  He  considers  the  sugar  from  starch,  diabetic  urine,  and  grapes,  to 
be  nearly  the  same  as  that  from  honey.  The  sugar  from  the  maple-tree  and 
the  beet-root  corresponds  with  cane  sugar ;  but  the  quantity  of  carbon  in 
these  varieties  appears  to  vary  from  40  to  42.85  per  cent  (Phil.  Trans.  1827.)' 
If  sufar  with  40  per  cent,  of  carbon  be  taken  as  standard  sugar,  we  may 
consider  sugar  as  containing  carbon,  hydrogen,  and  oxygen  in  the  ratio  of 
their  equivalents. 

MoiasBes. — The  saccharine  principle  of  treacle  has  been  supposed  to  be 
different  from  crystallizable  sugar ;  bat  it  chiefly  consists  of  common  sugar, 
which  is  prevented  from  crystallizing  by  the  presence  of  foreign  substances, 
such  as  saline,  acid,  and  other  vegetable  matters. 

Sugar  of  Grapes, — ^The  sugar  procured  from  the  grape  has  the  essential 
properties  of  cane  sugar,  though  not  quite  so  sweet ;  and  it  contains  rather 
less  carbon.  The  saccharine  principle  of  the  acidulous  fruits  has  not  been 
particularly  examined.  It  is  obtained  with  difficulty  in  a  pure  state,  owing 
to  the  presence  of  vegetable  acMs,  which  prevent  it  from  crystallizing. 

A  saccharine  substance  similar  to  tliat  firom  grapes  may  be  procured  from 
several  vegetable  principles,  such  as  starch  and  the  ligneous  fibre,  by  the  ac- 
tion of  sulphuric  acid. 

Honey. — According  to  Proust,  honey  consists  of  two  kinds  of  saccharine 
matter,  one  of  which  crystallizes  readily  and  is  analogous  to  common  sugar, 
while  the  otlier  is  uncrystallizable.  They  may  be  separated  by  mixing 
honey  with  alcohol,  and  pressing  the  solution  through  a  piece  of  linen.  The 
liquid  sugar  is  removed,  and  the  crystallizable  portion  is  left  in  a  solid  state. 
Besides  sugar  it  contains  mucilaginous,  colouring,  and  odoriferous  matter, 
and  probably  a  vegetable  add.  Diluted  with  water,  honey  is  susceptible  of 
the  vinous  fermentation  without  the  addition  of  yeast 

The  natural  history  of  honey  is  as  yet  impertect  It  is  uncertain  whether 
honey  is  merely  collected  by  the  bee  from  the  nectaries  of  flowers,  and  then 
deposited  in  the  hive  unchanged,  or  whether  the  saccharine  matter  of  the 
flower  does  not  undergo  some  ohange  in  the  body  of  the  animaL 

A£(infia.^-This  saccharine  matter  is  the  concrete  juice  of  several  species 
of  ash,  and  is  procureid  in  particular  from  the  Fraadnua  omus.  The  sweet- 
ness  of  manna  is  owin^,  not  to  sugar,  but  to  a  distinct  principle,  called  man- 
nUe^  which  is  mixed  with  a  peculiar  vegetable  extractive  matter.  Manna  is 
soluble  both  in  water  and  boiling  alcohol,  and  the  latter,  on  cooling,  depo- 
sites  pure  mannite  in  the  form  of  minute  acicular  crystals,  which  are  often 
acranfifed  in  concentric  gcoups.  Mannite  -differs  from  sugar,  in  not  ferment- 
ing wnen  mixed  with  water  and  yeast 

Sugar  af  Liquorice. — ^The  root  of  the  Glycyrrhixa  glabra^  as  also  the 
black  extract  of  the  root  well  known  under  the  name  of  itgstortce,  contains  a 
saccharine  principle ;  but  it  is  quite  distinct  from  sugar.  It  may  be  pre- 
pared by  infusing  the  root  in  boiling  water,  filtering  when  cold,  and  gra^ 
dually  adding  sulphuric  acid  .as  long  as  a  precipitate,  which  is  a  compound 
of  the  acid  and  saccharine  matter,  is  formed.  It  is  first  washed  with  water 
acidulated  with  sulphuric  acid,  and  then  with  pure  water ;  and  it  is  subse- 
quently  dissolved  in  alcohol,  which  leaves  a  little  vegetable  albumen  and  mu- 
cilage. Solution  of  carbonate  of  potassa  is  then  added  very  gradually,  so  as 
exactly  to  neutralize  the  acid ;  and  afler  the  sulphate  of  potassa  has  subsided, 
the  alcoholic  solution  is  decanted  and  evaporated.  It  may  also  be  obtained 
in  a  similar  manner  from  the  extract,  except  that  the  solution,  when  first 
made,  must  be  purified  by  white  of  egg. 

Sugar  of  liquorice  is  thus  procured  in  the  form  of  a  yellow  transparent 
mass,  which  is  unchangeable  in  the  air,  and  soluble  in  water  and  alcohol.  It 
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m  chanctMiMd  by  its  tendencjr  to  ibmi  ■p«rin|rly  tQloUe  oompoands  witli 
acids,  which  accordingly  precipitate  it  firom  ita  aolution  in  odd  water.  It 
imitea  alao  readily  with  alkaline  bases ;  and  when  digested  in  water  eon. 
taining^  carbonate  of  potassa,  baryta,  or  lime,  carbonic  acid  is  slowly  evolved, 
and  a  sdaUe  compound  of  the  base  with  the  saccharine  matter  is  generated 
(Benetius.) 

Starch  or  Fecula. — ^/Imidine. 

Starch  exists  abundantly  in  the  vegetable  kingdom,  being  one  of  the  dtiki 
ingredients  of  most  varieties  of  grain,  of  some  roots,  such  as  the  potato,  and 
of  the  kernels  of  l^fuminous  pUuits.  It  is  easily  procured  by  letting  a  small 
current  of  water  fall  upon  the  dough  of  wheat-flour  enclosed  in  a  piece  ef 
Unen,  and  subjecting  it  at  the  same  time  to  pressure  between  the  fingers, 
until  the  liquid  passes  off  quite  clear.  The  gluten  of  the  floor  is  left  m  a 
pure  state,  the  saccharine  and  mucilaginous  matters  are  dissolred,  and  (lie 
starch  is  washed  away  mechanically,  being  deposited  from  the  water  €Xk 
standing  in  the  form  of  a  white  powder.  The  starch  of  oommeroe  is  ob- 
tained  by  an  analo^roQe  process  from  the  grain  of  wheat  and  from  the  potato; 
but  in  the  preparation  of  wheat  starch,  the  water  containing  tlie  sdobk  and 
insoluble  parts  of  the  grain  is  allowed  to  ferment,  whereby  acetic  acid  is 
generated,  which  disso&es  the  glutinous  portion,  and  thus  flicilitatea  its  ae- 
paration  from  the  starch.  The  microscopic  researches  of  Raspnil  have 
proved  that  starch,  as  it  exists  in  plants,  occurs  as  white,  shining,  but  un- 
crystalline,  particles,  each  of  which  has  its  own  proper  envelope  of  an  amy. 
laceoos  nature,  but  more  insoluble  in  water  than  the  interior  partidesL 

Starch  is  insipid  and  inodorous,  of  a  white  colour,  and  is  insoluble  in  al^ 
cohol,  ether,  and  cold  water.  It  does  not  crystallize ;  but  it  is  commonly 
found  in  the  shops  in  six-sided  cdnmns  of  considerable  regularity,  a  form 
occaatoned  by  the  contraction  which  it  sufiers  in  drying.  Boiling  water  acts 
upon  it  readily,  converting  it  into  a  tenacious  bulky  jel^,  which  is  em^doyed 
for  stiffening  linen.  In  a  large  quantity  of  hot  water,  it  is  dissolved  com- 
pletely, and  is  not  deposited  on  cooling.  The  aqueous  solution  b  precipi- 
tated 1^  subacetate  of  oxide  of  lead ;  but  the  best  test  of  starch,  by  which  it 
is  distinguished  from  ail  other  substances,  is  iodine.  This  principle  forms 
with  starch,  whether  solid  or  in  solution,  a  blue  compound  which  is  insofai* 
ble  in  cold  water :  with  hot  water  it  forms  a  colourless  solution,  which  depe^ 
sites  the  blue  compound  as  it  cools ;  but  when  boiled  with  water,  iodine  acts 
upon  the  elements  of  the  starch,  hydriodic  acid  is  formed,  and  then  on  cool- 
ing the  blue  iodide  of  starch  is  not  reproduced. 

Starch  unites  with  the  alkalies,  forming  a  compound  which  is  soluble  in 
water,  and  from  which  the  starch  is  thrown  down  by  acids.  On  mixing  so- 
lutions of  starch  with  baryta,  lime,  and  subacetate  of  oxide  of  lead,  white 
insoluble  compounds  are  obtained :  and  that  with  oxide  of  lead,  formed  at  a 
boiling  temperature  with  excess  of  the  suhsalt,  contains  72  parts  of  starch 
and  28  of  oxide  of  lead.  (Berzelius.)  Strong  sulphuric  acid  decomposes  it 
Nitric  acid  in  the  cold  dissolves  starch ;  but  converts  it  by  the  aid  of  h«tt 
into  oxalic  and  malic  acid. 

The  efi*ect8  of  heat  on  starch  are  peculiar,  and  have  been  examined  by 
Caventou.  (An.  de  Ohim.  et  de  Ph.  xxxi.)  On  exposing  dry  starch  to  a  tem- 
perature a  little  above  212^  it  acquires  a  slightly  red  tint,  emits  an  odour  of 
baked  bread,  and  is  rendered  soluble  in  cold  water ;  and  a  similar  modifica- 
tion is  eflected  by  the  action  of  hot  water .  Gelatinous  starch  is  generally 
supposed  to  be  a  hydrate  of  starch ;  but  Caventou  maintains  that  the  jeOy 
cannot  by  any  method  be  restored  to  its  original  state.  He  regards  this  mo- 
dified starch  as  identical  with  the  substance  described  byBaussure  under 
the  name  of  amwftne.  Saussure  thought  it  was  generated  by  exposing  a 
paste  made  with  starch  and  water  for  a  long  time  to  the  air;  but  accorduf 
to  Caventou,  the  amidine  was  formed  by  the  action  of  the  hot  water  on 
starch  in  making  the  paste.    Its  essential  character  is  to  yield  a  blue  cdoor 
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with  iodine,  and  to  be  soluble  in  cold  water.  On  gently  evaporating  the  eo- 
lation to  dryness,  it  becomes  a  transparent  mass  like  horn,  which  retains  its 
solubility  in  cold  water. — ^To  terrified  starch,  that  is,  to  starch  thos  modified 
by  heat,  whether  in  the  dry  way  or  by  boiling  water,  the  term  amidine  may 
be  applied. 

When  starch  is  exposed  to  a  still  higher  temperature  than  is  sufficient  for 
its  conversion  into  amidine,  a  more  complete  change  is  effected.  It  then 
assumes  a  reddish-brown  colour,  swells  up  and  softens,  dissolves  with  much 
greater  facility  in  cold  water,  and  gives  with  iodine  cither  a  purple  colour 
or  none  at  all.  In  this  state  it  is  very  analogous  to  gum,  and  is  employed 
by  calico-printers  under  the  name  of  BritiM  gum ;  but  it  differs  from  real 
gum  in  not  yielding  mucic  acid  by  digestion  with  nitric  acid.  A  similar 
change  may  be  produced  by  long-continued  ebullition. 

Starch  is  readily  convertible  into  sugar.  This  change  takes  place  in 
seeds  daring  germination,  as  in  the  muting  of  barley;  and  a  similar  con- 
version appears  in  some  instances  as  an  efiect  of  frost,  as  in  the  potato, 
apple,  and  parsnip.  Saccharine  matter  is  also  developed  when  gelatinous 
starch  is  kept  in  a  moist  state  for  a  long  time,  either  with  or  without  the 
aeccss  of  air.  If  starch  is  boiled  for  a  considerable  time  in  water  acidu- 
lated with  1.12th  of  its  weight  of  sulphuric  acid,  it  is  wholly  converted  into 
a  saccharine  matter  similar  to  that  of  the  grape;  and  this  change  takes 
place  much  more  rapidly  if  the  temperature  is  a  few  degrees  above  212°. 
This  fact  was  first  observed  by  Kirchoff,  and  has  since  been  particularly 
examined  by  Vogel,  De  la  Rive,  and  Saussure.  It  has  been  established  by 
Saussure  that  the  oxygen  of  the  air  exerts  no  in6uence  over  the  process, 
that  no  gas  is  disengaged,  that  the  quantity  of  acid  suilbrs  no  diminution, 
that  100  parts  of  starch  yield  110.14  of  sugar,  and  that  the  on\j  difierence 
in  the  composition  of  starch  and  sugar  is,  that  the  latter  contains  more  of 
the  elements  of  water  than  the  former.  He  hence  inferred  that,  in  Kirchoff*s 
process,  the  starch  is  converted  into  sugar  by  its  elements  combining  with 
a  certain  quantity  of  oxygen  and  hydrogen  in  the  proportion  to  form  water; 
and  that  the  acid  ads  only  by  increasing  the  fluidity  of  the  mass.  (Annals 
of  Philosophy,  vi.) 

The  researches  of  Caventoa,  already  referred  to,  have  thrown  considera- 
ble light  on  the  chemical  nature  of  several  of  the  amylaceous  principles  of 
commerce.  The  Indian  arrow-root^  which  is  prepared  from  the  root  of  the 
Maranta  arundinaeeoy  has  all  the  characters  of  pure  starch.  Sago,  obtain- 
ed fVom  the  cellular  substance  of  an  East-Indian  palm-tree  (Sa^uB  farinu 
/era),  and  tapioca  and  cassava  from  the  root  of  the  Jdtropha  ManVuft,  are 
chemically  the  same  substance.  They  both  exist  in  the  plants  from  which 
they  are  extracted  in  the  form  of  starch ;  but  as  heat  is  employed  in  their 
preparation,  the  starch  is  more  or  less  completely  converted  into  amidine. 
It  hence  follows  that  pure  potato  starch  may  be  used  instead  of  arrow-root; 
and  that  the  same  material,  modified  hy  heat,  would  afford  a  good  substitute 
fi>r  sago  and  tapioca.  Salop,  which  is  obtained  from  the  Orchis  maseuhiy 
consists  almosT entirely  of  the  substance  called  ftiwsmn,  together  with  a 
small  quantity  of  gnm  and  starch. 

When  starch  moistened  with  water  is  digested  with  an  equal  weight  of 
peroxide  of  manganese,  a  volatile  acid,  possessed  of  an  odour  similar  to  hy- 
drocyanic acid,  passes  over.  Its  discoverer,  M.  Tonnermann,  who  has  given 
it  the  name  of  amylie  acid,  considers  it  a  compound  of  three  equivalents  of 
oxygen  and  two  and  a  half  eq.  of  carbon ;  but  it  requires  further  examina- 
tion before  being  enamerated  as  a  distinct  acid.  (Journal  of  Science,  N.  S. 
iv.44i4.) 

Crum* 

Under  this  name  I  include  all  those  immediate  vegetable  principles  which 
form  with  water  a  clammy  adhesive  solution  called  mucuofe^  and  which 
when  boiled  with  aboat  four  tioies  their  weight  of  nitric  acid  yield  mucir 
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aetd.    The  nitrio  acid  naed  fbr  the  prodootioQ  of  mucio  leid  ahonld  have  a 
denuty  of  1.339  at  50''  F. 

The  properties  of  gum  are  beat  atadied  in  pure  apecimeoa  of  giim.«rablCy 
of  which  it  is  the  principal  ingredient  It  is  coloorlesa,  transparent,  in- 
odorous, and  insipid,  and  when  dry  it  is  very  brittle,  and  has  a  vitreona 
fracture.  When  put  into  water,  either  hot  or  Cold,  it  softeos,  and  thflo  dis- 
aolves,  constituting  mucilaj|re.  It  is  insoluble  in  ether  and  aloohd,  and  the 
former  precipitatea  gum  From  its  solution  in  the  form  of  opaque  white 
flakes.  Its  solnbilitj  is  increased  both  by  acids  and  alkalies.  Strong  sul- 
phuric acid  deoomposea  it,  causing  the  formation  of  water  and  acetb  acid, 
with  depoaition  of  charouaL  Heated  with  a  quantity  of  nitric  acid  inaoffi- 
oient  for  Uie  production  of  mucic  acid,  it  yields  an  acid  reaembling  the 
malic.  The  flreatest  quantity  of  mucio  acid  which  can  be  procured  from 
pure  gum  is  16.88  per  cent  (Guerin  in  An.  de  Ch.  et  do  Ph.  zlix.  248.) 

The  aqueous  solution  of  gum  may  be  preserved  a  conaiderable  time  with- 
out alteration ;  but  at  length  it  becomes  sour,  and  ezhalea  an  odour  of  acetic 
acid,  a  change  which  takea  place  without,  exposure  to  the  air,  and  most, 
therefore,  be  owing  to  a  new  arrangement  of  its  own  elements. 

Gum  is  precipitated  from  its  adution  in  water  by  several  metallic  aalta, 
and  eapecially  by  aubaoetate  of  oxide  of  lead,  which  occaaiona  a  curdy  pra- 
oipitate,  consistmg  of  38.25  parte  of  oxide  of  lead  and  61.75  parte  of  giim. 
(Beraelius).  It  is  also  thrown  down  by  a  solution  of  ailicated  potaaaa,  but 
this  teat  is  leas  delicate  than  the  salt  of  lead. 

When  gum  is  heated  to  redness  in  doae  veaaels,  it  yields,  in  addition  to 
the  usual  products,  a  small  tjuantity  of  ammonia,  owing  to  some  impuri^, 
probably  gluten^  with  which  it  ia  generally  associated. 

Oum-Arabie» — ^Thia  substance  is  the  concrete  juice  of  several  species  of 
the  Mtsttosa  or  Acacia^  natives  of  Africa  and  Arabia.  It  occurs  in  small, 
rounded,  transparent,  friable  grains,  which  are  aometimes  coloorlesB,  and  at 
others  yellow,  red,  or  brown.  lU  density  is  1.355.  Dried  at  250o  M.  Guerin 
fiwnd  It  to  lose  17.6  per  eent  of  water:  the  remaining  82.4  when  burned 
yielded  3  parts  of  an  aah,  ooosisting  of  the  carbonates  of  lime  and  potaaaa, 
a  little  phosphate  of  lime,  chloride  of  potassium,  oxide  of  iron,  alumina, 
ailiea,  and  magnesia.  When  gum-arabic  ia  dissolved  in  water,  a  small 
quantity  of  inaunble  matter  oont«ining  nitrogen  is  left,  and  a  portion  of  it 
appears  to  be  dissolved  in  the  mucilage.  The  solution  of  the  gum  contanm 
a  Bupermalate  of  Ume,  the  chloridea  of  calcium  and  potassium,  and  acetate 
of  potassa.  (Guerin.)    Theae  may  be  removed  by  digestion  in  aicoboL 

OtMrn^Senegmly  the  juice  of  the  Aeaeia  SenegaUnna^  contains  exactly  the 
same  principle  aa  ^um-arabic  The  mucilage  of  linseed,  and  probably  of 
most  of  the  mucilaginoua  aeeda  and  plants,  poesesses  the  essential  characten 
of  gum-arabic. 

SuM-Dramieantk,  the  juice  of  the  AHragoku  gummifer^  differs  essen- 
tially  from  ue  pure  gums.  According  to  Guerin,  100  parts  contain  11.1  of 
water,  2.5  of  ashes  left  when  the  gum  is  burned,  53.3  of  pure  gum  soluble 
in  cold  water,  and  identical  with  that  of  gum-arabic,  and  33.1  of  bassorin 
and  starch,  which  is  the  part  left  undissoli^  by  cold  water. 

The  gum  which  issues  from  several  trees  of  the  genus  Prumif,  as  from 
the  peadi,  plum,  apricot,  and  cherry-tree  (P.  Csrosiia),  waa  found  by  Dr. 
Boatock  U>  yield  mucic  acid  by  the  action  of  nitric  acid  (Nicholson's  Jour- 
nal, xviii.)*  M.  Guerin  finds  it  to  be  identical  in  oompoaition  with  gum- 
arabic  It  differs,  however,  in  being  insoluble  in  cold  water;  but  when 
boiled  in  that  liquid,  it  is  dissolved,  and  the  solution  has  all  the  characters  of 
pure  mucilage.  In  fact  cherry-tree  gum,  which  Guerin  distinguishes  by 
the  name  of  ceroain,  seems  isomeric  with  the  standard  gum,  and  aoquirea 
identity  of  character  by  the  mere  influence  of  heat 

The  gelatinous  principle  of  fruits,  such  as  is  derived  from  the  currant  or 
gooseberry,  appeara  te  be  very  closely  allied  to  gum.  It  is  precipitated 
from  the  juice  by  free  admixture  with  aloohdl,  forma  a  muoiUginoua  sohi- 
tion  with  wator,  though  leas  adheaiye  than  gum,  ia  nentni  to  teat  paper. 
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tnd  with  nitric  «cid  yields  macic  and  oxalic  acids.  It  is  distingoiBhed  how- 
ever firom  pore  gam  bj  beinff  instantly  eonTerted  into  pectic  acid  by  the 
presence  of  a  fizeid  alkali  or  alkaline  earth :  on  adding  potassa,  and  then  an 
acid,  a  jelly  fidls,  possessed  of  all  the  characters  of  pectic  add ;  and  when 
baryta  is  employed,  a  pectate  of  baryta  subsides.  Tlie  jelly  of  froits  is 
thns  distinct  from  giim,  and  Braconnot,  by  whom  these  ftcts  were  observed, 
proposes  fiir  it  the  name  of  jMef tn.  (An.  de  Ch.  et  de  Ph.  zlvu.  266.) 

Lignin, 

lAgnin^  or  woody  JIhre  constitutes  the  fibrous  structure  of  vemtable  sub- 
stances, and  is  the  most  abundant  principle  in  plants.  The  dlmrent  kinds 
of  wood  contain  about  96  per  cent  of  lignin.  It  is  prepared  by  digesting 
the  sawin^B  of  any  kind  ia  wood  suooessively  in  alcohol,  water,  and  dilate 
hydrochloric  add,  until  all  Che  substances  soluhie  i-  *' -* 


Lignin  has  ndther  taste  nor  odour,  undergoes  no  change  by  keeping,  and 
is  insoluble  in  alcohol,  water,  and  the  dilute  adds.  By  digestion  in  a  con- 
centrated solution  of  pure  potassa,  it  is  converted  according  to  Braconnot 
into  a  substance  similar  to  ulmin.  Mixed  with  strong  sulphuric  acid  it 
suffers  decomposition,  and  is  changed  into  a  matter  resembling  gum ;  and 
on  boiling  the  liquid  fat  some  time  the  raudlage  disappears,  and  a  saccha- 
rine princii^e  like  the  sugar  of  grapes  is  generated.  Braconnot  finds  that 
several  other  substances  which  consist  chiefiy  of  woody  fibre,  such  as  straw, 
bark,  or  linen,  yield  sugar  br  a  similar  treatment  (An.  de  Ch.  et  de  Ph.xii.) 
Digested  in  nitric  add,  ligmn  is  converted  into  the  ozalio,  malic,  and  acetic 
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OLEAGINOUS,  RESINOUS,  AND  BITUMINOUS  SUBSTANCES. 

Tn  compounds  included  in  this  section,  besides  being  otherwise  allied, 
are  remarkaUe  for  their  combustibility,  and  supply  the  materials  used  in 
the  arts  ibr  the  production  of  heat  and  light  Most  of  them  contain  a  much 
larger  quantity  of  hydrogen  than  suffices  for  forming  water  with  their  oxy- 
gen. They  exert  in  general  but  a  very  feeUe  affinity  for  other  bodies,  and 
consequently  their  combining  weights  and  atomic  constitution  have  in  few 
mstances  been  determined.  Their  compoeitian  will,  therelbre,  be  best  stated 
in  reference  to  100  parts,  as  in  the  following  taUe  i — 

Hyd.  Oxygen.  Analyzed  by 

13.36    9.4d7    Gay-Lussac  and  Thenard. 
IIJS  Dumas. 

10.36    10.36    Dumas. 
12.6      10.1      Dumas. 

7.98  10.6S  Dnmas. 

7.43  22.56  Dumas. 

10.36  10.37  Dumas. 

5.56  .14.88  Liebig  and  Wohler. 

10.719  13.337  Gay-LussacandThenard. 

9.12      0.88  Ure. 

11.3       8.3  Ure. 


Substances. 

Carbon. 

OUve  di       . 

, 

77.213 

Essence  of  turpentine 
QU  of  lemons 

1 

85.5 

Cam^or      . 
Da  from  oil  of  pepper< 
mint 

79.28 

773 

Do.  from  oil  of  anise 

81.4 

Oil  of  doves 

. 

70.02 

Caryophylline 

, 

79ia7 

OU  of  bitter  aUnonds 

, 

79-56 

Common  resin 

, 

75.944 

Caoutchouc  . 

, 

90 

fiees-wax     . 

. 

80.4 
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OLEAGINOUS  SUBSTANCES. 

OU0  are  characterized  by  a  peculiar  onctaoua  feel,  by  inflammability,  and 
by  insolubility  in  water.  They  are  divided  into  the  fixed  and  TolatiJe  oik» 
the  former  of  which  are  comparatively  fixed  in  the  fire,  and,  therefore,  g'lwe 
a  permanently  greasy  stain  to  paper ;  while  the  latter,  owing  to  their  vola- 
tility produce  a  stain  which  disappears  by  gentle  heat. 

FIXED  OILS. 

The  fixed  oils  are  usually  contained  in  the  seeds  of  plants,  as  for  exam« 
pie  in  the  almond,  linseed,  rapcseed,  and  poppy  .seed ;  but  olive^il  is  ex> 
tracted  firom  the  pulp  which  surrounds  the  stone.  They  are  procured  by 
bruising  the  seed,  and  subjecting  the  pulpy  matter  to  pressure  in  hempen 
bags,  a  gentle  heat  being  generally  employed  at  the  same  time  to  render  the 
oil  more  limpid. 

Fixed  oils  are  nearly  inodorous,  have  little  taste,  and  are  lighter  than  wa- 
ter, their  density  in  general  varying  from  0.9  to  0.96.  Some,  scush  as  cocoa- 
nut  and  palm-oil,  are  fixed  at  50^  or  60^;  but  moat  of  them  are  fluid  at 
common  temperatures,  and  they  all  become  limpid  in  becoming  warm.  They 
are  commonly  of  a  yellow  colour,  but  may  be  rendered  nearly  or  quite  co- 
lourless by  the  action  of  animal  charcoal.  At  or  near  600^  they  begin  to 
boil,  but  suffer  partial  decomposition  at  the  same  time,  an  inflammable  va. 
pour  beinff  disengaged  even  below  500<^.  When  heated  to  redness  in  close 
vessels,  a  large  quantity  of  the  combustible  compounds  of  carbon  and  hy- 
drogen are  formed,  toother  with  the  other  products  of  the  destructive  distil- 
lation of  vegetable  substances ;  and  in  the  open  air  they  bum  with  a  clear 
white  light,  and  formation  of  water  and  carbonic  acid.  The;f  may  hence  be 
employ^  for  the  purposes  of  artificial  illumination,  as  well  in  lamps,  as  for 
the  manufacture  of  gas. 

Fixed  oils  undergo  considerable  change  by  exposure  to  the  air,  a  change 
owing  to  the  action  of  oxygen,  and  which  has  been  examined  into  by  8aus- 
sure  (An.  de  Ch.  et  de  Ph.  xlix.  225).  Olive-oil,  recently  expressed,  was  con- 
fined over  mercury  in  a  tube  full  of  oxygen  gas,  and  underwent  no  appre- 
ciable alteration  during  the  first  five  months,  absorbing  only  about  its  own 
volume  of  oxygen :  the  absorption  then  became  very  rapid,  so  that  at  the 
end  of  the  first  year  it  had  absorbed  41  times  its  volume  of  oxygen,  and  be- 
came quite  colourless;  and  at  the  close  of  the  fourth  year,  when  the  action 
had  become  very  slight,  the  whole  absorption  of  oxygen  amounted  to  102 
times  its  volume.  The  oil  at  that  period  was  very  rancid,  and  less  limpid 
than  at  first.  During  these  changes  the  oil  gave  out  22  times  its  volume  of 
carbonic  acid  and  aUrat  6  of  hydrogen,  together  with  a  trace  of  carbonic 
oxide.  The  rancidity  of  oils  is  commonly  ascribed  to  the  mucilacinous  mat- 
ters  which  they  contain  becoming  acid,  and  probably  the  first  change  is  of 
this  nature ;  but  subsequently,  when  the  principal  absorption  takes  place,  the 
oil  itself  appears  to  be  modified. 

Similar  changes  occur  to  a  much  greater  extent  with  linseed-oil  and  other 
sieeative  oils,  wliich  owe  their  property  of  drying  to  the  absorption  of  oxy- 
gen. The  oil  of  hemp-seed,  recently  expressed,  was  exposed  for  a  month  to 
oxygen  gas,  and  absorbed  of  it  less  than  its  own  volume :  there  was  no  ab- 
sorption during  the  second  month ;  but  subsequently  the  absorption  became 
rapid,  and  at  the  end  of  one  year  the  oil  had  taken  up  155  times  its  volume 
of  oxygen.  At  the  time  of  the  absorption  becoming  rapid,  the  oil  lost  its 
colour,  and  its  surface  acquired  a  mucilaginous  pellicle.  During  the  three 
following  years  it  still  continued  to  absorb  oxygon,  and  to  become  viscid : 
at  the  end  of  that  time  it  had  evolved  about  24  times  its  bulk  of  carbonic 
acid,  and  7  of  hydrogen,  with  a  little  carburetted  hydrogen.  The  oil  of  wal- 
nuts gave  similar  results.    This  property  of  drying,  for  which  linseed  oil  is 
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b  remarkAbMs,  may  be  commuoicated  quickly  hj  heatinfir  Uio  oil  in  an  opsn 
vessel.  Drying  oib  are  used  for  making  oil  paint,  and  mixed  with  lamp- 
black they  constitute  printers*  ink. 

.  The  absorption  of  oxygen  by  fixed,  and  especially  by  drj^ing  oils,  is  under 
•ome  circumstances  so  abundant  and  rapid,  and  accompanied  with  so  much 
heat,  that  light  porous  combustible  materials,  such  as  lampblack,  hemp,  or 
cotton. wool,  may  be  kindled  by  it  Substances  of  this  kind,  moistened  with 
Unseed^oil,  have  been  known  to  take  fire  during  the  space  of  24  hours,  a  cir- 
cumstance  which  has  repeatedly  been  the  cause  of  extensive  fires  in  ware- 
houses and  in  cotton  manufactories. 

Fixed  oils  do  not  unite  with  water,  but  they  may  be  permanently  sus- 
pended in  that  fluid  bf  means  of  mucilage  or  sugar,  so  as  to  constitute  an 
emuUion.  They  are  for  the  most  part  very  sparingly  soluble  in  alcohol  and 
ether.  Strong  sulphuric  acid  thickens  the  fixed  oils,  and  forms  with  them 
a  tenacious  matter  like  soap;  and  they  are  likewise  rendered  thick  and 
viscid  by  the  action  of  chlorine.  Conl^ntrated  nitrio  acid  acts  upon  them 
with  great  energy,  giving  rise  in  some  instances  to  the  production  of  flame. 

Alkaline  bases  have  a  remarkable  action  on  oils  and  fats.  With  ammonia 
oil  forms  a  soapy  liquid  to  which  the  name  o£  volatile  liniment  is  applied :  it 
is  a  direct  compound  of  the  oil  and  alkali  suspended  in  water ;  but  by  keep- 
ing, an  ammoniacal  soap  is  generated.  The  pure  fixed  alkalies  act  similarly 
in  the  cold ;  but  when  heated  with  oil,  the  latter  undergoes  an  entire  change 
of  constitution,  and  soap  is  generated.  A  similar  action  is  occasioned  by 
most  of  the  metallic  oxides. 

The  elaborate  researches  of  Chevreul  on  the  nature  of  oils  and  fiits  have 
shown  that  these  bodies  are  not  pure  proximate  principles,  but  compounds  in 
variable  proportion  of  at  least  two  other  compounds,  one  of  which  is  solid 
at  common  temperatures,  while  the  other  is  fluid.  To  the  former  he  applied 
the  name  of  stearine,  from  rvet^  suet,  and  to  the  latter  elaine  or  uileine^  from 
iXdtior  oil.  Oleine  is  the  fluid  principle  of  oils,  and  gives  fluidity  to  those  oils 
in  which  it  predominates.  It  reo^ires  a  cold  of  SO^  for  congelation,  and  is 
prepared  from  oib  by  exposing  them  to  a  cold  of  about  25°,  and  pressing 
the  congealed  mass  between  folds  of  bibulous  paper ;  when  the  oleine  is  ab- 
sorbed,  and  may  be  separated  by  pressing  the  paper  under  water.  Oleine  is 
well  adapted  for  lubricating  the  wheels  of  watches  or  other  delicate  ma- 
chinery, since  it  does  not  thicken  or  become  rancid  by  exposure  to  the  air. 
From  late  experiments  by  Lecanu,  it  appears  that  stearine,  though  con- 
tained in  animal  flits,  is  rarely  present  in  those  of  vegetaUe  origin :  the 
■olid  principle  present  in  the  latter  is  margarine,  a  subAancc  analogous  in 
its  properties  to  stearine.  The  nature  of  these  substances,  as  well  as  the 
changes  induced  in  them  during  the  formation  of  soapi  will  be  considered  in. 
the  section  on  the  animal  fats. 

TOLATILB  OR  E88BNTI1L  OILS. 

Aromatic  plants  owe  their  flavour  to  the  presence  of  a  volatile  or  essential 
oil,  which  may  be  obtained  by  distillation,  water  being  put  into  the  still 
along  with  the  plant  in  order  to  prevent  the  latter  from  being  burned.  The 
oil  and  water  pass  over  into  the  recipient,  and  the  oil  collects  at  the  bottom 
or  the  surface  of  the  water  according  to  its  density. 

Essential  oils  have  a  penetrating  odour  and  acrid  taste,  which  are  often 
pleasant  when  sufficienUy  diluted.  They  are  soluble  in  alcohol,  though  in 
different  proportions.  TTiey  are  sparingly  dissolved  by  water,  and  hence 
water  acquires  the  odour  of  the  oil  with  wnich  it  is  distilled.  With  the  fixed 
oils  ihey  unite  in  every  proportion,  and  are  sometimes  adulterated  with 
them,  on  imposition  easily  detected  by  the  mixed  oil  causing  on  paper  a 
greasy  stain  which  is  not  removed  by  heat 

Volatile  oils  burn  in  the  open  air  with  a  clear  white  light,  and  the  sole 
products  of  the  combustion  are  water  and  carbonic  acid.  0^  exposure  to  the 
atmosphere*  they  gradually  absorb  a  large  quantity  of  oxygen,  in  conse- 
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qnence  of  which  they  hecome  thick,  acquire  a  deep  yeUowiah-brown  i 
and  are  at  length  converted  into  a  aubBtanoe  resembling'  resin.  Some  of 
them  depoaite  during  thia  action  crystalline  compounds  of  a  definite  nature. 
Saussure  has  shown  that,  as  with  fixed  oils,  carbonic  acid  ajid  hydrages 
ffases  are  emitted  at  the  same  time.  Tltis  change  is  rendered  more  r^id 
by  the  agency  of  light. 

Of  the  acids,  the  action  of  strong  nitric  acid  on  ▼olatile  oils  ia  the  moat 
energetic,  being  often  attended  with  vivid  combustion, — an  eflect  which  ii 
rendered  more  certain  by  previously  adding  to  the  nitric  a  few  drops  of  sol- 
phuric  acid. 

Volatile  oils  do  not  unite  readily  with  metallic  oxides,  and  are  attacked 
with  difficulty  even  by  the  alkalies.  The  substance  called  Starkey's  soap  is 
made  by  triturating  oil  of  turpentine  with  an  alkalL 

Volatile  oils  dissolve  sulphur  in  large  quantity,  forming  a  deep  brown- 
coloured  liquid,  called  balsam  of  sulfur.  The  solution  is  best  made  bj 
boiling  flowers  of  sulphur  in  spirit  of  turpentine.  Phosphoms  maj  Hkewimo 
be  dissolved  by  the  same  menstruum. 

The  following  table  contains  a  list  of  the  principal  eosential  oils: — 

Oils  of  Cobur.  Density. 

Turpentine  colourless  .  .  0.87 

Lemons  colourless  or  pale  yellow  0.85 

Anise    '  .  do.  da  0^857  at  eO** 

Juniper  do.  or  greenisb-yellow      0.911 

Chamomile  deep  blue 

Carraway  pale  yellow         .  0.94 

Lavender  yellow  0.677  to  0.898 

Peppermint  colourless  or  pale  yeUow  0.92 

Rosemary  colourless  .  0.89  to  0.93 

Camphor  .  white       .  .  0.988 

Cinnamon  yellow      .  .  1.035 

Cloves  .  colourless  or  pale  yellow  1.061 

Sassafras  yellow  or  red       .  1.094 

MusUrd  .  yellow  1.0387 

Bitter  almonds  .  colourless  1.043 

The  essential  oils  differ  in  constitution  from  tbb  fixed  oils,  and  are  divisi- 
ble into  three  groups.  The  first  consists  of  the  essence  of  turpentine  and  of 
lemons,  which  are  composed  solely  of  carbon  and  hydrogen ;  the  second, 
which  includes  oil  of  anise  and  the  ten  following  oils,  together  with  the  so- 
lid essence,  camphor,  contain  carbon,  hydrogen,  and  oxygen ;  and  the  oils  of 
the  third  group,  as  oil  of  mustard  and  bitter  almonds,  contain  some  other 
element  in  addition  to  the  foregoing. 

Essence  of  Turpentine, — ^This  oil,  which  is  the  most  common  and  most 
generally  used  of  all  the  essential  oils,  is  procured  by  distillation  from  com. 
mon  turpentine,  and  is  a  limpid  colourless  fluid,  which  may  be  distilled 
without  residue,  and  yields  a  dense  white  light  in  burning.  It  is  sparing'Iy 
soluble  in  alcohol.  In  its  purest  form  it  is  a  definite  compound  of  Garbon 
and  hydrogen,  which  has  already  been  described  under  the  name  of  cara> 
phene  (page  255).  Bui  the  specimens  met  witli  in  commerce  invariably  con- 
tain oxygen,  owing  to  the  absorption  of  that  gas  from  the  atmosphere, 
whereby  changes  in  the  constitution  uf  the  essence  are  produced.  It  is  not 
improbable,  also,  that  the  essence  obtained  from  difiTerent  kinds  of  turpen- 
tine may  differ  in  original  constitution. 

Essence  of  turpentme  or  camphene  forms  an  interesting  compound  with 
hydrochloric  acid,  called  artificial  camphor,  the  composition  of  which  was 
stated  at  page  255.  It  is  formed  by  transmitting  a  current  of  perfectly  dry 
hydrochloric  acid  gas  through  oil  of  turpentine,  which  has  been  recently 
and  carefully  distilled,  surrounded  by  a  mixture  of  snow  and  salt :  a  quan- 
tity  of  gas  is  absorbed  equal  to  one-third  of  the  weififht  of  the  oil ;  the  liquid 
acquires  a  deep  brown  colour ;  and  a  white  crystdline  volatile  substance, 
very  similar  to  camphor,  is  slowly  generated.    The  liquid  parta  shoold  be 
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removed  by  prenure  Between  folds  of  bibulous  paper.  This  matter  was 
discovered  by  Kind,  and  has  since  been  studied  by  Troramsdorf,  Gehlen, 
Thenard,  and  Dumas.  When  carefully  separated  from  adherinjr  acid  by 
washing  with  water  containing  a  little  carbonate  of  soda,  it  is  quite  neutral, 
and  affords  an  instance  of  a  carburet  of  hydrogen  acting  as  a  base  to  a 
strong  acid. 

The  oil  of  lemons  has  the  same  composition  as  that  of  turpentine  (page 
539),  and  forms  with  hydrochloric  acid  an  artificial  camphor  analogous  to 
the  fi»regoing. 

Camphor. — This  substance  exists  ready  formed  in  the  Laurus  Camphara 
of  Japan,  and  is  obtained  from  its  trunk,  root,  and  branches  by  sublimatidki. 
It  has  a  bitterish,  aromatic,  pungent  taste,  accompanied  with  a  sense  of  cool- 
ness. It  is  unctuous  to  the  touch,  and  rather  brittle,  though  possessing  a 
degree  of  toughness  which  prevents  it  from  being  pulverized  with  facility ; 
but  it  is  easily  reduced  to  powder  by  trituration  with  a  few  drops  of  alcohoL 
Its  specific  gravity  is  0.988.  It  is  exceedingly  volatile,  being  gradually  dis* 
sipated  in  vapour  if  kept  in  open  vessels.  At  288^  it  enters  into  fusion,  and 
boils  at  400^.  It  is  insoluble  in  water ;  but  when  triturated  with  sugar,  and 
then  mixed  with  that  fluid,  a  portion  is  dissolved  sufficient  for  communi- 
cating its  favour.  It  is  dissolved  freely  by  alcohol,  and  is  thrown  down  by 
the  addition  of  water.  It  is  likewise  soluble  in  the  fixed  and  volatile  oils, 
and  in  strong  acetic  acid.  Sulphuric  acid  decomposes  camphor,  converting 
it  into  a  substance  like  artificial  tannic  acid.  (Mr.  Hatchett.) 

The  researches  of  Dumas  have  shown  (page  256)  that  camphor  is  the 
oxide  of  camphene,  and  that  the  same  inflammable  compound  by  the  action 
of  nitric  acid  is  still  further  oxidized,  and  then  constitutes  camphoric  acid. 
He  has  gone  far  to  prove  that  the  essential  oils  of  the  second  ffroup  are  solur 
tions  in  variable  proportion  of  camphor  in  liquid  carburets  of  nydrogen.  The 
latter  seem  to  be  the  essential  and  original  material  of  the  oil,  which  by  a 
subsequent  process  of  oiddation  yields  more  or  less  camphor.  From  the  oil 
of  peppermint  exposed  to  a  cold  of  32^,  and  then  compressed  in  bibulous  pa- 
per to  separate  adhering  oil,  he  obtained  a  volatile  crystalline  solid  like  cam- 
phor,  the  composition  of  which  is  reducible  to  the  formula  C^oHio^O. 
A  similar  substance  was  procured  by  congelation  firom  oil  of  anise,  the  for- 
mula of  which  is  C^^Hfl^O.  Analogous  camphors  may  be  procured  from 
most  of  the  essential  oils,  if  kept  for  some  time  in  a  partially  closed  bottle. 
By  a  more  complete  oxidation,  the  same  compound  radicals  give  rise  to  resi- 
nous matter. 

OU  o/  C/ooet^— Dumas  finds  that  the  dense  volatile  oils  are  more  highly 
oxidized  than  the  lighter  ones,  and  are  disposed  to  act  as  acids'in  relation  to 
alkaline  bases.  He  obtained  a  definite  crystalline  compound  of  the  oil  of 
cloves  with  ammonia,  composed  of  175.4  parts  or  one  eq.  of  the  oil,  and  17.15 
parts  or  one  eq.  of  the  alkali.  The  elements  of  the  oil  are  in  the  ratio  of 
12S.4  Darts  or  twenty  eq.  of  carbon,  13  parts  or  thirteen  eq.  of  hydrogen, 
and  40  parts  or  five  eq.  of  oxygen,  the  formula  being  C^oH^'^-SO.  The 
crystalline  solid,  called  caryophylline,  deposited  from  this  oil  by  keepmg, 
has  the  same  composition  as  camphor. 

Oil  of  Mustard. — This  oil  differs  from  the  foregoing  in  containing  sul- 
phur and  nitrogen.  Dumas  and  Pelouae  found  100  parts  of  the  oil  to  consist 
of  sulphur  20.S5,  nitrogen  14.45,  hydrogen  5.02,  carbon  49.98,  and  oxygen 
10.3.  The  carbon,  hydrogen,  and  nitrogen  form,  they  conceive,  a  distinct 
compound  radical,  which  then  combines  with  sulphur  and  oxygen ;  but  their 
investigation  on  the  subject  is  not  yet  fully  reported.  (An.  de  Ch.  et  de  Ph. 
liii.  184.) 

Oil  of  Bitter  Jilmonds, — JBmzule. 

This  oil  differs  from  all  the  preceding  oils,  and  has  lately  led  to  impor-  - 
tant  discoveries.    When  the  bitter  almond  is  reduced  to  a  pulp  and  sub. 
jected  to  compression,  a  pure  fixed  oil  is  obtained ;  but  when  distilled  along 
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with  water,  a  volatile  poiwmoas  oil  paMM  over,  which  smeDa  strongly  of  hy- 
drocyanic acid,  and  oontaina  a  volatile  oil,  mixed  or  comfaiiied  with  tmt  aod. 
Neither  the  volatile  oil  nor  hydrocyanic  acid  pre-exiat  in  the  aimoDd,  Imf  are 
developed  in  it  by  the  action  of  water  darin?  the  diatillatioD.  By  mixing'  Ibe 
impure  oil  with  a  Bolation  of  potassa  and  protochloride  of  iron,  mgHatiag 
strongly,  and  distilling  the  mixture,  the  oil  is  obtained  quite  free  fioiB  hy- 
drocyanic  acid ;  and  by  a  second  distillation  from  pnlveriaed  lime  it  is  de- 
prived of  adhering  moisture. 

The  oil  thus  purified  is  a  colourless  volatile  liquid,  which  retains  its  origi- 
nal odour,  has  a  burning  aromatic  taste,  and  a  density  of  1.043.  It  is  spa- 
ringly soluble  in  water,  but  freely  by  alcohol.  When  suddenly  and  strongly 
heated  in  open  vessels,  it  takes  fire  and  bums  with  flame ;  bat  it  maj-  ic 
passed  alone  through  a  red-hot  glass  tube  without  decompositian.  In  ex> 
amining  its  properties  and  composition,  Liebig  and  Wohler  have  praw^ 
that  it  may  be  regarded  as  a  compound  of  hydrogen  with  a  suhsCance  eailed 
benzule  (page  513),  which  consists  of  85.68  parts  or  fourteen  eq.  oif  earboo. 
5  parts  or  five  eq.  df  hydrogen,  and  16  parts  or  two  eq.  of  oxygen.  Hie  for- 
mula of  benzule  is  C^^HK)^,  and  its  symbol  is  fiz.  Benzole  has  not  yet 
been  obtained  in  an  uncombined  state ;  but  it  is  readily  transf^^hle  wm^ 
out  decomposition  from  one  element  to  another  in  the  same  manner  as  ^po^ 
ogen.  The  several  compounds  examined  by  Liebig  and  Wohler  are  that 
constituted  :^( An  de  Ch.  et  de  Ph.  li.  373.) 


Names.  1  eq.  Benzule. 


Hyduret  of  ben- 

zule 
Anhydrous  ben-  < 

zoic  acid  ( 

Chloride  of  ben-  J 

zule 
Bromide    do. 
Iodide        do. 
Sulphuret  da 
Cyanuret  do. 


106.684.Hydrogen      1 
106.684.Oxygen         8 


l06.684.Chlorine      35.43 

106.68  4.  Bromine  78.4 
106.68 -f  Iodine  126.3 
106.68+ Sulphur  16.1 
106.68  4- Cyanogen  2&39 


Eqniv.  Forranhs. 
Ieq.al07.68  Bz.f.H. 
1  eq.-.114.68  Bz+O  or  ft. 

Ieq..l42.1    Bz+CL 

leq.-.185.08  Bz  +  Br. 
leq..333^8  Bz+I. 
1  eq«122.78  Bz+a 
1  eq.»133.07  Bz+Cy. 


The  purified  oil  is  a  hyduret  of  benzule.    When  heated  with  hydrate  of 
potassa,  the  oil  interchanges  elements  with  the  water,  so  that 


1  eq.  oil 

and  1  eq.  water 


Bz+H  ^   1  eq.  anhydrous  benzoic  acid 
H-j-O   -p^  and  3  eq.  of  hydrogen 


Bz+O 
2H; 


the  hydrogen  is  evolved  and  benzoate  of  potassa  is  left.    When  exposed  U> 
the  air  or  pure  oxygen  gas  the  reaction  is  such  that 


1  eq.  oil 

and  3  eq.  oxygen 


Bz-f-H  S   1  eq.  anhydrous  benzoic  acid 
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and  1  eq.  water 


Bz+O 

H+O; 


and  these  products  constitute  one  eq.  of  crystallized  benzoic  acid. 

Chloride  of  Benzule. — Hyduret  of  benzule  absorbs  chlorine  gas  with  beat, 
hydrochloric  acid  and  chloride  of  benzule  are  generated,  and  the  latter,  afler 
being  heated  to  expel  any  excess  of  chlorine,  remains  as  a  limpid  liquid  like 
water.  It  has  a  density  of  1.196,  a  peculiar  pungent  odour,  irritates  the 
eyes,  and  boils  at  an  elevated  temperature.  It  is  insoluble  in  water ;  but  by 
long  ebullition  with  water,  it  yields  hydrochloric  and  benzoic  acids.  It  may 
be  distilled  from  anhydrous  lime  or  baryta  without  decomposition;  bot 
when  heated  with  hydrate  of  potassa,  it  yields  chloride  of  potassium  and 
benzoate  of  potassa. 

Bromide  of  Benzvle. — It  is  formed  by  the  action  of  bromine  on  hyduret 
of  benzule;  and  afler  expelling  the  excess  of  bromine  by  heat,  the  bromide 
is  led  as  a  soft  semi-fluid  mass,  consisting  of  large  foliated  crystals  of  a 
brown  colour.  It  is  soluble  without  change  in  alcohol  and  ether.  By  long 
boiling  with  water,  it  is  converted  into  hydrobromic  and  benzoic  acids. 


VOLATILE  OILS.  545 

The  iodide  of  benzuU  is  obtained  as  a  brown  liqaid  by  distilling  a  mixture 
of  iodide  of  potassium  with  chloride  of  benzule,  and  on  cooling  becomes  a 
crystalline  solid  of  the  same  colour.  When  free  from  mixed  iodine  it  is 
colourless,  and  resembles  the  bromide  in  its  chemical  relations. 

Sulf^uret  of  Benzule, — It  is  formed  by  distilling  chloride  of  benzule  with 
Bulphuret  of  lead  in  fine  powder,  and  passes  over  as  an  oil-like  fluid,  which 
on  cooling  becomes  a  soft  crystalline  solid  of  a  yellow  colour.  Its  odour 
resembles  that  of  sulphur.  It  is  not  changed  by  the  action  of  water,  and  is 
but  slowly  resolved  by  a  boiling  solution  of  potassa  into  benzoate  of  potassa 
and  sulphuret  of  potassium. 

Cyanuret  of  Benzule, — It  is  obtained  by  distilling  the  chloride  of  benzule 
with  bicyanuret  of  mercury,  and  collects  in  the  recipient  as  an  oily  fluid  of 
a  yellow  colour.  By  distillation  it  is  rendered  colourless,  but  the  yellow 
colour  quickly  returns.  Its  vapour  has  a  strong  penetrating  odour,  and 
irritates  the  ejes.  By  water,  in  which  it  is  otherwise  insoluble,  it  is  speedi- 
ly converted  into  hydrocyanic  and  benzoic  acids. 

Benzamidei — Chloride  of  benzule  has  the  property  of  absorbing,  with 
much  heat,  dry  ammoniacal  gas,  and  of  forming  a  white  solid^  whicn,  after 
complete  saturation  with  ammonia,  consists  so&ly  of  hydrochlorate  of  am- 
monia and  benzamide.  By  cold  water  the  former  is  dissolved,  and'  the 
latter  insulated.  It  derives  its  name  fh)m  the  fact  that  it  bears  to  benzoate 
of  ammonia  the  same  relation  as  oxamide  to  oxalate  of  ammonia  (page 
500). 

Pure  benzamide  fuses  at  239^  into  a  limpid  liquid,  which  concretes  into  a 
foliated  mass  on  cooling.  When  strongly  heated  it  both,  and  passes  over 
unchanged.  It  is  very  sparingly  dissolved  by  cold  water»  but  readily  and 
without  decomposition  in  boiling  water.  It  is  very  sohible  in  alcohol,  and 
is  dissolved  by  boiling  ether.  By  evaporation  from  its  solutions  it  crystal- 
lizes in  right  rhoml^idal  prisms  of  a  pearly  histre.  With  a  solution  of 
potassa  in  tbe  cold  it  is  not  changed,  and  emits  no  odour  of  ammonia ;  but 
when  boiled  with  the  alkaline  solution,  ammonia  is  disengaged,  and  benzoate 
of  potassa  is  found  in  solution.  The  same  change  is  effected  by  boiling  it 
in  a  solution  of  sulphuric  acid. 

In  the  action  of  ammonia  on  chloride  of  benzule 

1  eq.  chloride         CfmH>»+Ci  2  j  ^  «»•  ^^^'^^Jj!}!^^  """^"'* 
and  2  eq.  ammonia  2  (3H+N)     '^    and  1  eq.  benzamide  Ci«H«Oa+HaN. 

It  is  obvious  that 

1  eq.  benzamide  Ci«H«03-f  H«N  3  1  eq.  anhyd.  benzoic  acid  C^HfOs-f  O 
and  1  eq.  water        H-|-0  '^  and  1  eq.  ammonia  3H-(-N. 

V  have  theoretically  represented  benzamide  as  a  compound  of  benzule  with 
dinituret  of  hjdrogen;  but  other  hypotheses  may  be  formed  respecting  its 
constitution,  <^n  the  case  of  oxamide. 

Ben^otne.— -The  oil  of  bitter  almonds,  like  several  other  essential  oils,  has 
been  observed  to  deposite  a  crystalline  matter,  which  is  formed  abundantly 
when  the  oil  is  lefl  for  a  few  weeks  in  a  corked  bottle  in  contact  with  a 
strong  solution  of  potassa.  It  has  at  first  a  yellow  tint ;  but  by  solution  ita 
boiling  alcoh(^l,  and  digestion  with  animal  charcoal,  it  may  be  obtained  pure 
and  white.  It  crystallizes  from  its  alcoholic  solution  in  transparent  pris- 
matic crystals,  which  fuse  at  248°,  and  may  be  distilled  without  change. 
It  has  neither  taste  nor  odour.  Liebiic  and  Wohler  found  its  elements  to 
coincide  exactly  with  those  of  the  original  oil  which  yielded  it,  though 
doubtless  their  arrangement  is  very  difierent 

Coutnarin, — ^This  name  was  first  applied  to  the  odoriferous  princi^e  of 
the  Tonka  bean  by  M.  6oibourt,  and  has  since  been  adopted  ^  MM.  Boul- 
lay  and  Boutron-Charlard.  (Joum.  de  Pharmacie,  1825.)  It  is  derived 
ftom  the  term  Coumarouna  odorata^  given  by  Aublet  to  the  plant  which 
yields  the  bean. 
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Coumarin  b  white,  of  a  hot  pungent  taste,  and  distinct  aromatie  i 
It  crystallizes  aoinetimes  in  square  needles,  and  at  other  times  in  abort 
prisms.  It  is  moderately  hard,  fracture  clean,  lustre  considerables  and  dcB- 
sity  greater  than  that  of  water.  It  fuses  at  a  moderate  temperature  into  a 
transparent  fluid,  which  yields  an  opaque  crystalline  mass  on  mnliiy. 
Heated  in  close  Tcssels,  it  is  sublimed  without  cbanse.  It  is  sparinglj 
soluble  in  water;  but  is  reuiily  dissolved  by  ether  and  ucohoU  uid  the  solii- 
tions  crystalllie  by  spontaneous  evaporation.  It  is  very  salable  in  fixed 
and  volatile  oils. 

Vogel  mistook  coumarin  for  benioic  acid:  Boullay  and  Boatron-Oiarlard 
maintain  that  it  has  neither  an  acid  nor  alkaline  reaction,  and  that  it  is  a 
peculiar  independent  principle,  nearly^  allied  to  the  essential  oils.  Tbese 
chemists  did  not  find  any  benzoic  acid  in  the  Tonka  bean,  and  oonaider 
coumarin  as  the  sole  cause  of  its  odour. 

BESINOUS  SUBSTANCES. 

Resins, — ^Resins  are  the  inspissated  juices  of  plants,  and  commonly  occur 
either  pure  or  in  combination  with  an  essential  oii  They  are  solid  at  eom- 
mon  temperatures,  brittle,  inodorous,  and  insipid.  They  are  noo-condoittars 
of  electricity,  and  when  rubbed  become  negatively  electric.  Tbej  are  gene- 
rally of  a  yellow  colour,  and  semi-transparent 

Resins  are  fused  by  the  application  of  heat,  and  by  a  still  higher  tempen- 
ture  are  decomposed.  In  close  vessels  they  yield  empyreumatic  oil,  and  a 
large  quantity  of  carburetted  hydrogen,  a  small  residue  of  charcoal  remaiif 
ing.  in  the  open  air  they  burn  with  a  yellow  flame  and  much  smoke,  being 
resolved  into  carbonic  acid  and  water. 

Resins  are  dissolved  by  alcohol,  ether,  and  the  essential  oils,  and  the  alco- 
holic and  ethereal  solutions  are  precipitated  by  water,  a  fluid  in  which  they 
are  quite  insoluble.  Their  best  solvent  is  pure  potassa  and  soda,  and  they 
are  also  soluble  in  the  alkaline  carbonates  by  the  aid  of  heat  The  product 
is  in  each  case  a  soapy  compound,  which  is  decomposed  by  an  acid. 

Concentrated  sulphuric  acid  dissolves  resins ;  bat  the  acid  and  the  resin 
mutually  decompose  each  other,  with  disengagement  of  sulphurons  acid, 
and  deposition  or  charcoal.  Nitric  acid  acta  upon  them  with  violence,  con- 
verting them  into  a  species  of  tannin,  which  was  discovered  by  Mr.  HatcfaeCL 
No  oxalic  acid  is  formed  during  the  action. 

The  uses  of  resin  are  various.  Melted  with  wax  and  oil,  resins  constitute 
ointments  and  plasters.  Combined  with  oil  or  alcohol,  they  form  different 
kinds  of  oil  and  spirit  varnish.  Sealing-wax  is  composed  of  lac,  Venice 
turpentine,  and  common  resin.  The  composition  is  coloured  faiack  by 
means  of  lampblack,  or  red  by  cinnabar  or  red  lead.  Lampblack  is  the  soot 
of  imperfectly  burned  resin. 

Of  the  diflbrent  resins  the  most  important  are  common  r^in,  oopal,  lac, 
sandarach,  mastich,  eleroi,  and  dragon*s  blood.  The  first  Is  procured  by 
heating  turpentine,  which  consists  of  oil  of  turpentine  and  resin,  so  as  to 
expel  Uie  volatile  oil.  The  common  turpentine  obtained  by  incisions  made 
in  the  trunk  of  the  Scotch  fir-tree  {Pinus  sylvestris)  is  employed  for  this 
purpose ;  but  the  otlier  kinds  of  turpentine,  such  as  Venice  turpentine,  that 
from  the  larch  {Pinus  larix)^  Canadian  turpentine  from  the  Pinus  haUamet^ 
or  the  Sirasburgh  turpentine  from  the  Pinus  pieea^  yield  resin  by  a  similar 
treatment 

When  turpentine  is  extracted  from  the  wood  of  the  fir-tree  by  heat,  par- 
tial decomposition  ensues,  and  a  dark  substance,  consisting  of  resin,  empy- 
reumatic oil,  and  acetic  acid  is  the  product  This  constitutes  tar;  and  whoi 
inspissated  by  boiling,  it  forms  pitch.  Common  resin  fuses  at  376^,  is  cam- 
pletely  liquid  at  dOfi^^',  and  at  about  316^  bubbles  of  eaaeous  matter  escape, 
giving  rise  to  the  appearance  of  ebullition.  By  distillation  it  yields  empy- 
reumatic oils:  in  the  first  part  of  the  process  a  limpid  oil  passes  over,  whioi 
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rises  in  vaponr  at  SOO^^,  and  boils  at  360^ ;  but  subsequently  the  product 
becomes  less  and  less  limpid,  till  towards  the  close  it  is  Tery  thick.  This 
matter  becomes  limpid  when  heat  is  applied,  and  boils  at  about  500®  F.  At 
a  red  heat  resin  is  entirely  decomposed,  yieldin^r  a  lar^  quantity  of  com» 
bustiblo  gas,  which  is  employed  for  the  purpose  of  artificial  illumination. 

Amber. — This  substance  is  brought  chiefly  from  the  southern  coast  of  the 
Baltic,  occurring  sometimes  in  beds  of  bituminous  wood,  and  at  others  on 
the  shore,  being  doubtless  washed  out  from  strata  of  brown  coal  by  the 
action  of  water.  Its  vegetable  origin  is  amply  attested  by  the  substancea 
with  which  it  is  associated,  by  its  resinous  nature,  and  by  the  Tegetable 
matters  which  it  frequently  envelopes.  It  is  commonly  met  with  in  trans-^ 
lucent  pieces  of  various  shades  of  yellow  and  brown ;  but  it  is  sometimes 
transparent  Its  specific  gravity  varies  from  1.065  to  1.07.  It  may  be  re- 
garded as  a  mixture  of  several  substances ;  namely,  a  volatile  oil,  succinic 
acid,  separable  like  the  former  by  heat,  two  different  modifications  of  resin 
both  soluble  in  alcohol  and  ether,  and  a  peculiar  bituminous  matter,  which 
in  insoluble  in  alcohol  and  ether,  and  is  the  most  abundant  principle  in 
amber.   (Berzelius.) 

Balsams. — The  balsams  are  native  compounds  of  resin  and  benioic  acid,, 
and  issue  from  incisions  made  in  the  trees  which  contain  them,  in  the  same 
manner  as  turpentine  fVom  the  fir.  Some  of  them,  such  as  storax  and  ben- 
zoin,  are  solid;  while  others,  of  which  the  balsams  of  Tohi  and  Peru  are 
examples,  are  viscid  fluids. 

Gum-resins. — The  substances  to  which  this  name  is  applied  are  the  con- 
crete juices  of  certain  plants,  and  consist  of  resin,  essential  oil,  gum,  and 
extractive  vegetable  matter.  The  two  former  principles  are  soluble  in  alco^ 
hoi,  and  the  two  latter  in  water.  Their  proper  solvent,  therefore,  is  proof 
spirit  Under  the  class  of  gum-rcsins  are  comprehended  several  valuable 
medicines,  such  as  aloes,  ammoniacum,  assafcetida,  eupborbium^  galbanum,, 
gamboge,  myrrh,  scammony,  and  guaiacum. 

Caoutchouc^  commonly  called  elastic  gum  or  Indian  rubber,  is  the  con^ 
Crete  juice  of  the  Hcgoea  caoutchsuc  and  latropa  elastica^  natives  of  South. 
America,  and  of  the  Ficus  Jndica  and  Artoearpus  iiUe^rifoliaj  which  grow 
in  the  East  Indies.  It  is  a  soft  yielding  solid,  of  a  whitish  colour  when  not 
blackened  bj  smoke,  possesses  considerable  tenacity,  and  is  particularly  re-, 
markable  for  its  elasticity.  It  is  inflammable,  and  bums  with  a  bright 
flame.  It  is  insoluble  in  water  and  alcohol;  but  it  dissolves,  though  with 
some  difficulty,  in  pure  etiier.  It  is  very  sparingly  dissolved  by  the  alkalies,, 
but  its  elasticity  is  destroyed  by  their  aption.  By  the  sulphuric  and  nitric 
acids  it  is  decomposed,  the  former  causing  deposition  of  charooal,  and  the 
latter  formation  of  oxalic  acid. 

Caoutchouc  is  soluble  m  the  essential  oils,  ether,  naphtha,  caieput  oil,  and 
in  the  volatile  liquid  obtained  by  distilling  caoutchouc ;  and  from  all  these 
solvents,  except  the  essential  oils,  it  is  left  on  evaporation  without  loss  of  ite 
elasticity.  Before  actualljr  dissolvings  the  caoutchouc  swells  up  remarkabl^^ 
and  acquires  a  sofl  gelatinous  aspect  and  consistency:  in  this  state  it  is 
used  for  rendering  cloth  and  leather  impervious  to  water,  and,  as  suggested 
bv  Dr.  Mitchell  of  Philadelphia,  may  be  cut  with  a  wet  knife  into  thin 
sheets  or  bottles,  and  be  extended  to  a  great  size.* 

*  Dr.  Mitchell  has  favoured  me  with  the  following  detailed  description  of 
his  peculiar  mode  of  preparing  bags  of  caoutchouc  of  large  size : — **  Soak 
the  common  bags  in  sulphuric  ether,  sp.  gr.  0.753,  at  a  temperature  not  less 
than  50^  Fahr.  for  a  period  of  time  not  less  than  one  week  (the  longer  the 
better).  Empty  the  bag,  wipe  it  dry,  put  into  it  some  dry  powder^  such  as 
starch,  insert  a  tube  into  the  neck,,  and  fasten  it  by  a  broad  soft  band  slight- 
ly applied,  and  then  commence  by  mouth  or  bellows  the  inflation.  If  the 
bag  be  unequal  ia  thickness,  restrain  by  the  hand  the  bulging  of  the  thinner 
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Wlien  caomcfaoQC  U  caatiomly  heated,  it  fueee  witfaoot  deoompomtim; 
but  at  a  biffher  temperature  it  is  reeolved  into  a  volatile  liqaid  of  a  faiawB 
ookMir,  which  amouata  to  8.10the  of  the  ori|riiial  caoutcboac  When  earn* 
fttUy  rectified,  a  very  volatile  liquid  of  sp^  gr.  0.64  is  obtained,  which  is  raj 
combuftible  and  burna  with  a  bright  flame,  mingles  with  alcohol,  and  &a> 
•olves  copal  and  other  resins.  It  is  manufactured  in  large  quantity  by 
Messrs.  £nderby,  of  London,  and  is  very  useful  as  a  solvent  for  caontc^Bcms 
and  for  the  preparation  of  varnishes. 

Wax. — This  substance,  which  partakes  of  the  nature  of  a  fijced  oil.  is  «■ 
abundant  vegetable  production,  entering  into  the  composition  of  the  polfea 
of  flowers,  covering  the  envelope  of  the  plum  and  other  fruit,  especiallj-  the 
berries  of  the  Myrica  eerifera,  and  in  many  instances  formings  a  kind   oif 
varnish  to  the  surface  of  leaves.    From  this  circumstance  it  was  long  mup- 
posed  that  wax  is  solely  of  vegetable  origin,  and  that  the  wax  of  the  hooey- 
comb  is  derived  from  flowers  only;  but  it  appears  from  the  obaervalions  of 
Huber  that  it  must  likewise  be  regarded  as  an  animal  product,  since  Ae 
found  bees  to  deposite  wax,  though  fed  on  nothing  but  sugar.    Cooasbenlly 
with  this  remark  it  has  been  proved  by  Oppermann  that  pure  vegetal^  w«x 
differs  from  bees-wax  in  the  ratio  of  its  elements.    (An.  de  Co.  et  de  PIl 
zlix.  240.) 

Common  wax  is  always  more  or  less  coloured,  and  has  a  distinct  pecoEar 
odour,  of  both  which  it  may  be  deprived  by  exposure  in  thin  slices  to  fighc, 
air,  and  moisture,  or  more  speedily  by  the  action  of  chlorine.  At  ordinary 
temperatures  it  is  solid,  and  somewhat  brittle;  but  it  may  easily  be  cut 
with  a  knife,  and  the  fresh  surface  presents  a  characteristic  appearance,  to 
which  the  name  of  waxy  lustre  is  applied.  Its  specific  gravity  is  0^6.  Aft 
about  150^  it  enters  into  fusion,  and  boils  at  a  high  temperature.  Heated  la 
redness  in  close  vessels  it  suffers  complete  decomposition,  jrielding  products 
very  similar  to  those  which  are  procured  under  the  same  circumatances 
from  oil.  As  it  burns  with  a  clear  white  light,  it  Is  employed  for  forming 
candles. 

Wax  is  insoluble  in  water,  and  is  only  sparingly  dissolved  by  boiling 
alcohol  or  ether,  from  which  the  greater  part  is  deposited  on  cooling.  It  is 
readily  attacked  by  the  fixed  alkalies,  being  converted  into  a  soap  which  is 
soluble  in  hot  water;  and  according  to  P&ff,  the  action  is  attended,  as  in 
oils,  with  the  formation  of  an  acid,  to  which  the  name  of  eerie  add  is  ap> 
plied.  It  unites  by  the  aid  of  heat  in  every  proportion  with  the  fixed  and 
volatile  oils,  and  with  resin.  With  different  quantities  of  oil  it  constitutes 
the  simple  liniment,  ointment,  and  cerate  of  the  PharmacopcBia. 

Wax,  according  to  the  observations  of  John,  consists  of  two  different 
principles,  one  of  which  is  soluble,  and  the  other  insoluble  in  alcohol.  To 
the  fi>rmer  he  has  given  the  name  of  cerin,  and  to  the  latter  of  myriein. 
It  has  been  thought  that  these  principles  are  generated  in  the  wax  by  the 
alcohol  used  in  separating  them ;  but  the  opinion  of  John  is  supported  by  a 
fact  mentioned  to  me  by  Dr.  Christison,  namely,  that  the  suetty  matter  of 
tbe  cinnamon  berry  consists,  with  the  exception  of  a  little  oil,  entirdy  of 
cerin,  without  any  myricin. 

parts,  until  the  thicker  have  been  made  to  give  way  a  little.  When  the  bag 
has  become  by  such  means  nearly  uniform,  inflate  a  little  more,  shake  iip 
the  included  starch,  and  let  the  bag  collapse.  Repeat  the  inflation,  and 
carry  it  to  a  greater  extent,  again  permit  the  collapse,  again  inflate  still 
more  extensively,  and  so  on,  until  the  bag  is  sufficiently  distended.  Mere 
g^s  holders  are  thus  easily  made,  but  it  requires  some  dexterity  and  expe- 
rience to  make  them  thin  enough  for  balloons.  The  whole  experiment 
should  not  occupy  more  than  from  five  to  twenty  minutes  of  time ;  and  the 
prepared  bag  should  be  closed  and  hung  up  to  dry  for  a  day  or  two." — Ed. 
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BITTTMINOUS  SUBSTAWCES. 

Under  this  title  are  induded  eeveral  inflammable  aabatancctf  whicli« 
though  of  vegetable  origin,  are  found  in  the  eartli,  or  iamie  from  its  surface. 
Thej  may  be  convenientlj  arranged  under  the  two  heads  of  bitumen  and 
pit-coal.  The  first  comprehends  naphtha^  wtroUum,  mineral  tar^  asphaUum^ 
mineral  pitch,  and  retinasphaUumy  of  which  the  three  first  mentioned  are 
liquid,  and  the  others  solid.  The  second  comprises  6roion  eoal^  the  difibrent 
varieties  ofetnnmon  or  black  coal^  and  glance  coaL 


The  characters  of  napktka,  the  purest  form  of  bitumen,  hare  already 
been  described  (page  252). 

Petroleum  is  much  less  limpid  tha|i  naphtha,  has  a  reddish-brown  colour, 
and  is  unctuous  to  the  touch.  It  is  found  in  several  parts  of  Britain  and  the 
continent  of  Europe,  in  the  West  Indies,  and  in  Persia.  It  occurs  particu- 
larly in  coal  districts.  Mineral  tar  is  very  similar  to  petroleum,  but  is  more 
viscid  and  of  a  deeper  colour.  Both  these  species  become  thick  by  exposure 
to  the  atmosphere,  and  in  the  opinion  of  Mr.  Hatchett  pass  into  solid 
bitumen. 

AephaUum  is  a  solid  brittle  bitumen,  of  a  black  colour,  vitreous  lustre, 
and  oonchoidal  fracture.  It  melts  easily,  and  is  very  inflammable.  It  emits 
a  bituminous  odour  when  rubbed,  and  by  distillation  yields  a  fluid  like 
naphtha.  It  is  soluble  in  about  five  times  its  weight  of  naphtha,  and  the 
solution  forms  a  good  varnish.    It  is  rather  denser  &an  water. 

Asphaltum  is  found  on  the  surftce  and  on  the  banks  of  the  Dead  Sea, 
and  occurs  in  large  quantity  in  Barbadoes  and  Trinidad.  It  was  employed 
by  the  ancients  in  building,  and  is  said  to  have  been  used  by  the  Egyptians 
in  embalming. 

Mineral  Pitch  or  Maltha  is  likewise  a  solid  bitumen,  but  is  much  softer 
than  asphaltum.  EUastio  bitumen,  or  mineral  caoutehoucy  is  a  rare  variety 
of  mineral  pitch,  found  only  in  the  Odin  mine,  near  Castleton  in  Derby, 
shire. 

Retinaephaltum  is  a  peculiar  bituminous  substance,  found  associated 
with  the  brown  coal  of  Bovey  in  Devonshire  (Phil.  Trans.  1804).  It  con- 
sistB  partly  of  bitumen,  and  partly  of  resin,  a  composition  which  led  Mr. 
Hatchett  to  the  opinion  that  bitumens  are  chiefly  formed  from  the  resinous 
principle  of  plants. 

Inflammable  Principles  of  Tar. 

Among  the  products  of  the  destructive  distillation  of  vegetable  and  ani. 
mal  substances  is  a  black  inflammable  liquid  called  far,  which  in  aspect 
resembles  the  tar  from  fir  (page  546).  A  large  quantity  is  formed  during 
the  distillation  of  wood,  and  in  the  preparation  of  coal  gas.  The  tar  obtain, 
ed  fi'om  such  sources  has  been  the  subject  of  an  elaborate  inquiry  by  Dr. 
Reichenbach,'of  Blansko,  who  has  discovered  in  it  no  fower  than  six  new 
principles;  namely,  paraffine,  euptone,  creoeote,  pieamar^  eapnomor^  and 
pUtaeal.  A  description  of  the  two  former  will  be  found  at  pages  251-3,  and 
the  latter  will  be  described  in  this  place.  The  ori]^nal  essays  of  Reichen- 
bach  appeared  in  Schweigger-Seidel's  Journal  for  1830  and  the  following 
years. 

Creosote. — ^Tliis  substance  exists  in  solution  in  crude  pyroligneoos  acid ; 
but  it  is  best  prepared  from  thoseportions  of  the  oil  distilled  fVom  wood-tar, 
which  are  heavier  than  water.  The 'oil  is  first  freed  firom  adhering  acetic 
acid  by  carbonate  of  potassa,  and,  after  separation  from  the  acetate,  is  dis> 
tilled.  A  Httle  phosphoric  acid  is  mixed  with  the  product  to  neutralise 
ammonia,  and  another  distillation  resorted  to.    It  is  next  mixed  with  a 
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•traof  lolntioii  of  pntB— ,  which  oombines  with  creosote,  sHows  07 
eapioiie  which  may  be  pretent  to  collect  on  its  sttr&oe«  «nd  by  di|^ewtini 
decompoeet  other  or^nic  matter :  the  alkaline  solution  is  then  neiitxafiBi 
br  ralphorie  acid,  and  the  oil  which  aeparatea  ia  collected  and  ^wtiBwrf. 
For  the  complete  parification  of  the  creoeote,  this  treatment  with  pcrfwi, 
loUowed  bjr  neatraliaation  and  diatillation,  requires  to  be   frequently  » 


Creosote  is  a  oolourleas  transparent  liqoid  of  an  oily  oonsisteocse,  whka 
retains  iU  fluidity  at— 17^,  has  a  sp.  gr,  of  1.037  at  63^,  boik  at  397^,  u 
a  non-conductor  of  electricity,  and  refracts  light  powerfully.  It  has  a.  ban. 
ing  taste  followed  by  sweetness,  and  its  odour  is  like  that  of  wood-sHZBofee  cr 
rather  of  smoked  meat  It  u  highly  antiseptic  to  meat :  tbe  antiaqiCic  ts- 
tne  of  tar,  smoke,  and  crude  pyroiigneous  acid  seems  owing  to  the  ytamLnn 
of  creosote.  Its  name,  from  s^iac^sA,  and  r»^«  /  sane,  waa  «igge,ntcd  by 
this  property. 

Creosote  requires  about  80  parts  of  water  fiir  solution,  and  is  mahASff  m 
every  proportion  in  alcohol,  ether,  sulphnret  of  carbon,  eu|none,  and  ] 
It  has  neither  an  acid  nor  alkaline  reaction  with  test-paper,  bat  e 
both  with  acids  and  alkalies.  With  potassa,  soda,  lime,  and  baryta  it  i 
compounds  soluble  in  water ;  but  the  creosote  is  separated  even  by  fe^le 
acids.  Of  the  acids,  it  unites  most  readily  with  the  acetic,  dtasalTing  ii 
every  proportion:  by  strong  nitric  and  sulphuric  acid  it  is  decomposed. 
Creosote  unites  aho  with  chlorine,  iodine,  bromine,  sulphur,  and  pbospbonn. 

Creosote  acts  powerfully  in  coagulating  albumen,  this  effect  being  pro> 
doced  by  a  solution  of  one  drop  in  a  large  quantity  of  water.  It  acts  wi& 
energy  on  living  beings.  Insects  and  fish  thrown  into  the  aqaeoos  irofa*f*T» 
of  creosote  are  killed,  and  plants  die  when  watered  with  it  It  appears  ine- 
All  in  medicine :  it  is  said  to  be  very  efficacious  as  a  topical  appUcation  in 
toothach,  ulcers,  and  cutaneous  diseases;  and  it  probably  admits  of  masy 
other  applications. 

Creosote  is  a  compound  of  carbon,  hydrogen,  and  oxygen,  bat  the  ratie  of 
its  elements  is  not  yet  known. 

Pieamar. — ^This  substance  is  the  bitter  principle  of  tar,  whence  it  deriw 
its  name  (in  pice  amarum).  It  is  present  in  the  heaviest  portions  of  the  rec- 
tified oil  of  tar,  and  when  these  are  treated  by  potassa,  a  crystalline  ood- 
pound  of  tbe  alkali  and  pieamar  is  fi>rmed :  this  compound,. when  purified 
by  repeated  solution  in  water  and  crystallization,  b  decomposed  by  phospbfK 
no  acid,  and  the  pieamar  separated  by  distillation. 

Pieamar  is  an  oily  colourless  liquid,  of  a  peculiar  odour  and  very  hitler 
taste.  Its  sp.  gr.  is  1.100,  and  it  boils  at  545°,  being  considerably  less  voh- 
tile  than  creosote.  It  is  insoluble  in  eupione  and  sparingly  soluble  in  water; 
but  it  dissolves  without  limit  in  alcohol  and  ether.  It  has  no  action  on  test- 
paper;  bat  it  unites  with  potassa  as  above  mentioned,  and  strong  sulphwie 
acid  dissolves  it  without  decomposition.  From  its  permanence  in  the  air, 
its  fixity  when  heated,  and  ita  oily  nature,  it  is  well  adapted  for  greasing 
machinery  and  protecting  it  from,  rust    Its  composition  is  unknown. 

Cajmomor, — This  substance  occurs  along  with  creosote,  pieamar,  and  pit- 
tacal  in  the  heavy  oil  of  tar.  On  digesting  that  oil  with  solution  of  potassa, 
the  three  latter  principles  are  dissolved,  and  the  capnomor  collects  on  the 
■urface,  combined  with  a  little  eupione.  The  capnomor  is  then  dissolved  by 
sulphuric  acid,  in  which  eupione  is  insoluble ;  and  from  the  solution,  on 
being  neutralized  with  carbonate  of  potassa,  capnomor  separates,  and  is  puri- 
fied by  distillation.  Its  name  is  derived  from  iM^rvoc  amoke^  and  fAol^a.  part, 
because  it  is  one  of  the  ingredients  of  smoke. 

Capnomor  is  a  colourless  transparent  liquid,  of  a  pungent  taste  and  rather 
pleasant  odour,  has  a  sp.  gr.  of  0.975,  and  refracts  light  almost  as  power- 
fuUy  as  creosote.  It  boils  at  365*=*.  It  is  insoluble  in  water  and  solution  of 
potassa,  and  is  soluble  in  alcohol,  ether,  and  eupione.  It  has  the  property 
of  dissolving  caoutchouc,  especially  when  heated,  and  is  the  only  ingredient 
of  tar  which  does  so:  its  presence  in  coal  naphtha  is  the  cause  of  tbe  wU 
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vent  action  of  that  liquid  on  caontchouc.  The  oompoiition  of  capnomor 
has  not  been  ascertained,  thoDgh  doubtless  carbon  and  hydrogen  are  its 
principal  ingredienta. 

I*iUaeaL — When  the  heavy  oil  of  tar  is  digested  with  a  solution  of  ba* 
ryta,  a  fine  blue  colour  appears,  which  is  due  to  pittacal,  from  jtitta  pitch, 
and  KAKK9(  ornament  The  mode  of  preparing  it  has  not  been  described. 
It  is  a  solid  of  a  beautiful  blue  colour,  which  admits  of  being  fixed  as  a  dye. 
It  is  very  permanent,  contains  nitrogen  as  one  of  its  elements,  and  appears 
to  belong  to  the  same  class  of  bodies  as  indigo. 

PIT-GOAL. 

Brown  Coal  is  characterized  by  burning  with  a  peculiar  bituminous  odouri 
like  that  of  peat  It  is  sometimes  earthy,  but  the  fibrous  structure  of  the 
wood  from  which  it  is  derived  is  generally  more  or  less  distinct,  and  hence 
this  variety  is  called  hituminou9  wood.  Pitch  cotd  or  jet,  which  u  employed 
for  forming  ear-rings  and  other  trinkets,  is  intermediate  between  brown 
and  black  coal,  but  is  perhaps  more  closely  allied  to  the  former  than  the 
latter. 

Brown  coal  is  found  at  fiovey  in  Devonshire  (fiovey  coal),  in  Iceland, 
where  it  is  called  turturbrand,  and  in  several  parts  of  the  continent,  espe- 
cially at  the  Mcissner  in  Hessia,  in  Saxony,  Prussia,  and  Styria. 

Common  or  Black  CoaL — Of  the  common  or  black  coal  there  are  several 
varieties,  wjiich  differ  from  each  other,  not  only  in  the  quantity  of  foreign 
matters,  such  as  sulphuret  of  iron  and  earthy  substances,  wlych  they  con- 
tain, but  also  in  the  proportion  of  what  may  be  regarded  as  essential  consti- 
tuents. Thus  some  kinds  of  coal  consist  almost  entirely  of  carbonaceous 
matters,  and,  therefore,  form  little  flame  in  burning ;  while  others,  of  which 
cannel  coal  is  an  example,  yield  a  large  quantity  of  inflammable  gases  by 
beat,  and  consequently  burn  with  a  large  flame.  Dr.  Thomson  has  arranged 
the  different  kinds  of  coal  which  are  met  with  in  Britain  into  four  subdivi- 
sions. (An.  of  Phil,  xiv.)  The  first  b  caking  coal,  because  its  particles  are 
softened  by  heat  and  adhere  together,  formmg  a  compact  mass.  The  coal 
found  at  Newcastle,  around  Manchester,  and  many  other  parts  of  England^ 
is  of  this  kind.  The  second  is  termed  oplint  coal,  from  the  splintery  appear- 
ance of  its  fracture.  The  cherry  coal  occurs  in  Staffordshire,  and  m  the 
neighbourhood  of  Glasgow.  Its  structure  is  slaty,  and  it  is  more  easily 
broken  than  splint  coal,  which  is  much  harder.  It  easily  takes  fire,  and  is 
consumed  rapidly,  burning  with  a  clear  yellow  flame.  The  fourth  kind  is 
cannel  coal,  which  b  found  of  peculiar  purity  at  Wigan  in  Lancashire.  In 
Scotland  it  is  known  by  the  name  of  parrot  coaL  From  the  brilliancy  of  the 
light  which  it  emits  while  burning,  it  is  sometimes  used  as  a  substitute  for 
candles,  a  practice  which  is  said  to  have  led  to  the  name  of  cannel  coal.  It 
has  a  very  compact  structure,  does  not  soil  the  fingers  when  handled,  and 
admits  of  bein^  polished.  Snuff-boxes  and  other  ornaments  are  made  with 
this  coal ;  and  it  is  peculiarly  well  fitted  for  forming  coal  gas.  According  to 
the  experiments  of  Thomson,  these  varieties  of  coal  are  thus  constituted  :— 


Ca 

kuigCoaL 

Splint  Coal. 

Cherry  Coal. 

Cannel  Coal. 

Carbon 

7558 

75.00 

74.45 

64.72 

Hydrogen 

4.18 

6.25 

12.40 

21.56 

Nitrogen 

15.96 

6i25 

10.22 

13.72 

Oxygen 

4.58 

12.50 

2.93 

0.00 

100.00  100.00  100.00  100.00 

Judging  from  the  quantity  of  oxidized  products  (water,  carbonic  acid,  and 
carbonic  oxide)  which  are  procured  during  the  distillation  of  coal,  Henry  in- 
fers that  coal  contains  more  oxygen  than  was  found  by  Thomson.  (EHements, 
11th  Edit.  iL  p*  348.)  This  opinion  is  supported  by  the  analysis  of  Ure,  who 
found  26.66  per  cent  of  oxygen  in  splint,  and  21.9  in  cannel  coaL    When 
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eotl  11  betted  to  r«diie«  in  doM  fgweh,  a  great  qnuitity  of  ▼olntile  : 
§■  dianpated,  and  a  carbooaoeoua  reodne,  called  coke^  remains  in  tbe  retet 
The  volatile  labetancei  are  coal  tar,  acetic  acid,  water,  bydFovuIpltciric  mead, 
and  hydrosalphate  and  earboiiate  of  ammonia,  to^retber  with  the  aeveni 
M  fbrmerly  ens 


gaaet  fbrmerlj  ennmerated.    The  greater  pari  of  these  sobstani 

moft  of  the  bitnminoae  princi|dei,  are  real  prodocta,  that  ia,  mr&  g&UBnUd 

during  the  diftillatioo. 

CfUnee  Coal. — Glance  coal,  or  mtiikraeiU,  diffisra  from   comman   oad( 
which  it  frequently  accompanies,  in  containing  no  hitnminous  sufasCanoes, 
and  in  not  yielding  inflammable  gases  by  distUlation.    Its  sole  combosdUe 
ingredient  is  carbon,  and  consequently  it  boms  without  flame.  It  commonl/ 
occurs  in  the  immediate  vicinity  of  basalt,  under  circumstances  whidi  lead 
to  the  suspicion  that  it  is  coal  from  which  the  volatile  ingredients  have  bea 
expelled  by  subterranean  heat     At  the  Meissner,  in  Heasia,  it  is  fiMind  be. 
tween  a  bed  of  brown  coal  and  basalt  .Kilkenny  coal  appears  to  be  a  va- 
riety of  glance  coaL  (Thomson,  An.  of  PhiL  vol  zv.) 


SECTION  V. 

SPIRITUOUS  AND  ETHEREAL  SUBSTANCES. 
•AlcohoL 

AucoHOL  b  the  intoxicating  ingredient  of  all  spirituous  and  vinooa  liquors. 
It  does  not  exist  ready  fbrmra  in  plants,  but  is  a  product  of  the  vinoga  ier- 
mentation,  the  theory  of  which  will  be  stated  in  a  subsequent  section. 

Common  alcohol  or  spirit  of  wine  is  prepared  by  diatilling  whisky  or 
some  ardent  spirit,  and  the  rectified  spirit  of  wine  is  procured  by  a  seoood 
distillation.    The  former  has  a  specific  gravity  of  about  0.867,  and  the  lat- 
ter of  0.835  or  0.84.    In  this  state  it  contains  a  quantitv  of  water,  from 
which  it  may  be  freed  by  the  action  of  substances  which  have  a  atrong 
afiinity  for  that  liquid.    Thus,  when  carbonate  of  potassa  heated  to  300^  is 
mixed  with  spirit  of  wine,  the  alkali  unites  with  the  water,  forming  a  dense 
solution,  which,  on  standing,  separates  from  the  alcohol,  so  that  the  latter 
may  be  removed  by  decantation.    To  the  alcohol,  thus  deprived  of  part  d 
its  water,  fresh  portions  of  the  dry  carbonate  are  successively  added,  untfl 
it  falls  through   the  spirit  without   being  moistened.    Other  substaacea 
which  have  a  powerfiil  attraction  for  water,  may  be  substituted  for  carb» 
nate  of  potassa.    Gay-Lussac  recommends  the  use  of  pore  lime  and  baryta 
(An.  de  Ch.  Ixxxvt.) ;  and  dry  alumina  may  also  be  employed.    A  very  con- 
venient process  is  to  mix  the  alcohol  with  chloride  of  cdcium  in  powder, 
or  with  quicklime,  and  draw  off  the  stronger  portions  by  distiilation.    An- 
other procc*JS,  which  has  been  recommended  for  depriving  alcohol  of  water, 
is  to  put  it  into  the  bladder  of  an  ox,  anjd  suspend  it  over  a  sand-bath.    The 
water  gradually  passes  through  the  coats  of  the  bladder,  while  the  pore  al- 
cohol is  retained ;  but  though  this  method  answers  well  for  strengthening 
weak  spirit,  its  power  of  purifying  strong  alcohol  is  very  Questionable. 
(Journal  of  Science,  xviii.)    The  strongest  alcohol  which  can  be  procored 
by  any  of  these  processes  has  a  specific  gravity  of  0.796  at  60°  F.    This 
is  called  atfsoltUe  alcohol,  to  denote  its  entire  freedom  from  water. 

An' elegant  and  easy  process  for  procuring  absolute  alcohol  has  been  pro- 
posed by  Mr.  Graham.  (Edin.  Philos.  Trans.  1828.)  A  large  shallow  baoa 
IS  covered  to  a  small  depth  with  quicklime  in  coarse  powder,  and  a  smaller 
one  containing  three  or  four  ounces  of  commercial  aloohol  is  supported  just 
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&!bove  it  The  whole  is  placed  upon  the  plate  of  an  air-pump,  covered  by  a 
lo^i^  receiver,  and  the  air  withdrawn  until  the  alcohol  evinces  signs  of  ebul> 
lition.  Of  the  mingled  vapours  of  water  and  alcohol  which  fill  Uie  receiver, 
fhe  former  alone  is  absorbed  by  the  quicklime,  while  the  latter  is  unaffected. 
Now  it  is  found  that  water  cannot  remain  in  alcohol,  unless  covered  by  an 
atmosphere  of  its  own  vapour ;  and  consequently  the  water  continues  to 
evaporate  without  interruption,  while  the  evaporation  of  the  alcohol  is  en- 
tirely arrested  by  the  pressure  of  the  vapour  of  alcohol  on  its  surface. 
Common  alcohol  is  in  this  way  entirely  deprived  of  water  in  the  course  of 
about  five  days.  The  temperature  should  be  preserved  as  uniform  as  possi-  - 
ble  during  the  process.  Sulphuric  acid  cannot  be  substituted  for  quicklime, 
since  both  vapours  are  absorbed  by  this  liquid. 

Alcohol  is  a  colourless  limpid  fluid,  of  a  penetrating  odour,  and  burning 
taste.  It  is  hij?hly  volatile,  boiling,  when  its  density  is  0.820,  at  the  tempe- 
rature of  176°^  F.  The  sp.  gravity  of  its  vapour,  according  to  Gay-Lussac, 
is  1.613.  Like  volatile  liquids  in  general,  it  produces  a  considerable  degree 
of  cold  during  evaporation.  It  has  hitherto  retained  its  fluidity  under  every 
degree  of  cold  to  which  it  has  been  exposed. 

Alcohol  is  highly  inflammable,  and  burns  with  a  lambent  yellowish-blue 
flame.  Its  colour  varies  considerably  with  the  strength  of  the  alcohol,  the 
blue  tint  predominating  when  it  is  strong*  and  the  yellow  when  it  is  diluted. 
Its  combustion  is  not  attended  with  the  least  degree  of  smoke,  and  the  sole 
products  are  water  and  carbonic  acid.  When  transmitted  through  a  red- 
hot  tubd  of  porcelain,  it  is  resolved  into  carburetted  hydrogen,  carbonic 
oxide,  and  water,  and  the  tube  is  lined  with  a  small  quantity  of  charcoal. 

Alcohol  unites  with  water  in  every  proportion.  The  act  of  combining  is 
ttsually  attended  with  diminution 'of  volume,  so  that  a  mixture  of  50  mea- 
sures of  alcohol  and  50  of  water  occupies  less  than  100  measures.  Owing  to 
this  circumstance,  the  action  is  accompanied  with  increase  of  temperature. 
Since  the  density  of  the  mixture  increases  as  the  water  predominates,  the 
strength  of  the  spirit  may  be  estimated  by  its  sp.  gravity.  Equal  weights 
of  absolute  alcohol  and  water  constitute  proof  apirit,  the  density  of  whidi  is 
0.917 ;  but  the  proof  spirit  employed  by  the  colleges  for  tinctures  has  a  sp. 
gravity  of  0.930,  or  0.935. 

Of  the  salifiable  bases  alcohol  can  alone  dissolve  potassa,  soda,  litliia,  am- 
monia, and  the  vegetable  alkalies.  None  of  the  earths  or  other  metallic 
oxides  are  dissolved  by  it  Most  of  the  acids  attack  it  by  the  aid  of  heat, 
giving  rise  to  a  class  of  bodies  to  which  the  name  of  ether  is  applied.  All  the 
salts  which  are  either  insoluble,  or  sparingly  soluble  in  water,  are  insoluble 
in  alcohol  The  efilorescent  salts  are,  likewise,  for  the  most  part  insoluble 
in  this  menstruum;  but,  on  tlie  contrary,  itjs  capable  of  dissolving  nearly 
all  the  deliquescent  salts,  except  carbonate  of  potassa.  Many  of  the  vegeta- 
ble principles,  such  as  sugar,  manna,  camphor,  resins,  balsams,  and  the  es- 
sential oils,  are  soluble  in  alcohol. 

The  solubility  of  certain  substances  in  alcohol  appears  owing  to  the  for- 
mation of  definite  compounds,  which  are  soluble  in  that  liquids  This  has 
been  proved  of  the  chlorides  of  calcium,  manganese,  and  zinc,  and  of  the 
nitrates  of  lime  and  magnesia,  by  Mr.  Graham  in  the  essay  above  cited.  It 
appears  from  his  experiments  that  all  these  bodies  unite  with  alcohol  in  de- 
finite proportion,  and  yield  crystalline  compounds,  which  are  deliquescent 
and  soluble  both  in  water  and  alcohol.  ,  From  their  analogy  to  hydrates, 
Mr.  Graham  has  applied  to  them  the  name  of  akoates.  These  are  formed 
by  dissolving  the  substances  in  absolute  alcohol  by  meand  of  heat,  when  on 
coolioff  a  group  of  crystals  more  or  less  irregular  is  deposited.  The  salt  and 
alcohol  employed  for  the  purpose  should  be  quite  anhydrous ;  for  the  crys- 
tallization is  prevented  by  a  very  small  quantity  of  water.  Estimating  the 
combining  proportion  of  alcohol  at  33.24,  the  alcoate  of  chloride  of  calcium 
ii  composed  of  onC'equivalent  of  chloride  of  calcium,  and  three  equivalents 
and  a  half  of  alcohol  Nitrate  of  magnesia  crystallizes  with  nine  equivalents 
of  alcohol;  nitrate  of  lime  with  two  and  a  half  equivalents ;  protochloride  of 
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maogaaeM  with  three  eqninlenti;  and  chloride  of  sine  with  half  an  eqniva^ 

lent  of  alcohol. 
The  following  statement  of  the  components  of  alcohol  is  drawn  from  an 

analysis  by  Saussure  (An.  de  Ch.  Ixzxix.)  :-^ 

Carbon  52.17  12.34  2C     or      24.48  4C 

Hydrogen       13.04  3  3H  6  6H 

Oxygen  34.79  8  O  16  20 

100.00  2354         CaHaO  46.48        C*HeO«. 

Chemists  are  not  agreed  about  the  equivalent  of  alcohol.  It  is  usually  con- 
sidered  as  23J24  or  23,  an  opinion  supported  by  the  oompositicm  of  the  aL 
coates  above  mentioned ;  but  some  circumstances  fiivour  the  adoption  of  twice 
that  number,  agreeably  to  the  second  of  the  preceding  formulas.  Admitting 
33J24  as  its  equivalent,  100  measures'of  the  vapour  of  alcohol  may  be  viewed 
as  consisting  of  100  measures  of  olefiant  gas  and  100  of  aqueous  vapour ; 
smce  0.9808  (sp.  gr.  of  olefiant  gaB)-|-0.6202  (sp.  gr.  of  aqueous  vapour) 
^1.6009,  which  closely  coincides  with  the  observed  sp.  gravity  of  the  vapour 
of  alcohol.  The  formula  of  alcohol  will  in  this  case  be  HKi^K;  and  alco- 
hoi  is  really  resolved  into  olefiant  gas  and  water  by  the  action  of  galvanism 
(Ritchie).  Adopting  46.48  as  the  equivalent  of  alcohol,  then  it  may  be  viewed 
as  a  compound  of  etherine  (page  250)  and  aqueous  vapour,  H<!^+^^>  or  as 
a  hydrate  of  ether  formed  of  equal  volumes  of  the  vapours  of  ether  and  wa- 
ter, united  without  condensation.  On  both  hypotheses,  the  calculated  density 
of  the  vapour  of  alcohol  agrees  with  observation. 

Alcohol  exists  ready  formed  in  wine  and  spirituous  liquors,  and  may  be 
collected  without  heat^  Mr.  Brande  (PhiL  Trans.  1811  and  1813)  procured 
it  firom  wine  by  precipitating  the  acid  and  extractive  colouring  matters  by 
subacetate  of  lead,  and  then  depriving  the  alcohol  of  water  by  dry  carbonate 
of  potassa :  the  pure  alcohol  may  then  be  measured  in  a  graduated  tube. 
Gay-Lussac  obtained  alcohol  from  wine  by  distilling  it  in  vacuo  at  the  tem- 
perature of  60°  F.  He  also  succeeded  in  separating  the  alcohol  by  the  me- 
thod of  Mr.  Brande ;  but  he  suggests  the  employment  of  litharge  in  fine 
powder,  instead  of  subacetate  of  lead,  for  precipitating  the  colouring  matter. 
(Mem.  d^Arcueil,  vol.  iii.)  ^ 

The  preceding  researches  of  Mr.  Brande  led  him  to  examine  the  quantity 
of  alcohol  contamed  in  spirituous  and  fermented  liquors.  According  to  his 
experiments,  brand;^^,  rum,  gin,  and  whisky,  contain  from  51  to  54  per  cent 
of  alcohol,  of  specific  gravity  0.825.  The  stronger  wines,  such  as  Lissa, 
Raisin  wine,  Marsala,  Port,  Madeira,  Sherry,  Teneriffc,  Constantia,  Malaga, 
Bttcellas,  Calcavella,  and  Vidonia,  contain  from  between  18  or  19  to  25  per 
cent  of  alcohol.  In  Claret,  Sauterne,  Burflfundy,  Hock,  Champagne,  Her- 
mitage, and  Gooseberry  wine,  the  quantity  is  from  12  to  17  per  cent  In 
cider,  perry,  ale,  and  porter,  the  quantity  varies  from  4  to  near  10  per  cent 
In  all  spirits,  such  as  brandy  or  whisky,  the  alcohol  is  simply  combined 
with  water ;  whereas  in  wine  it  is  in  combination  with  mucilaginous,  sac- 
charine, and  other  vegetable  principles,  a  condition  which  tends  to  diminish 
the  action  of  the  alcohol  upon  the  system.  This  may,  perhaps,  account  for 
the  fiict  that  brandy,  which  contains  little  more  than  twice  as  much  real  id- 
cohol  as  good  port  wine,  has  an  intoxicating  power  which  is  considerably 
more  than  double. 

JEther. 

Most  of  the  stronger  acids,  when  heated  with  alcohol,  ^ive  rise  to  the 
formation  of  a  volatile  inflammable  liquid  ca!lled  elher^  the  different  kind^  of 
which  are  further  distinguished  by  the  name  of  the  acid  with  which  they 
w»re  prepared.  Thus  by  sulphuric,  hydrochloric,  and  oxalic  ether  are 
meant  the  ethers  formed  by  means  of  sulphuric,  hydrochloric,  and  oxalic 
acid.    Most  of  these  ethers  actually  contain  the  acid,  or  the  elements  of  the 
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acid,  employed  in  their  production,  and,  therefore,  differ  essentially  from 
each  other;  but  that  which  is  formed  by  means  of  sulphuric  and  phosphoric 
a^d  is  a  definite  compound  of  carbon,  hydrogen,  ai^d  ozygren,  and  is  alto- 
gether free  from  acid.  .  It  is  to  this  compound  the  generic  term  ether  will 
always  be  applied. 

In  the  usual  process  for  preparing  ether,  strong  sulphuric  acid  is  gently 
poured  upon  an  equal  weight  of  rectified  spirit  or  wine  contained  in  a  thin 
g^lass  retort,  and  after  mixmg  the  fluids  together  by  agitation,  which  occa- 
sions a  sudden  riw  of  temperatuie,  the  mixture  is  heated  as  rapidly  as  pos- 
sible until  ebullition  commences.  At  the  beginning  of  the  process  nothing 
but  alcohol  passes  over ;  but  as  soon  as  the  Uquid  boils,  ether  is  generated, 
and  condenses  in  the  recipient,  which  is  purposely  kept  cool  by  the  apptioi^' 
tion  of  ice  or  moist  cloths.  When  a  quantity  of  ether  is  collected,  equal  in 
f^eral  to  about  half  of  the  alcohol  employed,  white  fumes  begin  to  appear 
m  the  retort  At  this  period,  the  process  should  be  discontinued,  or  the  re- 
ceiver changed ;  lor  although  ether  does  not  cease  to  be  generated,  its  quan- 
tity is  less  considerable,  and  several  other  products  make  their  appearance : 
thus  on  continuing  the  operation,  sulphurous  acid  is  disengaged,  and  a  vel* 
lowish  liquid,  commonly  called  ethereal  oU^  or  oU  of  toine^  paaises  over  mto 
the  receiver.  If  the  heat  be  still  continued,  a  large  quantity  of  olefiant  gas  ie 
diseni^ed,  and  all  tbe  phenomena  ensue  which  were  mentioned  in  the  de- 
scription of  that  compound.  (Page  247.) 

Ether,  thus  formed,  is  always  mixed  with  alcohol,  and  generally  with 
some  sulphurous  acid.  To  separate  these  impurities  the  ether  should  be 
agitated  with  a  strong  solution  of  potassa,  which  neutralizes  the  acid,  while 
the  water  unites  with  the  alcohol.  The  ether  is  then  distilled  by  a  very 
gentle  heat,  and  may  be  rendered  still  stronger  by  distillation  from  chloride 
of  calcium. 

Pure  ether  is  a  colourless  limpid  liquid,  of  a  hot  pungent  taste,  and  fra- 
grant odour.  Its  sp.  gr.  is  0.700,  or  0.633  according  to  Xovitz;  but  that  of 
the  shops  is  0.74,  or  even  greater,  owing  to  the  presence  of  some  alcohol 
and  water.  Its  volatUitr  is  very  great :  under  the  atmospheric  pressure, 
ether  of  sp.  gr.  0.720  boUs  at  96°  or  909^  and  at  — 40^  in  a  vacuum.  Ita 
evaporation,  from  the  rapidity  with  which  it  occurs,  occasions  intense  cold, 
snmeient  in  a  cool  atmosphere  for  fi«ezing  mercury.  The  sp.  gr.  of  ita 
vapour  was  found  by  Gay-Lussac  to  be  2.586.    At  — 46°  it  is  con^aled. 

Ether  combines  with  alcohol  in  every  proportion,  but  is  very  sparingly 
soluble  in  water.  When  agitated  with  water,  the  greater  part  separates  on 
standing,  a  small  quantity  being  retained,  which  imparts  an  ethereal  odour 
to  the  water.  The  ether  so  washed  is  very  free  from  alcohol,  which  com- 
bines by  preference  with  the  water. 

Ether  is  highly  inflammable,  burning  with  a  yellow  flame,  and  formation 
of  water  and  carbonic  add.  With  oxyren  gas  its  vapour  forms  a  mixture, 
which  explodes  violentlv  on  the  approach  of  flame,  or  b^  the  electric  spark. 
On  being  transmitted  through  a  red-hot  porcelain  tube  it  undergoes  decom- 
position, and  yields  the  same  products  as  alcohol. 

When  a  coil  of  platinum  wire  is  heated  to  redness,  and  then  suspended 
above  the  surface  of  ether  contained  in  an  open  vessel,  the  wire  instantly  be- 
gins  to  glow,  and  continues  in  that  state  until  all  the  ether  is  consumed. 
During  this  slow  combustion,  pungent  acrid  fumes  are  emitted,  which,  if 
received  in  a  separate  vessel,  condense  into  a  colourless  liquid  possessed  of 
acid,  properties.  Professor  Daniell,  who  prepared  a  large  quantity  of  it, 
was  at  first  inclined  to  regard  it  as  a  new  acid,  which  he  described  under 
the  name  of  lampie  acid;  but  he  has  since  ascertained  that  its  acidity  is 
owing  to  acetic  acid,  which  is  combined  with  some  compound  of  carbon 
and  hvdrogen  different  both  from  ether  and  alcohol  (Journal  of  Science, 
vi.  and  xii.)    Alcohol,  when  similarly  burned,  likewise  yields  acetic  acid.   ' 

If  ether  is  exposed  to  light  hi  a  vessel  partially  filled,  and  which  is  fre- 
quently  opened,  it  gradually  abeorbs  oxygen,  and  a  portion  of  acetic  acid  is 
generated^    This  (&«nge  was  first  notaoed  by  M.  Planche,  and  has  been 


556  ETHER* 

oonfirmed  by  Gay-Lusiac  (An.  de  Ch.  ct  de  Ph.  iL  98  and  213.)  M.  Henry 
of  Paris  attributes  its  developement  to  acetic  ether,  which  he  believes  to  be 
always  contained  in  sulphuric  ether. 

The  solvent  properties  of  ether  are  less  extensive  than  those  of  alcohol 
It  dissohes  the  essential  oils,  resins,  and  most  of  the  fatty  principles.  Some 
of  the  vegetable  alkalies  are  soluble  in  it,  and  it  dissolves  ammonia ;  but  the 
fixed  alkalies  are  insoluble  in  ether. 

From  the  analyses  of  Saussure,  and  Dumas  and  BouUay,  the  composition 
of  pure  ether  is  admitted  to  be  as  follows: — 

Carbon        .        .        64.96  24.48 

Hydrogen        ,  13.47  5 

Oxygen       .        ,        21.57  8 

100.00  37.48         leq.        C4H«0. 

On  comparing  the  composition  of  ether  with  that  of  alcohol,  it  will  b« 
obvious  that  these  compounds  may  be  regarded  as  hydrates  of  ctherine 
(page  244)  :-4hus 

Alcohol  Ether. 

Etherine    .        .       .28.48        H«C«  28.48       H«C« 

Water    .        .        .    18  2H  9  H 


4eq. 

iC 

5eq. 

5H 

leq. 

O 

46.48        H<I*4-2H        37.48      H*C*+H. 

Recent  discoveries  to  organic  chemistry  have  induced  Berzelius  to  reeard 
ether  as  the  oxide  of  a  compound  inflammable  body  called  etkuU  or  eUtyU 
(from  ether  and  vxn  principle);  and  his  opinion  has  been  ably  supported  by 
Lieblg  (An.  de  Ch.  et  de  Ph.  Iv.  113).  On  this  supposition  ethule  consists  of 
4  eq.  of  carbon  and  5  eq.  of  hydrogen,  H<C4,  so  tliat  the  formula  of  ether 
is  H«C^O,  a  constitution  analogous  to  that  of  camphor.  It  may  be 
urged  against  this  view  that  ethule  has  not  been  obtained  in  a  separate 
form,  and  that  the  sp.  gr.  of  the  vapours  of  alcohol  and  ether  is  exactlv 
ftuch  as  wouM  be  expected  from  hydrates  of  etherine ;  but  as  a  theory  it 
applies  at  least  as  well  as  the  former  theory.  This  wiH  appear  from  the 
following  comparative  view,  which  represents  the  composition  of  the  prin- 
cipal compounds  described  in  this  section,  agreeably  to  both  theories. 
Etherine  is  expressed  symbohcally  by  £n,  and  ethule  by  El : — 


Alcohol     .        . 

En4-2H  or 

EnH« 

El+H  or  EIH. 

Ether    . 

En+H  or  EnH 

El+O  or  EL 

Sulpho-vinic  acid      . 

EnHM-2S 

ElH+aS. 

Ethero^ulphuric  acid 

EnH+2S 

E1+2S. 

Ethero-pbosphoric  acid 

EnH+p' 

El+P, 

Oil  of  wine 

2En+2S 

Hydrochloric  ether 

En+HCl 

El+Cl 

Hydriodic  ether 

En+HI 

El+L 

Hydh>bromic  ether 

En+HBr 

El+Br. 

Nitrous  ether 

EnH+N 

El+N. 

Oxalic  ether      . 

Enil+Ok 

m+6l 

STHKB.  557 

Benzoic  ether  EnH+B  £1+5. 

Acetic  ether     .  .        EnH+A  EI+X 

Tartaric  ether  -            EnH+T  JSl+T. 

Pyroxylidi  spirit  «        £n+H  El+SO 

SulphO'Vinie  Acid, — This  aeid  was  first  noticed  in  the  jear  1800  by  M* 
Dabit,  and  has  since  been  studied  by  Sertuerner,  V<MreI,  and  Gaj-Lossac, 
and  more  lately  by  SeruUas,  Hennell,  Wohler  and  Liebig,  and  Magnus. 
(An.  de  Ch.  et  de  Ph.  zlviL  421;  PhiL  Trans.  1836  and  1828;  and  Fof. 
Annalen,  xxvii.  367.)  It  is  formed  by  the  action  of  strong  sulphuric  acid 
on  alcoho^  and  plajs  an  essential  part  in  the  formation  of  ether.  When 
the  ingredients  for  forming  ether  are  intermixed,  and  before  heat  is  applied, 
nearly  half  of  the  acid  exists  in  the  state  of  sulpho-vinic  acid,  and  may  be 
separated  from  sulphuric  acid  by  neutralizing  the  mixture  with  carbonate  of 
baryta,  when  an  insoluble  sulphate  and  a  soluble  sulpho-vinate  of  baryta 
are  generated,  the  latter  of  which  by  evaporation  may  be  obtained  in  crys- 
tals.  Soluble  sulpho-vinates  of  lime  and  oxide  of  lead  may  be  obtained  in 
the  same  manner ;  and  by  decomposing  a  solution  of  these  salts  by  car- 
bonate  of  potassa  or  soda,  a  sulpho-vinate  of  these  allLalies  is  formed. 

Sulpho-vinic  acid  may  be  procured  in  solution  by  exactly  decomposing 
sulpho-vinate  of  baryta  with  sulphuric  acid;  but  it  has  not  been  obtained  in 
a  dry  state  except  when  combined  with  a  base.  Hennell  considers  the  acid 
to  be  a  compound  of  sulphuric  acid  with  olefiant  fas  or  etherine ;  but  the 
analyses  of  sulpho-vinate  of  baryta  by  Wohler,  lAebig,  and  Magnus  indicate 
that  it  consists  of  sulphuric  acid  and  alcohol  The  crystals  of  this  salt 
'~\  of 


Probable  Formula. 
Ba-h(EnHH-2S)+H. 


On  healing  the  crystals  to  123°,  one  equivalent  of  water  of  crystallization 
is  expelled,  and  the  anhydrous  sulpho-rinate  remains;  but  on  raising  the 
heat,  alcohol  is  evolved,  and  sulphate  of  baryta  generated.  The  salt  cannot 
exist  as  a  sulpho-vinate  without  possessing  sufficient  water  to  convert  all  its 
ethane  into  alcohcd.  Sulpho-vinic  acid  may  be  viewed  as  a  bisulpbate  of 
alcohol,  and  sulpho-vinate  of  baryta  as  a  double  sulphate  of  baryta  and  alco. 
hoi,  in  which  one  half  of  the  acid  is  neutralized  by  alcohol  and  the  other 
half  by  baryta. 

Tkeory  of  the  Formation  of  El£ktr,-^\\  was  formerly  thought,  as  first  sug. 
rated  by  Fourcroy  and  Vauquelin,  that  the  sole  principle  concerned  in  the 
formation  of  ether  was  tlie  attraction  of  sulphuric  acid  for  water,  by  wbicli 
the  alcohol  was  directly  converted  into  ether.  It  is  apparently  in  this  way 
that  certain  substances  which  are  very  greedy  of  water,  such  as  the  arsenic 
and  fluoboric  acids,  and  the  chlorides  of  tin  and  arsenic,  efibct  the  conver- 
sion of  alcohol  into  ether;  but  it  is  now  obvious  that  the  ordinary  process  of 
forming  ether  by  sulphuric  acid,  is  of  a  more  complex  nature.  It  consists 
of  two  distinct  parts,  namely,  the  formation  of  sulpho-vinic  acid,  and  the 
snbeequent  decomposition  of  that  acid  under  the  joint  agency  of  heat  and 
Bulphario  aeid.  The  affinities  which  determine  the  fbrmation  of  sulpho- 
vimc  acid  are  the  attraction  of  sulphuric  acid  ibr  water  and  for  alcohol. 
The  anhydrous  aeid  is  divided  between  the  water  and  alcohol  in  such  a 
rthat 
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Sulphuric  acid    . 

.        805    3S 

Baryta 

.    76.7    6a 

Alcohol       .        . 

.        46.48  EnH> 

Water    .        .        . 

.      9      H 
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4  eq.  protohydrate  of  Bulphorlc  aoid  4<H+il)  tj  (Eii+2<i)+^ 
and  1  eq.  of  alcohol  ,        .        En+QH    ^  and  2(2H+S). 

The  actual  compoeition  of  the  hydratod  acid  Taries  with  the  atrength  of 
the  acid  and  alcohol  which  are  osed )  the  diasfram  is  only  intended  to  indi- 
cate that  one-half  of  the  acid  yields  its  water  to  the  other  half,  and  com- 
bines  with  alcohol.  Any  excess  of  alcohol  remains  uncorabined  in  the 
mixture,  or  rises  in  Taponr.  If  the  materials  are  kept  cool,  no  ether  is 
renerated ;  bat  as  soon  as,  on  applying  heat,  the  temperature  rises  to  about 
860^,  the  Bulpho-vinic  acid  is  resolved  into  hydrated  sulphuric  acid  and 
ether.  The  sulpho-vinic  acid  gradually  disappears,  and  all  the  sulphuric 
acid  returns  to  its  original  state  of  a  hydrate,  except  that  it  is  rather  more 
diluted  than  at  Arst  The  same  acid  may  be  employed  to  convert  succes- 
sive portions  of  alcohol  into  ether,  until  it  becomes  too  dilute  to  form  sulpho- 
vinic  acid.  Consistently  with  the  forecroing  explanation,  Mr.  Hennell  oh" 
tained  ether  by  heating  sulpho-vinate  ofpotassa  along  with  strong  sulphuric 
acid.  On  distilling  sulpho-vinate  of  potassa  with  sulphuric  acid,  not  con- 
centrated, but  diluted  with  half  its  weight  of  water,  he  procured  alcohol 
instead  of  ether.  Hence  it  seems  that  the  first  effect  of  heat  on  sulpho-vinic 
acid  is  to  expel  alcoho},  which,  if  too  much  water  is  not  present,  is  convert- 
ed into  ether  in  the  act  of  separation. 

Ethero-Bulphuric  Acid. — ^Wh6n  the  vapour  of  anhydrous  sulphuric  acid 
is  introduced  into  absolute  alcohol  preserved  at  a  low  temperature,  a  yeUow- 
ish  oily  liquid  is  formed,  which  consists  of  hydrated  sulphuric  and  ethero- 
sulphuric  acid,  the  latter  consisting  of  sulphuric  acid  and  ether,  in  the  ratio 

indicated  by  the  formula  Enli-|-2S.  Its  production  is  owing  to  the  water 
and  ether,  which  constitute  alcohol,  uniting  with  separate  portions  of  anhy- 
drous sulphuric  acid.  On  diluting  the  mixed  acids  with  water,  and  neu- 
tralizing with  carbonate  of  baryta,  an  insoluble  sulphate  and  soluble  ethero- 
sulphate  of  baryta  are  obtained.  The  latter  salt  does  not  crystallize,  and  ii 
insoluble  in  alcohol,  in  which  respects  it  differs  from  sulpho-vinate  of  baryta. 
The  ethero-sulphate  of  baiyta,  when  dried  in  vacuo  along  with  sulphuric 
acid,  is  anhydrous,  and  consists  of  one  eq.  of  baryta  and  one  eq.  of  ethero- 

sulphurio  acid.    Its  formula  is  Ba  +  (EnH-|-2S). 

Ma£nus„  who  discovered  this  acid  (Pog.  Anna]en,.xxvii«  378)^  also  formed 
it  by  Uie  action  of  anhydrous  sulphuric  acid  on  ether;  but  in  this  case  some 
oil  of  wine  waff  generated  at  the  same  time,  indicating  the  separation  of  a 
portion  of  ether  into  etherine  and  water.  He  likewise  obtained,  by  partially 
decomposing  ethero«ulphurtc  acid  by  heat,  another  acid  of  a  similar  com» 
position,  the  nature  of  which  is  not  yet  determined. 

Ethero-phoephorie  Add.-^i  haff  been  known  for  years  that  ether,  identi- 
cal with  that  above  described,  may  be  formed  by  heating  alcohol  with  con- 
centrated phosphoric  acid ;  and  Pelouae  has  lately  proved  that  its  formation 
is  preceded  by  the  production  of  an  acid  simikr  to  the  foregoing.  (An.  de 
Ch.  et  de  Ph.  lii.  37.)  Phosphoric  acid  of  a  sp.  gr.  less  than  fii  has  no 
effect  on  alcohol ;  and  if  in  a  state  of  great  concentration,  phosphoric  add 
decomposes  the  alcohol  entirely,  defiant  gas  is  disengaged,  a  liquid  like  oil 
of  wine  passes  over,  and  charcoal  is  set  froe,-^-phenomena  similar  to  those 
produced  by  an  excess  of  strong  sulphuric  acid,  and  referable  to  the  strong 
affinity  of  those  acids  for  water*  To  prepare  ethero-idiosphoric  acid,  mix 
equal  weights  of  alsolute  alcohol  and  phosphoric  acid  m  the  Mate  of  syrup, 
heat  the  mixture  for  a  few  minutes  to  160<^,  set  aside  for  twehty-four  hours, 
and  then  dilute  with  seven  parts  of  water :  the  solution,  neutrdized  by  car- 
bonate of  baryta,  boiled  to  expel  fbee  alcohol^  and  filtered,  yields  on  oooting 
a  white  ethero-phosphate  of  baryta  in  hexagonal  lamins.  A  solution  of 
this  salt  exactly  decomposed  by  sulphuric  acid,  yields  ethero-phosf&oric 
acid. 
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EthoTo-phosphoric  acid  fbrau  fokible  salts  with  soda,  potassa,  ammoniat 
baryta,  and  magnesia,  and  insoluble  ones  with  time,  and  the  oxides  okT  load, 
mercury,  and  silver.  A  moderately  dikte  solution  suffers  very  partial  de- 
composition when  boiled,  which  explains  why  phosphoric  acid  and  alcohol 
yield  but  a  small  portion  of  ether ;  but  if  the  concentrated  acid  is  boiled, 
then  ether,  traces  of  an  oily  matter  like  oil  of  wine,  and  defiant  gas  are 
evolved,  leaving  at  length  phosphoric  acid  and  charcoid. 

Pelouze  considered  ethenKphosphoric  acid  as  a  compound  of  phosphoric 
add  and  alcohol,  analogous  to  snlpho-vinic  acid;  but  from  a  subsequent 
analysis  by  Liebig,  it  appears  that  it  is  a  compound  of  phosphoric  add  and 
ether  (page  556)«  The  ethero-phosphate  of  baryta  in  crystals  centains 
twelve  eq.  of  water  of  crystallization,  which  may  be  expelled  by  heat,  leav- 
ing one  eq.  of  acid  and  two  eq.  of  baryta,  2Ba-)-(EnH+P).  If  the  ether 
and  baryta  were  regarded  as  twa  bases  united  with  phosphoric  add,  the 

resulting  salt,  (2Ba+EnHH-Pt  would  be  analogous  in  compodtion  to  the 
anhydrous  rhombic  phosphate  of  soda  (page  452). 

Oil  of  Wine^ — In  the  process  above  given  for  preparing  ether,  the  quantity 
of  alcohol  perpetually  diminishes,  and  that  of  free  sulphuric  acid  augments, 
the  temperature  of  the  mixture  rises,  and  at  length  the  same  changes  ensue 
as  in  the  preparation  of  olefiant  gas  (page  347).  The  energetic  affinity  for 
water  exerted  by  the  sulphuric  acid  decomposes  the  ether  which  would 
otherwise  bo  formed,  olefiant  m  is  evdved,  and  the  oil  of  wine  coflects  in 
the  receiver  in  form  of  a  yeuowish  fluid.  It  may  be  obtained  in  greater 
quantity  by  distilling  alcohol  with  an  eqna)  measure  of  sulphuric  add. 
The  oil  of  wine  should  be  purified  from  adhering  sulphurous  acid  and  ether 
by  washing  with  water,  and  be  then  dried  in  vacuo  akmg  with  sulphuric 
add  and  fused  potassa.  Oil  of  wine  is  also  formed  when  sulpho-vinic  acid 
or  a  sulpho-vinate  is  distilled,  some  alcohol  and  ether  being  first  disen- 

The  oil  of  wine  has  an  oily  consistence,  an  aromatic  odour,  and  a  bitter* 
ish  pungent  taste.  Its  sp.  gr.  is  1.133.  It  is  neutral  to  test  paper,  is 
sparmgly  soluble  in  water,  but  more  freely  in  alcohol  and  ether,  fi-om  which 
it  may  be  recovered  by  evaporation.  It  is  said  by  Hennell  to  consist  of 
sulphuric  add,  united  with  twice  as  much  carbon  and  hydro&^en  as  In 
snlpho-vinic  add,  and  may  be  hence  regarded  as  a  ndphate  of  etSerine^  the 

formula  of  which  is  En-4-S  or  2£nH~S^  According  to  Serullas  it  also 
contains  half  as  much  water  as  is  associated  in  ether  with  etherine,  its  for- 

mula  being  (2En-|-H)-i-^.  When  evaporated  with  an  alkali,  or  simply 
boUed  along  with  a  little  water,  it  is  converted  into  olefiant  gas  and  sulpho- 
Tinie  acid. 

In  the  preparation  of  ether,  the  last  portions  of  that  fluid  contain  oil  of 
wine  in  solution.  On  distilling  such  ether  from  lime,  the  oil  of  wine  is 
changed  into  sulpho-vinic  acid,  which  unites  with  the  lime,  and  another 
oil^  matter  is  left^  which  is  lighter  than  water  and  contains  no  sulphuric 
acid.    The  sousce  and  nature  of  this  oil  have  not  been  determined. 

Hydrochloric  Ether.-^Thia  compound  is  generated  by  the  action  of  hydro- 
chloric acid  on  alcohol,  and  may  be  prepared  by  several  processes : — by  dis- 
tilling alcohol  previously  saturated  with  hydrochloric  acid  gas,  or  mixed 
with  an  equal  volume  of  strong  hydrochloric  acid ;  by  heating  a  mixture 
of  5  parts  of  aleohol,  5  of  strong  sulphuric  acid,  and  13  of  fiised  sea-salt  in 
fine  powder ;  or  by  distilling  luoohol  with  the  chlorides  of  tin,  bismuth, 
antimony,  or  arsenic.  The  products  are  transmitted  through  tepid  water, 
by  which  free  alcohol  and  add  are  absorbed,  and  the  pure  hydrochjoric 
ether  is  then  received  in  a  yessd  surrounded  by  ioe  or  a  fivezing  mixture. 

Hydrochloric  ether  is  a  odourless  liquid,  of  a  penctraUng,  somewhat  allia- 
eeous,  ethereal  odour,  and  «  strong  nUher  sweet  taste.    Ito  sp.  gr.  at  AV>  is 
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0.774,  and  it  is  so  volatile  that  it  boils  at  about  54^  It  is  neatral  to  test 
paper.  When  inflamed,  as  it  issues  from  a  small  aperture,  it  burns  with  an 
emerald-grreen  tLnmo  without  smoke,  yielding  abundant  vapours  of  hydro- 
chloric acid.  The  elements  of  this  ether  are  in  such  a  ratio  that  it  may  be 
viewed  either  as  i^  hydrochlorate  of  etherine  or  a  chloride  of  ethule  (page 
556). 

Hydriodic  Ether. — ^This  ether,  analogous  in  composition  to  the  foregoing, 
is  most  conveniently  generated  by  distilling  at  a  gentle  heat  2}  parts  of 
iodide  of  phosphorus  with  1  part  of  alcohol  of  sp.  gr.  0.845.  The  product 
is  washed  with  water,  and  then  distilled  from  chloride  of  calcium.  This 
ether  is  colourless,  and  has  a  strong  ethereal  odour,  has  a  sp.  gr.  of  1.9206 
at  730,  and  boils  at  148^'. 

Hydrobromic  Ether. — This  ether  is  analogous  to  the  preceding,  and  is 
prepared  by  introducing  into  a  retort  40  parts  of  alcohol  of  sp.  gr.  0.84,  and 
1  of  phosphorus,  to  which  is  added  drop  by  drop  7  or  8  parts  of  bromine, 
and  then  distilling.  By  the  reaction  of  the  phosphorus  and  bromine,  phos- 
phorous and  faydrobromic  acids  are  generated ;  and  the  latter  in  the  nascent 
state  unites  with  etherine.  The  product  should  be  washed  with  water,  to 
which  a  little  potassa  is  added,  in  order  to  separate  adhering  acid  and  al- 
cohol. 

Nitrous  Ether. — ^The  three  foregoing  ethereal  fluids  may  be  viewed  as 
compounds  of  a  hydracid  with  etherine ;  but  the  ether  now  to  be  described 
consists  of  an  acid  in  combination  with  sulphuric  ether.  Nitrous  ether  is 
prepared  by  distilling  a  mixture  of  concentrated  nitric  acid  with  an  equal 
weight  of  alcohol ;  but  as  the  reaction  is  apt  to  be  exceedingly  violent,  the 
process  should  be  conducted  with  extreme  care.  The  safest  method  is  to 
add  the  acid  to  the  alcohol  b^  small  quantities  at  a  time,  aUowing  the  mix- 
ture to  cool  after  each  addition  befbre  more  acid  is  added.  The  distilla- 
tion is  then  conducted  at  a  very  gentle  temperature,  and  the  ether  collected 
in  Woulfe*s  apparatus.  During  the  process  there  is  a  ^lisengagement  of 
nitrogen,  protoxide  and  binoxide  of  nitrogen,  and  carbonic  acid  gases,  from 
which  it  is  apparent  that  nitric  acid  is  deoxidized  at  the  expense  of  the  alco- 
hol. According  to  the  researches  of  Dumas  and  Boullay,  its  elements  are 
in  such  proporUon  that  it  may  be  viewed  as  a  compound  of  37.48  parts  or 
one  eq.  of  ether,  and  38.15  or  one  eq.  of  hyponitrotts  acid  ^An.  de  Ch.  et  do 
Ph.  xxxii.  26.). 

The  nitrous  agrees  with  sulphuric  ether  in  its  leading  properties ;  but  it 
is  still  more  volatile.  When  recently  distilled  firom  quicklime  by  a  gentle 
heat,  it  is  quite  neutral ;  but  it  soon  becomes  acid  by  keepin?.  The  pro^ 
ducts  of  its  spontaneous  decomposition  are  alcohol,  nitrous  acid,  and  a  little 
acetic  acid.  A  similar  change  is  instantly  effected  by  mixing  the  ether 
with  water,  or  distilling  it  at  a  high  temperature.  It  is  also  decomposed  by 
potassa,  and,  on  evaporation,  crystals  of  the  nitrite  or  hyponltrite  of  that  al- 
Kali  are  deposited  (Memoires  d*Arcucil,  i.). 

Oxalic  Ether. — This  ether  is  generated  by  the  action  of  oxalic  acid  on 
common  ether  in  its  nascent  state,  and  is  conveniently  prepared  by  distil, 
ling  1  part  of  alcohol,  and  1  of  binoxalate  of  potassa,  with  2  parts  of  sol. 
phuric  acid.  At  first  alcohol  and  then  ether  pass  over,  and  lastly  the  oxalic 
ether  collects  as  an  oily  liquid  at  the  bottom  of  the  recipient.  The  alcohol 
which  collects  is  repeatedly  returned  to  the  retort  and  redistilled.  The  oxalic 
ether  is  quickly  washed  with  water,  and  boiled  along  with  litharge  in  fine 
powder  until  the  boiling  point  of  the  liquid  descend's  to  362^.  Adhering  wa- 
ter and  alcohol  are  thus  dissipated,  and  free  oxalic  acid  combines  with  oxide 
of  lead :  the  oxalic  ether  is  then  decanted  and  distilled.  It  is  apt  to  contain 
a  small  quantity  of  oil  of  wine. 

Oxalic  ether  is  a  colourless  fluid  of  an  oily  aspect,  of  an  aromatic  allia- 
ceous odour,  and  a  sp.  gr.  of  1.0929  at  45^,  It  boils  at  362o.  It  is  neutral 
to  test  paper  when  pure,  is  sparingly  soluble  in  water,  and  dissolves  in  every 
proportion  in  alcohol.  When  kept  for  some  time  it  is  decomposed,  and 
oxalic  aoid  separates  in  crystals ;  and  with  alkalies  it  readily  yields  alcohol 
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uid  oxalic  acid.  Accoidmg  to  the  analysis  of  Damaa  and  Bonllay,  it  is 
oompoflod  of  3&24  parts  or  one  eq.  of  oxalic  acid,  and  37.48  parts  or  one  eq« 
of  ether. 

When  oxalic  ether  is  briskly  agitated  with  an  aqueous  solution  of  pore 
ammonia,  a  white  precipitate  is  formed^  which,  afler  being  washed  succea- 
sivelj  with  water  and  alcohol,  was  found  by  Liebig  to  be  pure  oxamide 
(page  500).  Alcohol  ia  generated  at  the  same  time,  the  interchange  of  ele- 
ments being  such,  that 

1  eq.  oxalic  ether  (En-l-fl)+(2C+30)  2  1  eq.  oxamide  2C+NH-2H-1-20 
and  1  eq.  of  ammonia        3H-|-N.         '>»  and  1  eq-  alcohol      £n-|-2H. 

When  oxalic  ether  is  agitated  with  alcohol  saturated  with  ammonia,  no 
oxamide  is  formed,  and  the  solution  on  evaporation  yields  crystals,  which 
consist  of  one  eq.  of  oxalic  ether  and  one  eq.  of  oxalate  of  ammonia.  This 
compound  may  be  viewed  as  an  ether-oxalate  of  ammonia,  ether.oxalic  acid 
consisting  of  two  eq.  of  oxalic  acid  and  one  eq.  of  ether,  a  constitution  similar 
to  ethero-sulphuric  acid.  This  compound  and  oxamide  are  both  generated 
when  dry  ammoniacal  gas  is  transmitted  over  oxalic  ether. 

Acetic  Ether. — This  compound  may  be  formed  by  distilling  strong  acetic 
acid  with  an  equal  weight  of  alcohol,  but  it  is  more  readily  produced  by  dis- 
tilling  to  dryness  3  parts  of  acetate  of  potassa  and  3  of  alcohol  with  3  parts 
of  sulphuric  acid.  In  each  case  a  considerable  quantity  of  free  acetic  acid 
and  alcohol  arc  commonly  present,  and  hence  the  product  should  be  re- 
peatedly returned  into  the  retort  and  redistiiled.  Fragments  of  cliloride  of 
^  cidcium  are  then  introduced,  which  gradually  combines  with  free  alcohol^ 
forming,  if  in  quantity,  a  dense  stratum,  from  which  the  acetic  ether  may 
be  removed  by  a  syphon.  If  acetic  acid  is  present,  it  should  be  neutralized 
by  potassa,  and  the  acetic  ether  again  distilled. 

Acetic  ether  is  a  colourless  liquid,  of  an  agreeable  but  burning  taste,  and 
a  very  fragrant  odour.  Its  density  is  0.882  at  65°,  and  it  boils  at  165°.  It 
is  soluble  in  7  or  8  times  its  weight  of  water  at  60°,  and  in  all  proportions 
in  alcohol.  It  may  be  preserved  without  change ;  but  if  distilled  with  pure 
potassa  or  lime,  an  acetate  is  formed,  and  alcohol  passes  over.  It  consists  of 
one  eq.  of  acetic  acid  and  one  eq.  of  ether.  Formic  acid,  like  the  acetic, 
forms  an  ether  with  alcohol  wifiwut  the  aid  of  any  other  acid. 

Tartaric,  Citric^  and  Maiic  Ether,  ijfC^-^TheBe  ethereal  fluids  may  be  ob- 
tained by  distilling  their  respective  acids  with  solphuric  acid  and  alcohol, 
,  and  in  composition  are  analogous  to  oxalic  and  acetic  ethers.  Kinic  and 
benzoic  ethers  have  also  been  formed,  and  the  former  is  solid  at  common 
temperatures^ 

Cyanuric  Ether, — Tliis  ether  was  formed  by  Wohler  by  mixing  the  va- 
pours of  anhydrous  cyanuric  acid  and  alcohol,  and  collects  as  a  white  pow- 
der, nearly  insoluble  in  cold  alcohol.  It  is  soluble  by  aid  of  heat  in  a  mix- 
ture of  alcohol  and  ether,  and  crystallizes  in  colourless  prisms  by  evapora- 
tion. When  heated  in  open  vessels,  it  fuses  and  then  passes  off  in  vapour. 
In  addition  to  cyanuric  acid  and  ether,  it  contains  the  elements  of  water ;  so 
that  it  is  not  analogous  to  the  ethers  previously  described. 

Sulph4)cyaRic  Ether* — The  sohstance  so  termed,  Liebi^  discovered  by  dis- 
tilling a  mixture  of  1  part  of  sulphocyanuret  of  potassium,  2  of  sulphuric 
acid,  and  3  of  strong  alcohol.  He  believes  it  to  be  a  compound  of  sulphuret 
of  cyanogen  and  a  carburet  of  hydrogen.  (An.  de  Ch.  et  de  Ph.  xli.  2()2.) 

Chloric  Ether. — ^This  name  is  sometimes  applied  to  the  compound  of 
olefiant  gas  and  chlorine  (page  248),  and  sometimes  to  an  oily  liauid  pre- 
jmred  either  by  distilling  a  mixture  of  sulphuric  acid,  peroxide  of  mang^ 
nese,  sea-salt,  and  alcohol,  or  by  directly  transmitting  chlorine  gas  into  cold 
alcohol  It  is  probable,  from  tlie  mode  of  preparation,  that  the  liquid  ob- 
tained from  chlorine  and  alcohol  is  identical  with  chloral  (page  222)  * 

*  Besides  those  mentioned  in  the  text,  there  is  still  another  variety  of 
chloric  ether,  formed  by  the  reciprocal  action  of  alcohol  and  chloride  of 
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Oxidixed  Ether,~^Thaa  name  has  been  applied  by  Dobereiner  to  a  rab- 
stance  obtained  by  distUling  alcohol  with  salphuric  acid  aod  peroxide  of 
manganese ;  and  a  similar  compound  is  formed  by  placing  alcohol  in  a  dish 
covered  with  an  open  jar,  and  setting  just  over  the  surface  of  the  spirit  some 
moist  spongy  plaiiaum  contained  in  watch-glasses.  The  substance  obtained 
by  the  latter  process  has  been  termed  acetal  by  Liebig  (Pog.  Ann.  xxm. 
605) ;  but  the  nature  and  properties  of  these  products  have  not  yet  been  de- 
termined, nor  is  it  certain  that  they  are  definite  compounds. 

Pyroaeeiic  Spirit, — This  compound  is  generated  by  distilling  the  salts  of 
acetic  acid,  and  is  one  of  the  ingredients  of  wood  tar.  It  was  obtained  by 
Derosne  from  acetate  of  copper,  and  was  called  by  him  pyroacetic  ether. 
Mr.  Cheveniz  formed.it  by  distilling  the  acetates  of  manganese,  zinc,  and 
lead*  It  is  purified  fi^m  acetic  acid  and  empyreumatlc  oil,  which  pass  over 
at  the  same  time,  by  admixture  with  a  solution  of  potassa,  and  redistillation; 
and  it  is  subsequently  rendered  anhydrous  by  distillation  from  dry  carbo- 
nate of  potassa  or  chloride  of  calcium.  It  has  been  examined  by  Macaire 
and  Marcet  (An.  of  Phil.  N.  S.  viii.  69),  and  its  constitution  has  been  deter- 
mined by  Liebig  and  Dumas  (An.  de  Ch.  et  de  Ph.  xlix). 

Pyroacetic  spirit,  when  carefully  purified  from  water,  acid,  and  oil,  is  a 
odourless  limpid  liquid,  highly  volatile  and  inflammable,  of  a  peculiar  pene- 
trating odour  different  from  both  alcohol  and  ether,  and  has  a  density  of 
0.7921  at  64°.  It  boils  at  132°,  and  the  density  of  ita  vapour  is  2.019.  It 
unites  «rith  water,  alcohol,  ether,  and  oil  of  turpentine  in  eve^  proportion. 
It  may  be  exposed  for  months  to  the  air  without  diange,  and  be  distilled 
ihon  the  alkalies  without  decomposition ;  but  it  is  entirely  decomposed  by 
salphuric  acid  without  the  formation  of  ether. 

When  pvroacetic  spirit  is  distilled  from  a  solution  of  chloride  of  lime,  the 
chloride  of  carbon  already  described  is  jgrenerated  (page  220).  By  the  action 
of  chlorine  m  hydrochloric  acid  is  formed,  together  with  a  peculiar  oily 
fluid,  which  has  a  density  of  1.331,  and  of  which  100  parts  contain  52.6  of 
chlorine,  28  of  carbon,  2.8  of  hvdrogen,  and  16.6  of  oxygen.  (Liebig.) 

According  to  the  analysis  or  Liebig,  which  is  confirmed  by  Dumas,  pyro- 
acetic spirit  is  composed  of  three  eq.  of  carbon,  three  eq.  of  hydrogen,  and 
one  eq.  of  oxygen.  These  quantities  are  such  that  one  equivalent  of  acetic 
acid,  4C-|-^H4-30,  exactly  corresponds  to  one  equivalent  of  pyroacetic 
spirit,  3C-f-3H-t-0,  and  one  equivalent  of  carbonic  acid,  C-|-20.  Accord- 
ingly both  Liebig  and  Dumas  have  observed  that  dry  acetate  of  baryta  is 
converted  by  heat  into  pyroacetic  spirit  and  carbonate  of  baryta. 

Pyroxylie  Spirit. — When  wood  is  heated  in  close  vessels,  it  yields  a  large 
quantity  of  impure  acetic  acid  (pyroligneous  acid),  and  charcoal  of  great 

lime.  It  was  discovered  by  Mr.  Samuel  Guthrie,  of  the  state  of  New  York, 
who  prepares  it  by  distilling  a  gallon  from  a  mixture  of  three  pounds  oiT 
chloride  of  lime  and  two  gallons  of  alcohol  of  sp.  gr.  0.844,  and  rectifying 
the  product  by  redistillations,  first  from  a  great  excess  of  chloride  of  lime, 
and  afterwards  from  strong  sulphuric  acid.  About  the  same  time  that 
Guthrie  was  making  his  researches  in  this  country,  the  same  ether  was  dis* 
covered  by  Soubeiran  in  France,  who  obtained  it  from  the  same  materials 
which  had  been  employed  by  Guthrie. 

This  ether,  as  obtained  by  Mr.  Guthrie's  process,  is  an  extremely  volatile 
liquid,  of  a  sweetish,  ethereal  odour,  and  hot,  aromatic,  peculiar  taste.  It 
boils  at  166°,  and  has  the  sp.  gr.  of  1.486.  It  is  not  acted  on  by  the  mineral 
adds,  is  slightly  soluble  in  water,  and  soluble  in  all  proportions  in  aloohd.- 
When  sufficiently  diluted  with  water,  it  forms  an  aromatic  and  saccharine 
liquid,  very  grateful  to  the  taste,  and  acting  as  a  diffusible  stimulus,  appli- 
cable to  several  states  of  disease.  According  to  Soubeiran,  it  consists  of  two 
eq.  of  chlorine  70.84,  and  one  eq.  of  light  carburetted  hydrogen  8.12ss78.96. 
As  this  ether  does  not  contain  chloric  acid^  I  have  elsewhere  proposed  for  it 
the  name  of  cAlornis  eM«r,  as  being  more  appropriate.F— JStf. 
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puriW  wanka  in  the  retort    During  this  prooen  a  peculiar  .^ 

nqoid  is  formed,  which  was  dieoovered  in  1613  by  Mr.  P.  Taylor,«  and  eoon 
anerwards  examined  by  Macaire  and  Maroet,t  who  propoied  for  it  the  name 
ofpyroxylie  tpiriL  This  liquid  is  similar  to  alcohol  in  several  of  its  proper* 
ties,  and  may  be  substitated  for  it  in  spirit-lamps,  and  frequently  as  a  toU 
vent  for  chemical  compounds ;  but  it  differs  essentially  from  alcohol  in  not 
yielding  ether  by  the  action  of  sulphuric  acid.  It  has  a  strong  penetrating 
ethereal  odour,  with  a  flavour  like  the  oil  of  peppermint,  and  a  pungent  pep. 
per-like  taste.  Its  sp.  gr.  at  65^  is  0.804,  and  it  boOs  at  150^.  It  burns 
with  a  blue  flame,  without  residue. 

According  to  Liebig,  pyroxytic  spirit  contains  exactly  one  more  equiva- 
lent of  oxygen  than  etl^er  (page  556) ;  but  Reichenbach  has  raised  a  doubt 
about  the  existence  of  pyroxylic  spirit  as  a  definite  compound,  maintaining 
it  to  be  a  mixture  of  alcohol  and  pyroacetic  spirit 


SECTION  VI. 

COLOURING  MATTERS. 

Infinitk  diversity  exists  in  the  colour  of  vegetable  substances ;  but  the 
prevailing  tints  are  red,  yeUow,  blue,  and  green,  or  mixtures  of  these  co- 
lours. Colouring  matter  rarely  or  never  occurs  in  an  insulated  state,  but  is 
always  attached  to  some  other  proximate  principle,  such  as  mucilaginous, 
extractive,  farinaceous,  or  resinous  substances,  by  which  some  of  its  proper- 
ties, and  particularly  that  of  solubility,  is  greatly  influenced.  Nearly  all 
kinds  of  vegetable  colouring  matter  are  decomposed  by  the  combined 
agency  of  the  8un*s  rays  and  a  moist  atmosphere;  and  tbey  are  all,  without 
exception,  destroyed  by  chlorine  (page  21 1).  Heat,  likewise,  has  a  similar 
eflbct,  even  without  being  very  intense ;  for  a  temperature  between  300°  or 
400°,  aided  by  moist  air,  destroys  the  colouring  ingredient  Acids  and  alka- 
lies commonly  change  the  tint  of  vegetable  colours,  entering  into  combina- 
tion with  them,  so  as  to  form  new  compounds. 

Several  of  the  metallic  oxides,  and  especially  alumina  and  the  oxides  of 
iron  and  tin,  form  with  colouring  matter  insoluble  compounds,  to  which  the 
name  of  lakes  is  applied.  Lakes  are  commonly  obtained  by  mixing  alum  or 
pure  chloride  of  tm  with  a  coloured  solution,  and  then  by  means  of  an  al- 
Lali  precipitating  the  oxide,  which  unites  with  the  colour  at  the  moment  of 
separation.  On  this  property  are  founded  manj^  of  the  processes  in  dyeing 
and  calico-printing.  The  art  of  the  dyer  consists  in  giving  a  uniform  and 
permanent  colour  to  doth.  This  is  sometimes  effected  merely  by  immers- 
mg  the  doth  in  the  coloured  solution ;  whereas  in  other  instances  the  affinity 
between  the  colour  and  the  fibre  of  the  cloth  is  so  slight,  that  it  only  re- 
ceives a  stain  wtdch  is  removed  by  washing  with  water.  In  this  case  some 
third  substance  is  requisite,  which  has  an  aflinity  both  for  the  cloth  and  co- 
louring matter,  and  which,  by  combining  at  the  same  time  with  each,  may 
cause  the  dye  to  be  permanent  A  substance  of  this  kind  was  formerly 
called  a  mordant ;  but  the  term  ftosts,  introduced  by  the  late  Mr.  Henry  of 
Manchester,  is  now  more  generally  employed.  The  most  important  bases, 
and  indeed  the  only  ones  in  common  use,  are  alumina,  oxide  of  iron,  and 
oxide  of  .tin.  The  two  former  are  exhibited  in  combination  either  with  the 
sulphuric  or  acetic  acid,  and  the  latter  most  commonly  as  the  chloride. 

•  Quarterly  Journal,  xiv.  436,  t  An.  of  Phill  N.  S.  viiL  69. 


564  COLOORINO  MATTBbS. 

Those  oolonring  subttanoes  that  adhere  to  the  cloth  without  ahoeie  are  eaOed 
SubtUfUive  colours,  and  those  which  require  a  basis,  eidjeetive  colours. 

Various  as  are  the  tints  observable  in  dyed  stufik,  they  may  all  be  produced 
by  the  four  simple  ones,  blue,  red,  yellow,  and  black ;  and  hence  it  will  be 
convenient  to  treat  of  colouring  matters  in  that  order. 

Blue  Dyes. — ^Indi^  is  chiefly  obtained  from  an  American  and  Asiatic 
plaiit,  the  Indigoferay  several  species  of  which  are  cultivated  for  the  purpose. 
It  is  likewise  extracted  from  the  Nerium  tinetorium;  and  an  inferior  sort  is 
prepared  from  the  Isatis  tinctoria  or  woad^  a  native  of  Europe.  Two  differ- 
ent methods  are  employed  for  its  extraction.  In  one,  the  recent  plant,  cut 
a  short  time  before  its  flowering,  is  placed  in  bundles  in  a  steeping  vat, 
where  it  is  kept  down  with  cross  bars  of  wood,  and  covered  to  the  depth  of 
an  inch  or  two  with  water.  In  a  short  time  fermentation  sets  in,  carbonic 
acid  gas  is  freely  disengaged,  and  a  yellow  solution  is  formed.  In  the 
course  of  ten  or  twelve  hours,  when  its  surface  begins  to  look  green  from 
the  mixture  of  blue  indigo  with  the  yellow  solution,  it  is  drawn  off  into  the 
beating  vat,  where  it  is  agitated  with  paddles,  until  all  the  colouring  matter 
is  oxidized  by  absorbing  oxy^n  from  the  atmosphere,  and  is  deposited  in 
the  form  of  blue  insoluble  indigo.  The  other  method  consists  in  drying  the 
leaves  like  hay,  removing  the  leaf  from  its  stalk  by  threshing,  and  grinding 
the  former  into  powder,  in  which  state  it  is  preserved  for  use.  The  dye  is 
then  extracted  either  by  maceration  in  water  at  the  temperature  of  the  air, 
and  fermentation;  or  by  digestion  in  water  at  \^P  or  180°,  without  being 
fermented.  In  either  case  it  is  beaten  with  paddles  as  before.  (Ure  in 
Journ.  of  Science,  N.  S.  vi.  259.)  The  process  of  fermentation,  by  some 
thought  essential,  may  be  dispensed  with.  According  to  Mr.  Weston,  how- 
ever,  the  dye,  as  contained  in  the  plant,  is  insoluble  in  cold  water;- but  by 
exposure  to  the  air  it  undergoes  a  change,  in  which  oxygen  acts  a  part,  and 
by  which  it  is  rendered  soluble  in  water.  (Journ  of  Science,  N.  S.  v.  296.) 

The  indigo  of  commerce,  which  occurs  in  cakes  of  a  deep  blue  colour 
and  earthy  aspect,  is  a  mixed  substance,  containing,  in  addition  to  salts  of 
ma^esia  and  lime,  the  four  following  ingredients: — 1.  a  glutinous  matter; 
2.  mdigo-brown;  3.  indigo-red;  4  mdigo-blue.  (Berzelius  in  Lehrbuch, 
iii.  679.) 

1.  The  gluten  is  obtained  by  digesting  finely  pulverized  indigo  in  dilute 
sulphuric  acid,  neutralizing  with  chalk-,  and  evaporating  the  filtered  solution 
to  dryness.  The  gluten  is  then  taken  up  by  alcohol,  and  on  evaporation  is 
left  with  the  appearance  of  a  yellow  or  yellowish-brown,  transparent, 
shining  varnish.  Its  odour  is  similar  to  that  of  broth,  and  it  contains  nitro- 
gen as  one  of  its  elements.  It  differs,  however,  from  common  gluten  in  its 
free  solubility  both  in  alcohol  and  water. 

2.  Ifidigoirown  has  not  been  obtained  in  a  perfectly  pure  state,  owing  to 
its  tendency  to  unite  both  with  acids  and  alkalies.  With  the  former  it 
yields  in  general  sparingly  soluble,  and  with  the  latter  very  soluble  com- 
pounds, which  have  a  deep  brown  colour.  From  indigo,  freed  from  gluten 
by  dilute  acid,  it  is  separated  by  a  strong  solution  of  potassa  aided  by  gentle 
heat ;  and  afler  dilution  with  water,  without  which  it  passes  with  difficulty 
through  paper,  the  liquid  is  filtered.  The  solution  has  a  peen  tint,  owing 
to  some  indigo-blue  being  dissolved,  and  with  sulphuric  acid  yields  a  bulky 
semi-gelatinous  precipitate  of  a  blackish  colour.  By  dissolvinsr  it  in  solution 
of  carbonate  of  ammonia,  evaporating  to  dryness,  and  removing  the  soluble 
parts  by  a  small  quantity  of  water,  Uie  brown  matter  is  freed  firom  indigo- 
Uue  and  sulphuric  acid.  It  still,  however,  contains  ammonia,  and  though 
this  alkali  may  be  expelled  b^  means  of  hydrated  lime  or  barprta,  the  indigo- 
brown  is  still  impure,  since  it  retains  some  lime  or  baryta  m  combination. 
Like  indigo-gluten  it  contains  a  considerable  quantity  of  nitrogen  as  one  of 
its  elements.  The  indigo-green  of  Chevreul  is  probably  a  mixture  of  this 
substance  with  indigo-blue. 

3.  Indicted  is  obtained  by  boiling  indigo,  previously  purified  by  potassa, 
in  soocessive  portions  of  strong  alcohol  as  long  as  a  red  solution  is  obtained. 
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The  alcohoKc  Bolations  are  then  concentrtted  hy  eTaporstion,  daring  which 
the  indigo-red  is  deposited  as  a  blackish-brown  powder.  The  concentrated 
solution,  of  a  deep  red  colour,  jields  by  evaporation  a  compound  of  indigo- 
red  and  indigo-brown  with  alkali,  which  is  soluble  in  water. 

Indigo-red  is  insoluble  in  water  and  alkalies ;  but  it  is  soluble,  though 
sparingly,  in  hot  alcohol,  and  rather  more  freely  in  ether.  It  dissolves  in 
rtrong  sulphuric  acid,  and  forms  a  dark  yellow  liquid;  and  with  nitric  acid 
it  yields  a  beautiful  purple  solution,  which  speedily  becomes  yellow  by  de- 
composition.  When  heated  in  vacuo,  it  yields  a  gray  crystalline  sublimate, 
which,  when  poriiied  by  a  second  sublimation,  is  obtained  in  minute  trans- 
parent  needles,  shining  \md  white.  Tbis  substance,  in  its  relation  to  re- 
agents, resembles  indigo-red;  and  especially  by  yielding  with  nitric  acid  a 
similar  purple-red  solution,  which  subsequently  becomes  yellow. 

4.  Indigo-bbte^-^ThiH  term  is  applied  to  the  real  colouring  matter  of  in- 
digo, which  is  lefl,  though  not  quite  pure,  after  acting  on  common  indigo 
with  dilute  acid,  potaasa,  and  alcohol.*  It  is  conveniently  prepared  from  the 
gfreenish-yellow  solution,  which  dyers  make  by  mixing  indigo  with  green 
vitriol,  hydrate  of  lime,  and  water;  when  the  indigo  is  deoxidized  by  the 
protoxide  of  iron,  and  yields  a  soluble  compound  with  lime.  On  pouring 
this  solution  into  an  excess  of  hydrochloric  acid,  while  freely  exposed  to 
the  air,  oxygen  gas  is  absorbed,  and  the  indigo  is  obtained  in  the  form  of  a 
blue  powder.  It  may  also  be  procured  in  a  state  of  great  purity  by  subli- 
mation ;  but  this  process  is  one  of  delicacy,  from  th6  circumstance  that  the 
subliming  and  decomposing  points  of  indigo  arc  very  near  each  other ;  and 
minute  directions  have  been  given  by  Mr.  Crum  for  conducting  it  with  suc- 
cess. (An.  of  Phil.  N.  S.  v.)  To  be  sure  of  obtaining  it  quite  pure  by 
either  process,  the  indigo  should  first  be  purified  by  the  action  of  dilute  acid, 
potassa,  and  alcohol. 

Pure  indigo  sublimes  at  550°,  forming  a  violet  vapour  with  a  tint  of  red, 
and  condensing  into  long  flat  acicular  crystals,  which  appear  red  by  reflect- 
ed, and  blue  by  transmitted  light  It  has  neither  taste  nor  odour,  and  it  is 
insoluble  in  water,  alkalies,  and  ether.  Boiling  alcohol  takes  up  a  trace  of 
it,  and  acquires  a  blue  tint;  but  it  is  generally  deposited  again  on  standing. 
Nitric  acid  produces  a  change  which  has  already  been  described  (page  522). 
Concentrated  sulphuric  acid,  especially  Ihat  of  Nordhauscn,  dissolves  it 
readily,  fbrmin?  an  intensely  deep  blue  solution,  commonly  termed  sulphate 
of  indigo,  which  is  employed  by  dyers  for  giving  the  Saxon  blue.  The  in- 
digo during  solution  undergoes  a  change,  and  in  this  modified  state  it  has 
received  the  name  ofcerulin  from  Mr.  Crum,  who  regards  it  as  a  compound 
of  one  equivalent  of  indigo  and  four  of  water.  According  to  fierzelius  the 
solution  is  of  a  more  complicated  nature,  and  contains  the  three  following 
substances:  1.  indigo-purple f  2.  sulphate  of  indigo;  3.  hyposulphato  of 
indigo. 

Indigo^purple  is  chiefly  formed  when  indigo  is  dissolved  in  English  oil  of 
vitriol,  and  subsides  when  the  solution  is  diluted  with  from  30  to  50  times 
its  weight  of  water.  It  was  first  described  under  the  name  of  pheneciny 
from  <fohi^i  purple,  by  Mr.  Crum,  who  considers  it  a  hydrate  of  indigo 
with  two  equivalents  of  water.  Into  the  dilute  solution,  after  phenecin  is 
separated,  Berzelius  inserts  fragments  of  carefully  washed  flannel,  until  all 
the  cok>ur  is  withdrawn  from  Uie  liquid.  The  dyed  flannel,  afler  the  ad- 
hering acid  is  entirely  removed,  is  digested  in  water,  with  a  little  carbonate 
of  ammonia,  by  which  means  a  blue  solution  is  obtained,  consisting  of 
ammonia  in  combination  with  sulphate  and  hyposulphato  of  indigo.  The 
sokitioD  is  evaporated  to  dryness  at  140°,  and  to  the  residue  is  added  alcohol 
of  0.833,  which  dissolves  only  the  hypoeulphate. 

The  odmpounds  of  indigo  with  sulphorio  and  hyposntphuric  acid  are 
considered  by  Berzelius,  not  as  salts  in  which  indigo  acts  as  a  bas&,  but  as 
distinct  aoids  of  which  indigo  is  an  essential  ingredient.  Ind^o-ttdphnie 
add,  as  ralphste  of  indigo  nnay,  therefore,  be  oafied,  is  prepared  by  mixing 
indigo-sulphate  of  ammonia  with  acetate  of  oxide  of  lead,  when  indigo- 
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sulphate  of  that  oxide  subeidei.  This  salt  is  suspended  in  water,  and  de- 
composed by  hydrosulphuric  acid :  the  sulpburet  of  load  is  collected  on  a 
filter ;  and  the  filtered  solution,  at  first  colourless  or  nearly  so,  owin^  to  de- 
oxidation  of  indijro  by  hvdrosulphuric  acid,  but  which  soon  becomes  blue 
by  the  action  of  the  air,  is  evaporated  at  a  temperature  not  exceeding  lUQP 
F.  The  acid  is  lefl  ss  a  dark  blue  solid,  of  a  sour  astringent  taste,  soluble 
in  water  and  alcohol,  and  capable  of  forming  a  distinct  group  of  salts  with 
alkalies.    IndigohypoeuljJiurie  acid  may  be  prepared  by  a  similar  process. 

One  of  the  most  remarkable  characters  of  indigo-blue  is  its  susceptiluUty 
of  being  deoxidized,  and  thus  returning  to  the  state  in  whieh  it  appears  to 
exist  in  the  phmt,  and  of  again  recovering  its  blue  tint  by  subsequent  oxi- 
dation. The  change  is  efiected  by  various  deoxidizing  agents,  such  as  hy- 
drosulphuric acid,  hydrosuiphate  of  ammonia,  hydrated  protoxide  of  iron,  or 
solution  of  orpiment  in  potossa.  In  the  deoxidized  state  it  readily  unites 
with  alkaline  substances,  such  as  potassa  or  lime,  and  forms  compounds 
which  are  very  soluble  in  woter.  The  method  by  which  dyers  prepare  their 
blue  vat  is  founded  on  these  properties.  A  portion  of  indigo  is  put  into  a 
tub  with  about  throe  times  its  weight  of  green  vitriol  and  an  equal  quantity 
of  slaked  liuie,  and  water  is  added.  The  protoxide  of  iron,  precipitated  by 
lime,  gradually  deoxidizes  the  indigo,  and  iu  the  course  of  a  day  or  two  a 
yellow  solution  is  obtained.  When  cotton  cloth  is  moistened  with  this 
liquid  and  exposed  to  the  air,  it  speedily  becomes  green  from  the  mixture  of 
colours,  and  then  blue;  and  as  the  blue  indigo  is  insoluble,  and  unites 
chemical] V  with  the  fibre  of  the  cloth,  the  dye  is  permanent. 

Deoxidized  indigo  has  been  obtained  in  a  separate  state  by  Liebig.  A 
mixture  is  made  with  1.5  parts  of  indigo,  2  of  green  vitriol,  2.5  of  hydrate 
of  lime,  and  50  or  60  of  water;  and  after  an  interval  of  24  hours  the  yellow 
solution  is  carefully  drawn  off  by  a  syphon,  and  mixed  with  dilute  hydro- 
chloric acid.  A  lliick  while  precipitate  falls,  which  remains  without  change 
if  carefully  excluded  from  oxygep,  and  may  even  bo  exposed  to  the  air  when 
quite  dry ;  but  it  rapidly  becomes  blue  by  exposure  to  the  atmosphere  while 
moist,  or  by  being  covered  with  aerated  water.  To  this  substance  Liebig 
has  applied  the  name  of  indigogen;  and  he  has  ascertained  that,  in  passing 
into  blue  indigo,  it  absorbs  1L5  ner  cent,  of  oxygen.  The  necessity  for 
perfectly  excluding  every  source  of^  oxvgen  renders  the  preparation  of  indi- 
gogen difficult  AH  the  vessels  empfoyed  in  the  process  should  be  filled 
with  hj^drogcn  gas,  the  water  be  freed  from  air  by  boiling,  and  as  a  further 
protection  a  little  sulphate  of  ammcnia  is  added  both  to  Sie  acid  by  which 
the  precipitate  is  made,  and  to  U}e  water  with  which  it  is  washed. 

The  composition  of  indigogen  and  indigo-blue  will  be  found  at  page  522. 

Red  Dye: — The  chief  sulMtances  which  are  employed  for  the  red  dye 
are  cochineal,  lac,  archil,  madder,  Brazil  wood,  logwood,  and  safflowcr,  all 
of  which  arc  adjective  colours.  The  cochineal  is  obtained  from  an  insect 
wliich  feeds  upon  the  leaves  of  several  species  of  the  Cactus,  and  which  is 
supposed  to  derive  this  colouring  matter  from  its  food.  It  is  very  soluble  in 
water,  and  is  fixed  on  cloth  by  means  of  alumina  or  oxide  of  tin.  Its  natu- 
ral colour  is  crimson;  bat  when  bitartrate  of  potassa  is  added  to  the  solu- 
tion, it  yields  a  rich  scarlet  dye.  The  beautiful  pigment  called  carmine  is 
a  lake  made  of  cochineal  and  alumina,  or  oxide  of  tin. 

The  dye  called  archU  is  obtained  firom  a  peculiar  kind  of  lichen,  {Licken 
roceeUa,)  which  grows  chiefly  in  the  Canary  Islands,  and  is  employed  by 
the  Dutch  in  forming  the  blue  pigment  called  litmue  or  tumeol.  The  co- 
louring ingredient  of  litmus  is  a  compound  of  the  red  colouring  matter  of 
the  lichen  and  an  alkali ;  and  hence,  on  the  addition  of  an  acid,  the  colour- 
ing matter  is  set  free,  and  the  red  tint  of  the  plant  is  restored.  Litmus  is 
not  only  used  as  a  dye,  but  is  empk>yed  by  chemists  for  detecting  the  pre- 
sence of  a  free  acid. 

The  colouring  principle  of  logwood  has  been  procured  in  a  separate  state 
by  Chevreul,  who  has  applied  to  it  the  EftOM  of  Aemotin.  (An.  de  Ch.  Ixxzi.) 
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It  ia  obtained  in  crystals  by  diefestin^  tlie  aqueous  extract  of  logwood  in 
alcohol,  and  allowing  the  alcohohc  solution  to  evaporate  spontaneously. 

Safflower  is  the  dried  flowers  of  the  Carthamus  iinctoriust  which  is  culti- 
vated in  Eg^pt,  Spain,  and  in  some  parts  of  the  Levant  The '  pigment 
called  rouge  is  prepared  from  this  dye. 

Madder,  extensively  employed  in  dyeing  the  Tlirkey  red,  is  the  root  of 
the  Ruhia  iinetarum.  A  red  substance,  supposed  to  be  the  chief  colouring 
principle  of  the  plant,  has  been  obtained  in  an  insulated  state  by  Robiquet 
and  Colin,  who  have  termed  it  alizarine,  from  Ali-zari,  the  commercial 
name  by  which  madder  is  known  in  the  Levant.  Their  process  has  received 
the  following  modification  by  Zenneck.  Ten  parts  of  madder  arc  digested 
in  four  of  eUier,  the  solution  is  evaporated  to  the  consistence  of  sjrup,  and 
then  allowed  to  become  dry  by  spontaneous  evaporation.  The  residue  is 
pulverized,  and  sublimed  by  a  gentle  heat  from  a  watch  glass.  The  sub- 
limate, which  is  collected  by  covering  the  watch  glass  with  a  cone  of  paper, 
is  'deposited  in  the  form  of  yellowish.red,  brilliant,  diaphanous,  acicular 
crystals,  which  are  sof^,  flexible,  and  heavier  than  water.  They  soften 
when  heated,  and  sublime  at  a  temperature  between  500  and  600^,  causing 
an  aromatic  odour.  They  are  nearly  insoluble  in  cold  and  very  sparingly 
soluble  in  hot  water.  They  require  for  solution  21 0  times  their  weight  of 
alcohol,  and  160  of  ether  at  60^.  According  to  Zenneck  the  acidity  of 
alizarine  is  very  decisive,  both  in  its  sour  taste,  and  its  power  of  neutralizing 
alkalies.  It  consists,  in  100  parts,  of  18  of  carbon,  20  of  hydrogen,  and  S 
of  oxygen.   (Journal  of  Science,  N.  S.  v.  IQS.'i 

YelGw  Dyes, — The  chief  yellow  dyes  are  quercitron  bark,  turmeric,  wild 
American  hiccory,  fustic,  and  saffron;  all  of  which  are  adjective  colours. 
Quercitron  bark,  which  is  one  of  the  most  important  of  the  yellow  dyes, 
was  introduced  into  notice  by  Dr.  Bancroft.  With  a  basis  of  alumina,  the 
decoction  of  this  bark  gives  a  bright  yellow  dye.  With  oxide  of  tin  it  com- 
munidates  a  variety  of  tints,  which  may  be  made  to  vary  from  a  pale  lemon 
colour  to  deep  orange.    With  oxide  of  iron  it  gives  a  drab  colour. 

Turmeric  is  the  root  of  the  Curcuma  hnga,  a  native  of  the  East  Indies. 
Paper  stained  with  a  decoction  of  this  substance  constitutes  the  turmeric  or 
eurcumu  paper  employed  by  chemists  as  a  test  of  free  alkali,  by  the  action 
of  which  it  receives  a  brown  stain. 

The  colouring  ingredient  of  saffron  (Crocua  aativus)  is  soluble  in  water 
and  alcohol,  has  a  bright  yellow  colour,  is  rendered  blue  and  then  lilac  by- 
sulphuric  acid,  and  receives  a  green  tint  on  the  addition  of  nitric  acid. 
From  the  great  diversity  of  colours  which  it  is  capable  of  assuming  under 
different  circumstances.  Bouillon  Lagrange  and  Vogel  have  proposed  for  it 
the  Twme  polyehroiie.  (An.  de  Ch.  Ixxx.) 

Black  Dyea. — The  black  dye  is  made  of  the  same  ingredients  as  writing 
ink,  and,  therefore,  consists  essentially  of  a  compound  of  oxide  of  iron  with 
gallic  acid  and  tannin.  From  the  addition  of  logwood  and  acetate  of  copper, 
the  black  receives  a  shade  of  blue. 

By  the  dexterous  combination  of  the  four  leading  colours,  blue,  red,  yel- 
low, and  black,  all  other  shades  of  colour  may  be  procured.  Thus  green  is 
communicated  by  forming  a  blue  ground  with  indigo,  and  then  adding  a 
yellow  by  means  of  quercitron  bark. 

The  reader  who  is  desirous  of  studying  the  details  of  dyeing  and  calico- 
printing,  a  subject  which  does  not  fall  within  the  plan  of  this  work,  may 
consult  BcrtholIet*s  Elemens  de  VArl  de  la  TeirUure ;  the  treatise  of  Dr. 
Bancroft  on  Permanent  Colours;  a  paper  by  Mr.  Henry  in  the  third  volume 
of  the  Manchester  Memoirs ;  and  the  Essay  of  Thenard  and  Roard  in  tlio 
74th  volume  of  tbeilsna/M  de  Chimie, 
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SECTION  VII. 

SUBSTANCES  WHICH,  SO  FAR  AS  IS  KNOWN.  DO  NOT  BELONG 
TO  EITHER  OF  THE  PRECEDING  SECTIONS. 

Vegetable  Albumen, — ^Under  this  namo  is  distinguished  a  yeffetable  prin- 
ciplo  which  has  a  close  resemblance  to  animal  albumen,  espeGialTj  in  the  cha- 
racteristic property  of  being  coagulable  by  heat  This  substance  was  foand  by 
Vogel  in  the  bitter  almond,  and  in  the  sweet  ahnond  by  Boullay ;  it  appears  to 
be  an  ingredient  of  emulsive  seeds  generaUy  ;  and  it  exists  in  the  sap  of  many 
plants.  Einhof  detected  it  in  wheat,  rye,  barley,  peas,  and  beans.  Vegeta- 
ble albumen  is  soluble  in  cold  water,  but  by  a  boiling  temperature  it  is  eo- 
ae ulatcd,  and  thus  completely  deprived  of  its  solubility.  It  is  insoluble  in 
alcohol,  and  very  sparingly  soluble  in  acids.  Alkalies  dissolve  it  readily, 
and  it  may  be  precipitated  from  them  by  acids ;  but  the  albumen  falls  in 
combination  with  a  portion  of  the  acid.  Ferrocyanate  of  potassa  and  corro- 
sive sublimate  act  upon  it  as  on  solutions  of  animal  albumen. 

Vegetable  albumen  contains  nitrogen  as  one  of  its  elements,  and  is  very 
prone,  when  kept  in  the  moist  state,  to  undergo  the  putrefactive  fermenta- 
tioB,  emitting  an  offensive  odour,  with  disengagement  of  ammonia  and  for- 
mation of  acetate  of  ammonia.  During  a  certain  period  of  putre&ction  it 
has  the  odour  of  old  cheese.  (Berzelius.) 

Gluten. — In  tlie  separation  of  starch  from  wheat  flour,  as  already  de< 
scribed  (page  536),  a  gray  viscid  substance  remains,  fibrous  in  its  texture, 
and  elastic.  Beccaria,  who  first  carefully  examined  its  properties,  was 
struck  with  its  analogy  to  glue,  both  in  its  viscidity  as  well  as  its  tendency 
to  putrefy  like  animal  matter,  and  gave  it  the  namo  of  vegetable  gluUnn 
Einhof  has  since  shown  that  this  gluten  is  a  mixed  substance,  containing 
gluten  and  vegetable  albumen. 

Pure  gluten  is  obtained  by  washing  dough  in  water  until  the  starch  and 
soluble  parts  are  removed,  and  treating  the  residue  with  boiling  aloohol.  On 
mixing  the  alcoholic  solution  with  water,  and  distilling  off  the  spirit,  the 
gluten  is  deposited  in  large  coherent  flakes.  As  thus  obtained  it  has  a  pale 
yellow  colour,  and  a  peculiar  odour,  but  no  taste,  adheres  tenaciously  to  the 
fingers  when  handled,  and  has  considerable  elasticity.  It  is  insoluble  in 
water  and  ether,  but  dissolves  readily  in  hot  alcohol,  apparently  without  any 
change  of  property  ;  but  if  the  alcoholic  solution  is  evaporated  to  dryness, 
the  gluten  is  lefl  as  a  transparent  varnish.  It  swells  up  and  softens  with 
acetic  acid,  forming  a  compound  which  is  soluble  in  water.  It  unites  also 
with  the  mineral  acids ;  and  these  compounds,  excepting  that  with  sulphuric 
acid,  dissolve  readily  in  pure  water,  but  are  insoluble  when  there  is  an  ex- 
ceaa  of  acid.  It  is  dissolved  by  a  dilute  solution  of  potassa,  apparentiy  with- 
out being  decomposed ;  for  the  gluten,  after  being  thrown  down  by  the  min- 
eral acids,  retains  its  viscidity.  lii  this  state,  however,  it  is  combined  with 
some  of  the  acid.  (Berzelius.) 

When  gluten  is  kept  in  a  warm  moist  situation  it  ferments,  and  an  acid 
is  fi>rmed ;  but  in  a  rew  days  putrefaction  ensues,  and  an  offensive  odour, 
like  that  of  putrefying  animal  matter,  is  emitted.  According  to  Proust,  who 
made  these  spontaneous  chants  a  particular  object  of  study,  the  process  is 
divisible  into  two  distinct  periods.  In  the  first,  carbonic  acid  and  hydrogen 
gases  are  evolved ;  and  in  the  second,  besides  acetic  and  phosphoric  acida 
and  ammonia,  two  new  compounds  are  generated,  for  which  he  proposed  the 
names  of  caseic  acid  and  eoMeous  oxide:  These  are  the  same  principles  which 
are  generated  during  the  fermentation  of  the  curd  of  milk,  and  their  real 
nature  will  be  considered  in  the  section  on  milk.  It  is  apparent  from  these 
circumstances  that  gluten  contains  nitrogen  as  one  of  its  elementSi  and  that 
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it  approaches  closely  to  the  nsture  of  animal  substances.  It  has  hence  been  - 
called  a  vegeto>animal  principle. 

If  gluten  is  dried  by  a  ^ntle  heat,  it  oontraots  in  volume,  becomes  hard 
and  brittle,  and  may  in  this  state  be  preserved  without  change.  Exposed  to 
a  stronff  heat,  it  yields,  in  addition  to  the  usual  inflammable  gases,  a  thi<^ 
fetid  oi^  and  carlKmate  of  ammonia. 

Gluten  is  present  in  most  kinds  of  grain,  such  as  wheat,  barley,  rye,  oats, 
peas,  and  beans ;  but  the  first  contains  it  in  by  &r  the  largest  proportion. 
This  is  tlie  reason  thai  wheaten  bread  is  more  nutritious  than  that  made 
with  other  kinds  of  flour ;  for  of  all  vegetable  substances  gluten  appears  to 
be  the  most  nutritive.  It  is  to  the  presence  of  gluten  that  wheat  flour  owes 
its  property  of  forming  a  tenacious  paste  with  water.  To  the  same  cause  is 
owing  the  formation  of  light  spongy  bread ;  the  carbonic  acid  which  is  dis- 
engaged during  the  fermentation  of  dough,  being  detained  by  the  viscid  glu- 
ten, distends  the  whole  mass,  and  thus  produces  the  rising  of  the  dou|^h. 
From  the  eiperiments  of  Davy,  it  appears  that  good  wheat  flour  contams 
from  19  to  24  per  cent  of  gluten.  The  wheat  grown  in  the  south  of  Europe 
is  richer  in  gluten  than  that  of  colder  climates. 

M.  Taddei,  an  Italian  chemist,  has  given  an  account  of  two  principles  se- 
partible  from  the  gluten  of  Bcccaria  by  means  of  boiling  alcohol.  To  the 
substance  soluble  m  alcohol  he  has  applied  the  name  of  gliadine,  yhta,  glu- 
ten; and  to  the  other  that  of  zymome,  from  ^v/uitj  a  ferment  (An.  of  Phit 
XV.)  For  the  latter  he  has  discovered  a  delicate  test  in  the  powder  of  guaia- 
cum,  which  when  rubbed  in  a  mortar  with  moist  zymome,  instantly  strikes 
a  beautiful  blue  colour :  and  the  same  tint  appears,  though  less  rapidly, 
when  it  is  kneaded  with  gluten  or  dough  made  with  good  wheat  flour.  But 
with  bad  floor,  the  gluten  of  which  has  suffered  spontaneous  decomposition, 
the  blue  tint  is  scarcely  visible ;  and  accordingly  M.  Taddei  conceives  that 
useful  inferences  as  to  the  quality  of  flour  may  be  drawn  from  the  action  of 
guaiacum. 

These  views  have  been  criticised  by  Berzelius,  who  declares  that  the  sub- 
stances described  by  Taddei  are  nothing  else  than  the  gluten  and  vegetable 
albumen  already  described ;  and  the  habitual  accuracy  of  Berzelius  leaves 
little  chance  of  error  in  his  statement.  The  blue  tint,  above  alluded  to,  must 
have  arisen  from  the  action  of  guaiacum  eitiier  on  vegetable  albumen  itself, 
or  on  some  substance  by  which  it  is  accompanied  in  wheat  (An.  of  Phil.  iv. 
69,  or  Lehrbuch,  in.  36^.) 

Yetut, — This  substance  is  always  generated  during  the  vinous  fermenta- 
tion of  vegetable  juices  and  decoctions,  rising  to  the  surface  in  the  form  of  a 
frothy,  flocculent,  somewhat  viscid  matter,  the  nature  and  composition  of 
which  are  unknown.  It  is  insoluble  in  water  and  alcohol,  and  in  a  warm, 
moist  atmosphere  gradually  putrefies,  a  suflicient  proof  that  nitrogen  is  one 
of  its  elements.  Submitted  to  a  moderate  heat,  it  becomes  dry  and  hard,  and 
may  in  this  state  be  preserved  without  change.  Heated  to  redness  in  close 
vessels,  it  yields  products  similar  to  those  procured  under  the  same  circum- 
stances from  gluten.  To  this  substance,  indeed,  yeast  is  supposed  by  some 
chemists  to  be  very  closely  allied. 

The  most  remarkable  property  of  yeast  is  that  of  exciting  fermentation. 
By  exposure  for  a  few  minutes  to  the  heat  of  boiling  water,  it  loses  this  pro- 
perty, but  ailcr  some  tfme  again  acquires  it  Nothing  conclusive  is  known 
concerning  either  the  nature  of  these  changes,  or  the  mode  in  which  yeast 
operates  in  establishing  the  fermentative  process. 

^s^ragtn.-— This  principle  was  discovered  by  Vauquelin  and  Robiquet  in 
the  juice  of  the  asparagus,  from  which  it  is  deposited  in  crystals  by  evapo- 
ration. It  is  also  contained  in  the  root  of  the  marsh-mallow  and  liquorice. 
Robiquet,  who  first  procured  it  from  the  juice  of  the  recent  liquorice  root, 
doubted  its  identity  with  asparagin,  and  gave  it  the  name  of  agedcite ;  but 
the  mistake  has  been  corrected  by  M.  Plisson. 

Asparagin  crystallizes  in  the  form  of  a  rectangular  octohedron,  six-sided 
prism,  or  right  rhombic  prism,  is  inodorous,  and  has  a  cool  slightly  nauseous 
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UBie.  In  ether  and  pore  alcohol  it  ii  Insoluble,  and  requiree  for  Mlutioii  58 
parts  of  cold  water,  but  is  more  freely  dissolved  by  the  aid  of  heat  It  has 
neither  an  acid  nor  alkaline  reaction  with  test-paper.  Plisson  has  noticed  that 
when  boiled  for  some  time  with  hydrated  oxide  of  lead  or  mafneeia,  it  is  re- 
served into  ammonia,  and  a  new  acid,  called  the  oMpartie,  The  possibility 
of  such  a  change  is  intelligible  from  the  late  analysis  of  asparaginand  aapar- 
tic  acid  by  Liebig,  as  subjoined : — (An.  de  Cb.  et  do  Ph.  lui.  416.) 

Anhydrous  Asparagtn.  Anhydrous  Aspartic  Acid. 
Carbon        36.74        48.96        8C  42.16        48.96        8C 

Hydrogen     5.94  8  8H  4.37  5  5H 

Nitrogen     2U7        28.3  2N  12J20        14.15  N 

Oxygen       36.05        48  60  41i27        48  60 

100.00      133.26  CsH8N»0«        100.00      116.11  C»H»NO«. 

It  is  obvious  that  one  eq.  of  anhydrous  asparagin  contains  one  eq.  of  aspar- 
tic acid  and  one  cq.  of  ammonia.  And  yet  asparagin  is  not  aspartate  of 
ammonia,  since  acids  do  not  eliminate  aspartic  acid  nor  alkalies  ammonia 
with  the  fiicility  which  would  be  expected  on  that  supposition.  The  crys- 
tals of  asparagin  lose  12.133  per  cent,  of  water  when  heated,  or  consist  of 
133.26  parts  or  one  eq.  of  anhydrous  asparagin  and  18  or  two  eq.  of  water. 
Aspartic  acid  is  prepared  by  decomposing  tlic  aspartate  of  oxide  of  lead  by 
hydrosulphuric  acid,  and  evaporating  tlie  filtered  solution,  when  the  acid  is 
obtained  as  a  colourless  powder  composed  of  minute  prismatic  crystals, 
which,  like  asparagin,  contain  two  eq.  of  water  of  crystallization.  It  has 
little  taste,  is  sparingly  soluble  in  cold  water,  and  still  less  so  in  alcohol.  Its 
aqueous  solution  is  not  precipitated  by  the  soluble  salts  of  baryta,  lime,  lead, 
magnesia,  copper,  mercury,  or  silver.  The  aspartates,  when  the  taste  of  the 
base  does  not  interfere,  have  the  taste  of  the  juice  of  meat  It  yields  am- 
monia when  decomposed  by  heat  (An.  de  Ch.  et  do  Ph.  xxxv.  175,  and  xl. 
309.) 

Ba98orin  was  first  noticed  in  gum  Batsora  by  Vauquelin.  It  is  an  ingre- 
dient of  gum  tragacanth  (page  538),  and  probably  occurs  in  other  ffums. 
Salop,  from  the  experiments  of  Caventou,  apiiears  to  consist  almost  toi^y  of 
bassorin. 

Bassorin  is  characterized  by  forming  with  cold  water  a  bulky  jelly,  which 
is  insoluble  in  that  menstruum,  as  well  as  in  alcohol  and  ether.  Boiling 
water  does  not  dissolve  it  except  by  long.eontinucd  ebullition,  when  the  bas- 
sorin at  length  disappears,  and  Ts  converted  into  a  substance  similar  to  gum- 
arabic. 

Caffein  was  discovered  in  coffee  by  Robiquct  in  the  year  1821,  and  was 
soon  af\er  obtained  from  the  same  source  by  Pelletier  and  Caventou,  with- 
out a  knowledge  of  the  discovery  of  Robiquet  (An.  of  Phil.  N.  S.  xii.)  It  is 
best  prepared  by  making  an  aqueous  decoction  of  bruised  raw  coffee,  add- 
ing subaoetate  of  oxide  of  lead  as  long  as  a  precipitate  fiills,  by  which  means 
a  large  quantity  of  extractive  and  colouring  matter  is  tlirown  down,  and 
then  precipitating  the  excess  of  oxide  of  lead  by  h^drosulphuric  acid.  The 
caffein,  which  is  lcf\  in  solution,  is  ultimately  obtamed  in  prystals  by  evapo- 
ration.  PfktT  and  Liebig  recommend  that  it  should  be  decolorized  by 
digestion  with  animal  charcoal  together  with  some  moist  hydrated  oxide  of 
lead. 

Caffein  is  a  white  crystalline  volatile  matter,  sparingly  soluble  in  cold  ww- 
tar,  but  very  soluble  in  boiling  water  and  alcohol,  and  is  deposited  from  these 
solutions  as  they  cool,  in  the  form  of  silky  filaments  like  amianthus.  Pelle- 
tier, contrary  to  the  opinion  of  Robiquet,  at  first  regarded  it  as  an  alkaline 
base ;  but  he  now  admits  that  it  does  not  affect  the  vegetable  blue  colours, 
nor  combine  with  acids.  From  a  late  analysis  by  Pfiiff  and  Liebig,  made 
with  a  purer  specimen  than  that  analyzed  by  Pelletier  and  Dumas,  caffein 
is  composed  of  48.96  parts  or  eight  eq.  of  carbon,  5  parts  or  five  eq.  of  hy- 
drogen, 38.3  or  two  eq.  of  nitrogen,  and  16  or  two  eq.  of  oxygen.  (An.  de 
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Ch.  et  de  Ph.  zliz.  303.)  Though  it  oontains  more  nitrogen  than  meet  ani- 
mal Bubetanoee,  it  doee  not,  under  any  circmnstaoees,  undergo  the  putrefac* 
tive  fermentation. 

In  the  precipitate  caused  in  a  decoction  of  coflRse  by  acetate  of  oxide  of 
lead,  tannic  acid  is  present,  together  with  another  acid  aappoeed  to  be  pecn- 
liar  to  coffee,  and  termed  by  Pfiiff  caffeic  acid. 

Cttthartin. — ^This  name  has  been  applied  by  Laieaigne  and  FeaeoUe  to 
the  active  principle  of  aenna.  (An.  de  Ch.  et  de  Ph.  toI.  zvi.)  A  similar  bit- 
ter purgative  principle,  called  Cytitinf  has  been  prepared  from  the  Cytitus 
Almnos. 

Fungin^—ThiB  name  is  applied  by  Braconnot  to  the  fleshy  substance  of 
the  mushroom,  purified  by  digestion  in  hot  water,  to  which  a  little  alkali  ia 
added.  Fungin  is  nutritions  in  a  high  degree,  and  in  compoaition  is  very 
analogous  to  animal  substances.  Like  flesh  it  yields  nitrogen  gas  when  di- 
gested in  dilute  nitric  acid. 

Suberin. — This  name  has  been  applied  by«Chevreol  to  the  cellular  ttwue 
of  the  common  cork,  the  outer  bark  of  the  cork-oak,  {quereuB  suber),  afler 
the  astringent,  oily,  resinous,  and  other  soluble  matters  have  been  removed 
by  the  action  of  water  and  alcohol.  Suberin  differs  frpm  all  other  vegetable 
principles  by  yielding  the  suberic  when  treated  by  nitric  acid. 

17/mtn,  discovered  by  Klaprolh,  is  a  substance  which  exudes  sponta- 
neously from  the  elm,  oak,  chesnut,  and  other  trees ;  and  according  to  Ber- 
zelius  is  a  constituent  of  most  kinds  of  bark.  It  may  be  prepared  by  acting 
upon  elm-bark  by  hot  alcohol  and  cold  water,  and  then  digesting  the  residue 
in  water,  which  contains  an  alkaline  carbonate  in  solution.  On  neutralizing 
the  alkali  with  an  acid,  the  ulmin  is  precipitated. 

Ulmin  is  a  dark  brown,  nearly  black  substance,  is  insipid  and  inodorous, 
and  is  very  sparingly  soluble  in  water  and  alcohol.  It  dissolves  freely,  on 
the  contrary,  in  the  solution  of  an  alkaline  carbonate,  and  is  thrown  down 
by  an  acid.  Ulmin  is  regarded  as  an  acid  by  M.  P.  Boullay,  who  "has  pro- 
posed for  it  the  name  of  ulmic  acid.  He  found  that  100  parts  of  it  contain 
56.7  of  carbon,  and  43.3  of  oxygen  and  hydrogen,  in  the  ratio  to  form  wa- 
ter. According  to  him  it  is  an  ingredient  of  vegetable  mould  and  tur^  and 
contributes  much  to  the  growth  of  plants.  The  black  matter  deposited 
daring  the  decomposition  of  prussic  acid,  supposed  by  Gay.Lussac  to  be  a 
carburet  of  nitrogen,  is  an  acid  Yery  similar  to  the  ulmic,  and  to.  which  he 
has  given  the  name  of  azulmie  acid.  (An.  de  Ch.  et  de  Ph.  xliii.  273.) 

Lupidin  is  the  name  applied  b^  Dr.  Ives  to  the  active  principle  of  the  bop, 
but  which  has  not  yet  been  obtained  in  a  state  of  purity. 

Jmdin  is  a  white  powder  like  starch,  which  is  spontaneously  deposited  fh>m 
a  decoction  of  the  roots  of  the  huda  keUnium  or  eUcampane.  This  substance 
is  insoluble  in  cold,  and  soluble  in  hot  water,  and  is  deposited  from  tlie  latter 
as  it  cools,  a  character  which  distinguishes  it  from  starch.  With  iodine  it 
forms  a  greenish-yellow  compound  of  a  perishable  nature.  Its  solution  is 
somewhat  mucilaginous;  but  inulin  is  distinguished  from  gum  by  insolu- 
bility in  cold  water,  and  in  not  yielding  the  sacchoiactic  when  digested  in 
nitric  acid. 

Medullin, — ^This  name  was  applied  by  John  to  the  pith  of  the  snn-flower, 
bat  its  existence  as  an  independent  principle  is  somewhat  dubious.  The  term 
polUnin  has  been  given  by  the  same  chemist  to  the  pollen  of  tulips. 

Piperin  is  the  name  which  is  applied  to- a  white  crystalline  substance  ex- 
tracted  from  black  or  white  pepper.  It  is  tasteless,  and  'is  quite  free  from 
pungency,  the  stimulating  property  of  the  pepper  being  found  to  reside  in  a 
fixed  oil.  (PcUetier,  in  An.  de  Ch.  et  de  Ph.  vol.  xvi.)  Dr.  A.  T.  Thomson 
has  extracted  it  from  chamomile  flowers. 

A  process  recommended  for  its  preparation  by  Vogel  consists  in  digest- 
in|r  for  two  days  16  ounces  of  bkick  pepper  in  coarse  powder  in  twice  its 
weight  of  water,  five  times  in  suceession  ;  and  digesting  the  insoluble  parts, 
previously  well  pressed  and  dried,  for  three  days  in  24  ounces  of  alcohol. 
The  solution  is  pressed  through  linen  cloth,  filtered,  and  evaporated  to  the 
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oonsisteneo  of  syrup ;  and  tiit  impare  oryitala  of  piperin,  depocited  by  cool- 
ing, are  freed  from  adhering  reaiooos  matter  by  ether,  aad  further  puri&ed 
by  animal  charcoal,  re-aolution  in  alcohol,  and  a  aeoond  cryatallisation. 

Piperin  crystallises  in  foor-sided  prisms,  which  have  commonlF  a  yeOov 
eolour,  owing  to  adhering  oil  or  resin.  It  b  insoluble  in  cold,  and  sparingly 
soluble  in  hot  water ;  but  it  is  very  soluble  in  alcohol,  and  less  00  in  ether. 
Acetic  acid  also  dissolves  it,  and  lesTes  it  by  evaporation  in  feathery  crys- 
tals. It  fuses  at  212^,  and  according  to  Gobel  consists  of  80.95  parts  of  car- 
boo,  8.13  of  hydrogen,  and  10.93  of  oxygen. 

02ivt2«.'— When  tbe  gum  of  the  olive-tree  is  dissolved  in  alcohol,  and  the 
solution  is  allowed  to  evaporate  spontaneously,  a  peculiar  substance,  appa- 
rently different  from  the  other  proximate  pnnciples  hitherto  examined,  is 
deposited  either  in  flattened  needles  or  as  a  brilliant  amylaceous  powder. 
To  this  Pelletier,  its  discoverer,  his  given  the  name  of  OUoUe,  (An.  of 
Phil,  xii.) 

Sarcoeoll  is  the  concrete  juice  of  the  PeiMa  mrcoeoUa^  a  plant  which 
grows  in  tbe  noKhem  parts  of  Africa.  It  is  imported  in  the  form  of  small 
grains  of  a  yellowish  or  reddish  colour  like  gum-arabic,  to  which  its  proper- 
ties are  similar.  It  has  a  sweetish  taste,  dissolves  in  the  mouth  like  gum, 
and  forms  a  mucilage  with  water.  It  is  distinguished  from  gum,  however, 
by  its  solubility  in  alcohol,  and  by  its  aqueous  solution  being  precipitated  by 
tannin.  Dr.  Thomson,  who  has  given  a  full  account  of  sarcocoU  in  his 
System  of  Chemistry,  considers  it  closely  allied  to  the  saccharine  matter  of 
liquortee. 

Rkubarharin  is  the  name  employed  by  Pfaff  to  desirnate  the  principle  in 
which  the  purgative  property  of  the  rhubarb  resides.  M.  Nani  of  Milan  re- 
gards the  active  principle  of  this  plant  as  a  vegetable  alkali ;  but  he  has  not 
given  any  proof  of  its  alkaline  nature.    (Journal  of  Science,  xvi.  173.) 

WiHn. — M.  Vaodin  has  applied  this  name  to  a  substance  which  he  obtained 
by  gently  heating  rhubarb  in  powder  with  eif  ht  times  its  weight  of  nitric 
acid  of  1.375,  evaporating  to  the  consistence  of  syrup,  and  diluting  with  cold 
water.  Rh6in,  which  is  then  deposited,  is  inodorous,  has  a  slightly  bitter 
taste,  and  an  orange  colour.  It  is  sparingly  sduble  in  cold  water ;  but  it 
dissolves  in  alcohol,  ether,  aad  hot  water,  and  its  solutions  are  rendered  pahs 
vellow  by  acids,  and  rose-red  by  alkalies.  It  may  be  extracted  from  rhubarb 
by  ether,  a  fiict  which  proves  that  it  exists  ready  formed  in  the  plant ;  and 
its  mode  of  preparation  shows  that  it  possesses  unusual  permanence,  power- 
fully resisting  the  action  of  nitric  acid. 

Rhaponticin, — ^This  substance  was  obtained  by  Homemann  from  the  Rheum 
RhapoiUicum,  It  was  obtained  in  the  form  of  yellow  scales,  which  are  taste- 
less and  inodorous,  insoluble  in  cold  water  and  ether,  and  requires  for  solu- 
tion 24  times  its  weight  of  boiling  water;  and  only  twice  its  weight  of  anhy. 
drous  alcohol. 

Colocffntin. — ^This  name  was  applied  by  VauqoeKn  to  a  bitter  resinom 
matter  extracted  from  colocynth  l^  the  action  of  alcohol,  and  lefl  by  evapo- 
ration  as  a  brittle  substance  of  a  golden-yellow  colour.  '  It  is  slightly  soluble 
in  water,  is  freely  dissolved  by  alcohol  and  alkalies,  and  possesses  the  purga- 
tive properties  of  colocynth.     (Journal  of  Science,  xviii.  400.)        % 

Berberin. — This  is  a  yellow  bitter  principle  contained  in  the  alcoholic  ex. 
tract  of  the  root  of  the  barberry. 

Bryanin. — This  is  a  bitter,  rather  poisonous  principle,  obtained  first  by 
Vauquelin  and  afterwards  by  Brandos  from  the  root  of  the  Brionia  alba. 

Oentianin  is  the  name  applied  to  tbe  bitter  principle  of  the  root  of  tbe 
gentian. 

Zdnthonierin  is  a  bitter  principle  obtained  from  the  bark  of  the  Zanthaxv- 
lum  carilntum  hy  Chevallier  and  Pelletan.  It  is  of  sparing  solubility  in 
water,  insoluble  in  ether,  very  soluble  in  alcohol,  from  which  it  crystallixes 
by  evaporation  in  yellow  acicular  crystals  of  a  silky  lustre. 

Cetrarin  is  the  name  applied  by  Herberger  to  iho  bitter  principle  of  Ice- 
land moss» 
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SeUUHn  is  tfae  name  applied  by  Vogel  to  the  bitter  medicinal  principle  of 
squills  {Scilla  maritima).  It  is  prepared  by  evaporating  the  juice  expressed 
from  the  fresh  root  of  squills  to  the  consistence  of  an  extract,  forming  a  solu- 
tion of  it  in  alcohol,  which  is  then  evaporated  to  dryness,  and  the  soluble 
parts  taken  up  by  water.  The  solution  contains  scillitin  associated  with 
tannic  acid  and  saccharine  matter :  the  former  is  separated  by  means  of 
sttbacetate  of  oxide  of  lead ;  and  the  latter  by  forming'  an  alcoholic  solution 
of  the  scillitin  and  sugar,  freed  from  tannic  acid,  and  adding  ether,  whipli 
throws  down  the  sugar,  leaving  most  of  the  scillitin  in  solution.  By  evapo- 
ration the  scillitin  remains  in  Uie  form  of  a  white  friable  mass  of  a  resinous 
fraclure. 

Senegin  is  the  name  given  by  Gehlen  to  the  bitter  acrid  principle  contained 
in  the  root  of  the  Pdygala  Senega, 

Saponin, — ^This  substance  is  contained  in  the  root  of  the  Saponaria  qgUu 
nalis,  and  is  the  cause  of  the  lather  which  that  root  forms  when  agitated 
with  water.  It  is  prepared  by  evaporating  to  dryness  an  aqueous  solution 
of  the  alcoholic  extract  of  the  root,  or  an  alcoholic  solution  of  the  aqueous 
extract.  Both  solvents  are  requisite,  in  order  to  separate  the  saponin  from 
resinous  and  gummy  matter  with  which  it  is  associated  in  the  root 

Arihanatin, — This  name  was  applied  by  Saladin  to  a  colourless  crystalline 
matter,  which  is  extracted  by  alcohol  from  the  root  of  the  Cyclamen  £ti- 
rop<Bum, 

Extractive  Matter. — ^This  expression,  if  applied  to  one  determinate  princi. 
pie  supposed  to  be  the  same  in  different  plants,  is  quite  inapplicable.  It  is 
indeed  true  that  most  plants  yield  to  water  a  substance  which  differs  from 
gum,  sugar,  or  any  proximate  principle  of  vegetables,  which,  therefore,  con- 
stitutes a  part  of  what  is  called  an  extract  in  ^armacy,  and  which,  for  want 
of  a  more  precise  term,  may  bo  expressed  by  the  name  of  extractive.  It 
must  be  remembered,  however,  that  this  matter  is  always  mixed  with 
other  proximate  principles,  and  that  there  is  no  proof  whatever  of  its  being 
identical  in  different  plants.  The  solution  of  safiron  in  hot  water,  said  to 
afford  pure  extractive  matter  by  evaporation,  contains  the  colouring  matter 
of  the  plant,  together  with  all  the  other  vegetable  principles  of  saffron,  which 
happen  to  be  soluble  in  the  menstruum  employed. 

Plumbapn,  extracted  by  Dulong  from  the  root  of  the  PUtmfMgo  Europcui, 
is  soluble  in  water,  alcohol,  and  eOier,  and  crystallizes  from  ite  solutions  in 
acicular  crystals  of  a  yellow  colour.  Its  aqueous  solution  is  made  cherry- 
red  by  alkalies,  subacetate  of  oxide  of  lead,  and  perchloride  of  iron ;  but  acids 
restore  the  yellow  tint,  and  the  plumbegin  is  found  unaltered.  Ite  taste  is 
at  first  sweet,  but  is  subsequently  sharp  and  acrid,  extending  to  the  throat 
(Journal  of  Science,  N.  S.  vi.  191,) 

ChlorophyU, — This  name  has  been  applied  by  Pelletier  and  Caventou  to 
the  green  colouring  matter  of  leaves.  It  is  prepared  by  bruising  green  leaves 
into  a  pulp  with  water,  pressing  out  all  the  liquid,  and  boiling  the  pulp  in 
alcohol.  The  solution  is  mixed  with  water,  and  the  spirit  driven  off  by  dis- 
tillation, when  the  chlorophyle  is  lefl  floating  on  the  sur&ce  of  the  water. 
As  thus  obtained,  it  appears  to  be  wax  stained  with  .the  green  colqur  of  the 
leaves ;  and  from  some  late  observationB  of  Macaire  Prinsep,  the  wax  may 
be  removed  by  ether,  and  the  colouring  matter  left  in  a  pure  state.  The  red 
aatumnal  tint  of  the  leaves,  according  to  the  same  observer,  is  the  effect  of 
an  acid  generated  in  the  leaf.  The  green  tint  may  be  restored  by  the  action 
of  an  alkali. 

Amygdalin, — This  substance  was  extracted  in  1830  by  Robiquet  and 
Boutron-Charlard  from  the  bitter  almond.  (An.  de  Ch.  et  de  Ph.  xliv.  35^.) 
The  almond,  reduced  to  a  pulp,  is  digested  with  ether  in  order  to  separate  its 
fixed  oil,  afler  which  it  is  boiled  in  3  or  4  successive  portions  of  alcohol,  and 
the  alcoholic  solution  is  distilled  in  a  water  bath  to  the  consistenoe  of  syrup. 
This  residue  is  then  briskly  agitated  with  ether,  and  set  at  rest  in  a  tubs 
placed  perpendieularly,  when  three  distinct  strata  are  gradually  formed :  the 
upper  one  is  nearly  pive  ether,  the  lower  is  visdd  and  consists  of  sacoharine 
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matter,  and  tlie  iDtensediate  ■tratani,  white  and  aeini-floHd,  contains  the 
amygdalin. 

Amygdalin,  insoluble  in  water,  dissoltres  freely  in  hot  alcohol,  and  crystal, 
lixes  as  the  tolation  cools  in  white  needles,  which  are  not  Yolatile,  and  remain 
Qnehangcd  in  the  open  air.  Its  taste  is  sweet  followed  by  a  bitter  flaToor, 
analogoQs  to  that  of  the  bitter  almond,  the  peculiar  flavour  of  which  appean 
owin^r  to  amygdalin.  This  principle  has  neither  acid  nor  alkaline  prop^es. 
It  contains  nitrogen  as  one  of  its  elements,  and  emits  a  strong  odour  of  anw 
monia  when  it  is  boiled  in  a  solution  of  potassa.  Heated  with  nitric  acid  it 
yields  benzoic  acid.  It  certainly  has  a  close  relation  to  benzule,  but  the  na- 
tare  of  that  connexion  has  not  yet  been  traced. 

Saliein. — ^This  principle  was  discovered  in  1830  in  the  bark  of  the  willow 
(Saliz  helix)  by  M.  Lerouz,  who  announced  it,  along  with  attestations  of  its 
virtues  from  Alajendie  and  other  medical  authorities,  as  a  cure  for  intermit- 
tent  fever  of  eumcicnt  power  to  become  a  substitute  for  quinia;  and  obser- 
vations on  its  preparation  and  properties  have  since  been  made  by  Braconnot, 
Peloure  and  J.  Gay-Lussac,  and  Peachier.  (An.  de  Ch.  et  de  rh.  zliii.  440, 
and  zliv.  220,  296,  and  418.)  It  exists  in  several  species  of  the  willow,  and 
Braconnot  has  met  with  it  in  the  bark  of  the  poplar,  especially  of  the  Popic- 
III*  tremula.  The  most  approved  method  of  preparation  consists  in  forming 
an  aqueous  dccoctioii  of  the  willow  bark,  adding  subaoetate  of  oxide  of  lead 
as  Ion?  as  a  precipitate  falls,  in  order  to  remove  colouring  matter,  boiling 
with  chalk  to  throw  down  the  excess  of  oxide  of  lead,  and  evaporating  the 
solution.  The  salicin  is  deposited  in  crystals,  which  may  be  purified  by  ' 
solution  in  alcohol  and  digestion  with  animal  charcoaL 

Pure  salicin  is  perfectly  white,  crystallizes  in  delicate  prisms  or  needles, 
and  has  a  very  bitter  taste.  In  cold  water  it  is  sparingly  soluble ;  bat  it  is 
freely  taken  up  both  by  water  and  alcohol  at  a  boiling  temperature,  and  is 
insoluble  in  ether.  By  strong  sulphuric  acid  in  the  cold  it  is  decomposed, 
and  the  acid  acquires  a  purple  tint  Healed  with  sulphuric  acid  somewhat 
diluted,  or  with  strong  hydrochloric  acid,  it  is  converted  into  a  white  insoln- 
ble  matter  of  the  nature  of  resin.  When  digested  with  eight  times  its  weight 
of  nitric  acid,  salicin  yields  a  large  quantity  of  carbazotic  acid. 

Salicin  has  neither  acid  nor  alkaKne  properties,  and  according  to  Peloun 
and  J.  Gay-Lussac  consists  of  carbon,  hydrogen,  and  oxygen,  in  the  ratio  of 
two  equivalents  of  the  first  element,  two  equivalents  of  the  second,  and  one 
equivalent  of  the  third. 

Populin, — A  substance,  described  under  this  name,  was  found  by  Bra- 
connot in  the  bark  of  the  Popuhu  trtmula  during  his  search  for  salicin. 
It  exists  still  more  plentifully  in  the  leaves  of  the  same  tree,  and  is  obtained 
by  throwing  do^ir  the  colouring  and  extractive  matter  of  an  aqueous  decoc- 
tion of  the  leaves  by  subacetate  of  lead,  as  in  the  process  for  salicin,  and 
then  evaporating  to  the  consistence  of  thin  sjrup:  the  impure  crystals  are 
pressed  within  linen,  mixed  with  a  little  animal  charcoal,  and  dissolved  in 
160  times  their  weight  of  boiling  water.  The  filtered  solution  dcposites,  in 
cooling,  white,  silky,  acicular  crystals  of  populin. 

Populin  requires  2000  times  its  weight  of  cold,  and  70  of  boiling  water 
for  solution ;  but  it  is  much  more  soluble  in  hot  alcohol.  Acids  act  upon  it 
exactly  in  the  same  manner  as  on  salicin,  showing  that  these  two  sub- 
stances, if  essentially  distinct,  are  very  analogous  in  properties  and  com- 
position. 

Meeonin. — Tliis  principle  was  discovered  separately  by  M.  Couerbe  in 
1830,  and  before  that  period  by  M.  Dublanc;  but  we  are  indebted  to  the 
former  for  a  knowledge  of  its  composition  and  properties  (An.  de  Ch.  et  de 
Ph.  1.  337).  At  common  temperatures  it  is  a  white  solid,  inodorous,  and  of 
a  rather  acrid  taste  afler  some  time,  though  tasteless  at  first  It  begins  to 
liqnefy  at  190^,  and  is  a  limpid  liauid  at  195^,  and  may  be  kept  fluid  till 
the  temperature  falls  to  167°.  At  31 1°  it  sublimes,  and  condenses  on  cool- 
ing  into  a  white  matter  like  fat  It  requires  266  parts  of  cold,  and  18.5  of 
boiling  water  for  solution,  and  is  very  soluble  in  alcohol^  ether,  and  the  es- 
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sential  oils.  It  crystaUizea  from  these  solotions  in  six-aided  prisms,  two 
parallel  fkces  of  the  prism  bein^^  larger  than  the  rest,  and  ibrmiog  a  dihedral 
sammit  When  a  crystal  is  put  into  water  which  is  then  heated,  the  crystal 
becomes  softer,  then  ibrms  a  liquid  globule  like  oil  at  the  bottom  of  the 
flask,  and  then,  as  the  water  boils,  it  soon  disappears  entirely. 

Meconin  has  neither  acid  nor  alkaline  properties.  The  sulphuric  and 
nitric  acids  and  chlorine  decompose  it,  and  produce  compounds  of  a  charac- 
teristic nature.  In  sulphuric  acid  diluted  with  a  quarter  or  half  its  weight 
of  water  it  ibrms  in  the  cold  a  colourless  solution;  but  on  concentrating  to  a 
certain  point,  the  solution  acquires  a  deep  blue  tint :  in  this  state  the  me- 
oonin  is  wholly  decomposed,  and  on  dilution  with  water  a  chestnut  matter 
falls,  which  is  soluble  in  warm  strong  sulphuric  acid,  alkalies,  alcohol,  and 
ether,  reproducing  the  green  solution  with  the  first,  and  a  rose-red  with  the 
two  last.  Digested  in  nitric  acid  it  yields  a  yellow  solution,  which  yields 
by  evaporation  elongated  crystals  of  the  same  colour.  Chlorine  transmitted 
over  fused  meconin  gi?es  rise  to  a  fused  mass  of  a  reddish-yellow  colour,  con- 
sisting principally  of  chlorine  in  union  with  a  new  acid,  which  Couerbe  has 
term^  mechUnc  acid. 

Meconin  is  a  constituent  of  opium,  and  is  procured  in  the  process  ibr 
preparing  narceia  already  described  (page  528).  B^  ether  narceia  is  puri- 
fied in  £at  process  from  narcotina,  fat,  and  meconm ;  and  on  treating  the 
ethereal  extract  with  hot  water  the  meconin  is  separated  from  narcotina  and 
fat  It  should  be  purified  by  a  second  crystallization,  a  little  ajfjimal  char- 
coal  being  added.  Some  meconin  is  likewise  present  in  the  impure  mass  of 
morphia  when  precipitated  by  ammonia  (page  525),  and  is  taken  up  by  the 
alcohol  used  in  its  purification.  Meconin  is  present  in  very  small  quantity 
in  opium,  one  pound  containing  about  2^  grains,  so  that  it  is  hopeless  to 
search  for  it  eiccpt  in  large  manufacturing  operations. 

According  to  Couerbe,  100  parts  of  meconin  contain  60iM7  of  carbon, 


4756  of  hydrogen,  and  34.997  of  oxygen. 
CofiimWn.— This 


his  is  a  bitter  crystalline  principle,  obtained  by  M.  Witt- 
stock  from  an  alcoholic  decoction  of  columbo  root :  the  solution  is  concen- 
trated to  about  a  third  of  its  volume,  and  is  then  led  in  a  warm  place,  when 
yellowish-brown  crystals  are  gradually  deposited.  It  is  purified  in  the 
usual  manner  by  animal  charcoal  and  solution  in  hot  alcohol,  from  which  it 
is  afterwards  obtained  in  colourless  prismatic  crystals.  (Royal  Inst.  Jour- 
nal, N.  S.  i.  630.) 

Elatitu — ^This  matter  has  been  described  b^  Mr.  Hennell  (R.  Inst.  Jour- 
nal, N.  S.  i.  532),  and  is  prepared  by  forming  an  alcoholic  decoction  of 
elaterium,  distilling  oflf  most  of  the  alcohol,  and  setting  aside  the  remainder 
for  spontaneous  evaporation.  The  residual  mass  consists  of  a  green  resin, 
in  which  the  medical  qualities  of  elaterium  appear  to  reside,  and  a  crystal- 
line matter :  the  former  is  readily  taken  up  by  sulphuric  ether,  and  the  lat- . 
ter  left  in  a  nearly  pure  state.  It  is  deposited  in  colourless  acicniar  tufls 
when  its  solution  in  hot  alcohol  is  allowed  to  cool.  In  water  it  is  nearly 
insoluble,  and  is  venr  slightly  dissolved  by  ether.  It  has  neither  acid  nor 
alkaline  properties,  fuses  at  a  heat  between  300°  and  400°,  and  has  a  bitter 
taste.  According  to  the  analysis  of  Hennell,  46  parts  contain  17  of  carbon, 
11  of  hydrogen,  and  18  of  oxygen.  Elaterium  contains  40  per  cent,  of 
elatin,  and  Sfl  per  cent  of  the  green  resin,  the  remainder  being  ligneont 
fibre,  earthy  matter,  and  starch. 

Sinapimm — ^A  peculiar  nrinciple,  called  Stt/pAo-siiuimsifi,  siTiaotstn,  or 
nnafin,  has  been  extracted  from  mustard  seed  (sinapis  alba)  by  MM.  Henry, 
jnn.,  and  Garot,  who  at  first  supposed  it  to  be  an  acid,  but  have  since  cor- 
rected their  mistake  (PhiL  Mag.  and  An.  ix.  390).  They  believe  it  to  con- 
tain the  elements  uf  sulphuret  m  cyanogen  united  with  a  peculiar  orjganio 
matter  firom  which  the  volatile  oil  of  mustard  may  be  developed.  It  is  ob. 
tained  by  forming  an  aqueous  decoction  of  mustard  seed,  adding  subaoetats 
of  oxide  c^  lead  as  long  as  a  precipitate  fidls,  removing  the  excess  of  that 
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oxido  bj  hydrosulphurio  acid,  and  concentrating  the  filtered  aolotion.  The 
first  crop  of  crystals  is  purified  by  a  second  crystallization. 

Pure  sinapisin  is  white  and  inodorous,  has  a  bitter  taste,  accompanied 
with  a  flavour  of  mustard,  is  more  soluble  in  hot  water  or  alcohol  than 
when  they  are  cold,  and  crystallizos  in  pearly  needles  or  small  prisms  ar- 
ranged in  tails.  Heated  with  hydrochloric  acid  it  is  decomposed,  emitting 
an  odour  of  hydrocyanic  acid;  and  when  distilled  with  sulphuric  or  phos- 
phoric acid,  sulphocyanic  acid  is  generated.  By  the  fixed  alkalies  it  is  also 
decomposed :  evaporated  with  potossa,  the  snlphocyanuret  of  potassium  is 
generated,  and  a  strung  odour  of  the  volatile  oil  of  mustard  may  be  per- 
ceived. With  persalts  of  iron  a  solution  of  sinapisin  strikes  a  deep  red 
colour. 

The  ultimate  elements  contained  in  100  parts  of  sinapisin  are  50.504 
carbon,  7.795  hydrogen,  494  nitrogen,  9.657  sulphur,  and  27.104  oxygen. 


SECTION  VIII. 

SPOOTANEOUS  CHANGES  OF  VEGETABLE  MATTER. 

Veobtablk  substances,  for  reasons  already  explained  in  the  remarks  in- 
troductory to  the  study  of  oreanic  chemistry,  ore  very  liable  to  spontaneous 
decomposition.  So  long,  indeed,  as  they  remain  in  connexion  with  the 
living  plant  by  which  Uiey  were  produced,  the  tendency  of  their  elements 
to  form  new  combinations  is  controlled;  but  as  soon  as  the  vital  principle  is 
extinct,  of  whose  agency  no  satisfactory  explanation  can  at  present  be 
afforded,  they  become  subject  to  the  unrestrained  influence  of  chemical 
affinity.  To  the  spontaneous  changes  which  tlioy  then  experience  from  the 
operation  of  this  power,  the  term  fermentation  is  applied. 

As  might  be  expected  from  the  dificrence  in  the  constitution  of  difierent 
vegetable  compounds,  they  aire  not  all  equally  prone  to  fermei^tation ;  nor  is 
the  nature  of  the  change  the  same  in  all.  Thus  alcohol,  the  oxalic,  acetic, 
and  benzoic  acids,  and  probably  the  vegetable  alkalies,  may  be  kept  for 
years  without  change,  and  some  of  them  appear  unalterable;  while  others, 
such  as  gluten,  sugar,  starch,  and  mucilaginous  substances,  are  very  liable 
to  decomposition.  In  like  manner,  the  spontaneous  change  sometimes  ter- 
minates in  the  formation  of  sugar,  at  another  time  in  that  of  alcohol,  at  a 
third  in  that  of  acetic  acid,  and  at  a  fourth  in  the  total  dissolution  of  the 
substance.  This  has  led  to  the  division  of  the  fermentative  processes  into 
four  distinct  kinds,  namely,  the  socc&arine,  nnottS,  acetous,  and  putrefactiv 
fermentation. 

Saccharine  Fermentation. 

The  only  substance  known  to  be  subject  to  the  first  kind  of  fermentation 
is  starch.  When  gelatinous  starch,  or  amidine,  is  kept  in  a  moist  state  for 
a  considerable  lengUi  of  time,  a  change  gradually  ensues,  and  a  quantity  of 
sugar,  equal  to  about  half  the  weight  of  the  starch  employed,  is  generated. 
Exposure  to  the  atmosphere  is  not  necessary  to  this  change,  but  the  quantity 
of  sugar  is  increased  by  access  of  air. 

The  germination  of  seeds,  as  exemplified  in  the  malting  of  barley,  is  like- 
wise an  instance  of  the  saochorine  fermentation ;  but  as  it  difien  in  some 
respects  from  the  process  above  mentioned,  being  probably  modified  by  the 
vitality  of  the  germ,  it  may  with  greater  propriety  be  discnwed  in  the  fol- 
lowing section. 
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The  ri^iesanf  of  fimit  has  alao  been  regarded  as  as  example  of  the  aaccha- 
line  fermeDtation,  especially  sxace  many  fruits,  of  which  the  pear  and  apple 
are  examples,  if  gathered  before  their  maturity,  ripen  by  keeping ;  and  this 
view  is  contended  for  by  M.  Couverchel  as  an  inierence  from  his  experi- 
mental inquiry  on  the  maturation  of  fruits.  (An.  de  Ch.  et  de  Ph.  xlvi.  147.) 
Proust,  who  examined  the  unripe  grape  in  its  different  stages  towards  matu- 
rity, found  that  the  green  fruit  contains  a  large  quantity  of  free  acid,  chiefly 
the  citric,  which  gradually  disappears  as  the  erape  ripens,  while  its  place  is 
occupied  by  sugar.  Couverchel  examined  me  grape,  peach,  apricot,  and 
pear.  He  found  that  the  acid  and  mucilaginous  matters  of  the  fruit  are 
diminished,  while  carbonic  acid,  water,  and  sugar  are  generated:  these 
changes  he  found  to  be  independent  of  the  oxy^n  of  the  air,  and  to  occur 
whether  the  fruit  is  on  the  tree  or  removed  from  it :  they  arise  from  reaction 
among  the  ingredients  of  the  fruit,  rendered  operative  by  heat,  but  indepen- 
dent of  vitality.  He  considers  the  developement  of  sugar  mnd  disappearance 
of  acid,  which  occur  during  the  process  of  ripening,  to  be  a  change  purely 
chemical. 

Vinous  Fermentation, 

The  conditions  which  are  required  for  establishing  the  vinous  fermentation 
are  four  in  number ;  namely,  the  presence  of  sugar,  water,  yeast,  or  some 
fbrment,  and  a  certain  temperature.  The  best  mode  of  studying  this  pro- 
cess, so  as  to  observe  the  phenomena  and  determine  the  nature  of  the  change, 
is  to  place  five  parts  of  sugar  with  about  twenty  of  water  in  a  glass  flask 
furnished  with  a  bent  tube,  the  extremity  of  which  opens  under  an  inverted 
jar  full  of  water  or  mercury ;  and  after  adding  a  little  yeast,  to  expose  the 
mixture  to  a  temperature  of  about  60°  or  70°.  In  a  short  time  bubbles  of 
ftA  be^in  to  collect  in  the  vicinity  of  the  yeast,  and  the  liquid  is  soon  put 
wto  brisk  motion,  in  consequence  of  the  formation  ailQ  duenga^mcnt  of  a 
large  <|uantity  of  gaseous  matter ;  the  solution  becomes  turbid,  its  tempera- 
tnre  rises,  and  froth  collects  upon  its  surface.  After  continuing  for  a  few 
days,  the  evolution  of  gas  begins  to  abate,  and  at  length  ceases  altogether ; 
the  impurities  gradually  subside,  and  leave  the  liquor  clear  and  transparent. 

Tlie  only  appreciaUe  changes  which  are  found  to  have  occurred  during 
the  process  are  the  disappearance  of  the  sugar,  and  the  formation  of  alcoboT, 
which  remains  in  the  flask,  and  of  carbonic  acid  gas,  which  is  collected  in 
the  pneumatic  apparatus.  A  small  portion  of  yeast  is  indeed  decomposed ; 
but  the  quantity  is  so  minute  that  it  may  without  incunvenience  be  left  out 
of  consideration.  The  yeast  indeed  appears  to  operate  onlyin  excitinff  the 
fermentation,  without  further  contributing  to  the  products.  The  atmospheric 
air,  it  is  obvious,  has  no  share  in  the  phenomena,  since  it  may  be  altogether 
excluded  without  affecting  the  result.  The  theory  of  the  process  is  founded 
on  the  fact  that  the  sugar,  which  disappears,  is  almost  precisely  equal  to  the 
united  weights  of  the  alcohol  and  carbonic  acid ;  and  hence  the  former  is 
supposed  to  be  resolved  into  the  two  latter.  The  mode  in- which  this  diange 
is  conceived  to  take  place  has  been  ably  explained  by  Gay-Lussac,  an  expla- 
nation which  will  easily  be  understood  by  comparing  the  composition  of 
sugar  with  tliat  of  alcohol.  The  elements  of  sugar,  which  consist  of  car- 
bon, hydrogen,  and  oxygen,  in  the  ratio  of  one  equivalent  of  each  (page  535), 
are  multiplied  by  six,  m  order  to  equalize  the  quantity  of  hydrogen  contained 
in  the  two  compounds.    (An.  de  Ch.  xcv.  317.) 

Sugar.  Alcohol.  Carbonic  acid. 

Carbon     .    .    36.72    6  eq.  24.48    4  eq.  1254    2  eq. 
Hydrogen     .6         6  eq.              6         6  eq. 

Oxygen    .    .    48         6  eq.  16         2  eq.  32         4eq. 

5o!72  46.48    1  eq.  f^^,^^'^.^ 

It  hence  appears  that  90.72  parts  of  sugar  are  capable  of  supplymg  4MS 
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of  •loohol  tnd  HSU  of  ctrbonic  acid,  nearly  equal  weigfata,  without  any 
other  products. 

Il  admits  of  doubt  whether  any  substance  besides  so^  is  capable  of  un- 
dergoing the  vinous  fermentation.  The  only  other  prmciple  which  is  sup- 
posed to  possess  this  property  is  starch,  and  this  opinion  chiefly  rests  on  the 
two  following  facts.  First,  It  is  well  known  that  potatoes,  which  contain 
but  little  sugar,  yield  a  large  quantity  of  alcohol  by  fermentation,  during 
which  the  starch  disappearB.  And,  secondly,  M.  Clement  procured  the  same 
quantity  of  alcohol  from  equal  weights  of  malted  and  unmalted  barley.  (An. 
de  Ch.  et  de  Ph.  v.  422.)  Nothing  conclusive  can  be  inferred,  however,  from 
these  data ;  for,  from  the  facility  with  which  starch  is  converted  into  sum, 
it  is  probable  that  the  saccharine  may  precede  the  vinous  fermentation.  This 
view  is,  indeed,  justified  by  the  practice  of  distillers,  who  do  not  ferment 
with  unmalted  barley  only,  but  are  obliged  to  mix  with  it  a  certain  propor- 
tion of  malt,  which  appears  to  act  as  a  ferment  to  the  unmalted  grain. 

Though  a  solution  of  pure  sucrar  is  not  susceptible  of  the  vinous  fermen- 
tation without  being  mixed  with  yeast,  or  some  such  ferment,  yet  the  sac- 
charine juices  of  plants  do  not  require  the  addition  of  that  substance ;  or  in 
other  words,  they  contain  some  principle  which,  like  yeast,  excites  the  fer- 
mentative process.  Thus,  must  or  the  juice  of  the  grape  ferments  spontsp 
neously ;  but  Gay-Lussac  has  observed  that  these  juices  cannot  begin  to 
ferment  unless  they  are  exposed  to  the  air.  By  heatinp^  must  to  212^,  and 
then  corking  it  carefully,  the  juice  may  be  preserved  without  change ;  but  if 
it  be  exposed  to  the  air  for  a  few  seconds  only,  it  absorbs  oxygen,  and  fer- 
mentation takes  place.  From  this  it  would  appear  that  the  must  contains  a 
principle  which  is  convertible  into  yeast,  or  at  least  acquires  the  character- 
/istic  property  of  that  substance,  by  absorbing  oxygen. 

It  appears  from  the  experiments  of  M.  Ck)lin,  that  various  substances  are 
capable  of  acting  as  a  ferment  This  property  is  possessed  by  gluten  and 
vegetable  albumen,  caseous  matter,  albumen,  fibrin,  gelatin,  blood,  and  urine- 
In  general  tliey  act  most  efficaciously  afler  the  commencement  of  putrefac- 
tion {  and  indeed  exposure  to  oxygen  gas  seems  equally  necessary  for  ena- 
bling these  substances  to  act  as  ferments,  as  to  the  principle  contained  in 
the  juice  of  fruit 

The  various  kinds  of  stimulating  fluids,  prepared  by  means  of  the  vinous 
fermentation,  are  divisible  into  wines  which  are  formed  from  the  juices  of 
saccharine  fruits,  and  the  various  kinds  of  ale  and  beer  produced  from  a 
decoction  of  the  nutritive  grains  previously  malted. 

The  juice  of  the  grape  is  superior,  for  the  purpose  of  making  wine,  to  that 
of  all  other  fruits,  not  merely  in  containing  a  larger  portion  of  saccharine 
matter,  since  Uiis  deficiency  may  be  supplied  artificially,  but  in  the  nature  of 
its  acid.  The  chief  or  only  acidulous  principle  of  the  mature  grape,  ripened 
in  a  warm  climate,  such  as  Spain,  Portugal,  or  Madeira,  is  bitartrate  of  po- 
tassa.  As  this  salt  is  insoluble  in  alcohol,  the  greater  part  of  it  is  deposited 
during  the  vinous  fermentation ;  and  an  additional  quantity  subsides,  con- 
stituting the  crust,  during  the  progress  of  wine  towards  its  point  of  highest 
perfection.  The  juices  of  other  fruits,  on  the  contrary,  such  as  the  goose- 
berry or  currant,  contain  malic  and  citric  acids,  which  are  soluble  both  in 
water  and  alcohol,  and  of  which  therefore  they  can  never  be  deprived.  Con- 
sequently these  wines  are  only  rendered  palatable  by  the  presence  of  free 
sugar,  which  conceals  the  taste  of  the  acid :  and  hence  it  is  necessary  to 
arrest  the  progress  of  fermentation  long  before  the  whole  of  the  saccharine 
matter  is  consumed.  For  the  same  reason,  these  wines,  unless  made  Yery 
sweet,  do  not  admit  of  being  long  kept;  for  as  soon  as  the  free  sugar  is  con- 
verted into  alcohol  by  the  slow  fermentative  process,  which  may  be  retarded 
by  the  addition  of  brandy,  but  cannot  be  prevented,  ihe  wine  acquires  a 
strong  sour  taste. 

Ale  and  beer  difier  from  wine  in  containing  a  large  quantity  of  mucilagi- 
nous and  extractive  matters  derived  from  the  malt  with  which  they  are  made. 
From  the  presence  of  these  substances  they  always  contain  a  free  acid,  and 
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are  greatly  dispoeed  to  jmim  into  the  acetous  fermentation.  The  sour  taate 
is  concealed  partly  by  free  eug^r,  and  partly  by  the  bitter  flavour  of  the  hop, 
the  presence  of  which  diminishes  the  tendency  to  the  formation  of  an  acid. 

The  fermentative  process  which  takes  place  in  dough  mixed  with  yeast, 
and  on  which  depends  the  formation  of  good  bread,  has  been  supposed  to  be 
of  a  peculiar  kind,  and  is  sometimes  designated  by  the  name  of  panary  fer- 
mentation.  The  ingenious  researches  of  Dr.  Colquhoun,  however,  leave  no 
doubt  that  the  phenomena  ase  to  be  ascribed  to  the  saccharine  matter  of  the 
flour  undergoing  the  vinous  fermentation,  by  which  it  is  resolved  into  alcohol 
and  carbonic  acid.  (Brewster's  Journal,  vi.)  Mr.  Graham  first  procured 
alcohol  by  distillation  from  fermented  dough,  and  a  Company  was  formed  in 
London  for  collecting  the  spirit  emitted  by  dough  in  the  process  of  baking. 

Acetous  Fermentation. 

When  any  liquid  which  has  undergone  the  vinous  fermentation,  or  even 
pure  alcohol  diluted  with  water,  is  mixed  with  yeast,  and  exposed  in  a  warm 
place  to  the  open  air,  an  intestine  movement  speedily  commences,  heat  is 
developed,  the  fluid  becomes  turbid  from  the  deposition  of  a  peculiar  fila- 
mentous matter,  and  in  general  carbonic  acid  is  disengaged.  Oxygen  is  ab- 
sorbed from  the  atmosphere.  These  changes,  afler  continuing  a  certain 
time,  cease  spontaneously ;  the  liquor  becomes  clear,  and  instead  of  alcohol, 
it  is  now  found  to  contain  acetic  acid.  This  process  is  called  the  acetaae 
fermentation. 

The  vinous  may  easily  be  made  to  terminate  in  the  acetous  fermenta- 
tion ;  nay,  the  transition  takes  place  so  easily,  that  in  many  instances,  in 
which  it  is  important  to  prevent  it,  this  is  with  difficulty  efiectod.  It  is 
the  uniform  result,  if  the  fermenting  liquid  be  .exposed  to  a  warm  tempera- 
ture and  to  the  open  air ;  and  the  means  by  wliich  it  is  avoided  is  by  ex- 
cluding the  atmosphere,  or  by  exposure  to  cold. 

For  the  acetous  fermentation  a  certain  degree  of  warmth  is  indispensable. 
It  takes  place  tardily  below  60°  F. ;  at  50°  it  is  very  sluggish  ;  and  at  32°, 
or  not  quite  so  low,  it  is  wholly  arrested.  It  proceeds  with  vigour,  on  the 
contrary,  when  the  thermometer  ranges  between  60°  and  80°,  and  is  even 
promoted  by  a  temperature  somewhat  higher.  The  presence  of  water  is 
likewise  essential ;  and  a  portion  of  yeast,  or  some  analogous  substance,  by 
which  the  process  may  be  established,  must  also  be  present 

The  information  contained  in  chemical  works  relative  to  the  substances 
susceptible  of  the  acetous  fermentation  is  somewhat  confused,  a  circum- 
stance which  appears  to  have  arisen  from  phenomena  of  a  totally  different 
nature  being  included  under  the  same  name.  It  seems  necessary  to  dis- 
tinguish between  the  mere  formation  of  acetic  acid,  and  the  acetous  fer- 
mentation. Several  or  perhaps  most  vegetable  substances  yield  acetic  acid 
when  they  undergo  spontaneous  decomposition.  Mucilaginous  substances 
in  particular,  though  excluded  from  the  air,  gradually  become  sour;  and 
consistently  with  this  fact,  inferior  kinds  of  ale  and  beer  are  known  to  ac- 
quire acidity  in  a  short  time,  even  when  confined  in  well-corked  bottles.  In 
like  manner,  a  solution  of  sugar,  mixed  with  water,  in  which  the  gluten  of 
wheat  has  fermented,  and  kept  in  close  vessels,  was  found  by  Fourcroy  and 
Vauquelin  to  yield  acetic  acid.  All  these  processes,  however,  appear  essen- 
tially difierent  from  the  proper  acetous  fermentation  above  described,  be- 
ing unattended  with  visible  movement  in  the  liquid,  with  absorption  of  oxy- 
gen, or  disengagement  of  carbonic  acid. 

The  acetous  fermentation,  in  this  limited  sense,  consists  in  the  conver- 
sion of  alcohol  into  acetic  acid.  That  this  change  does  really  take  place 
is  inferred,  not  only  from  the  disappearance  of  alcohol  and  tlie  simulta- 
neous  production  of  acetic  acid,  but  also  fk-om  the  quantity  of  the  latter  be- 
ing precisely  proportional  to  that  of  the  former.  The  nature  of  the  chemi- 
ad  action  requires  to  be  elucidated  by  future  researches.  The  production 
of  carbonic  acid  was  long  considered  an  essential  part  of  the  change :  but 
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u  it  is  now  known  that  the  aoetification  of  pore  alcohol  may  occur  with- 
out the  formation  of  carbonic  acid,  it  is  probable  that  the  appearance  of  thai 
gas  during  tlie  acetous  fermentation  of  vinous  liquors  is  referable  to  the  «• 
roultancous  evolution  of  alcohol  from  sugar  contained  in  the  solution.  Look- 
ing to  the  composition  of  alcohol  and  acetic  acid,  and  to  the  fact  that  alco- 
hol may  bo  acetified  by  atmospheric  oxygen  without  any  carbonic  add 
being  formed,  the  most  feasible  theory  is,  uiat  a  certain  portion  of  alcohol 
and  oxygen  are  resolved  into  water  and  acetiq,  acid,  the  proportions  being 
such  tliat 

1  eq.  of  alcohol  4C-4-6H+20  3    1  eq.  of  acetic  acid        4C-|-3H-|-30 

and  4  eq.  of  oxygen  .  40  -^^  and  3  eq.  of  water  3(H-f-0). 

This  requires,  however,  a  more  direct  experimental  proof  than  it  has 
hitherto  received. 

The  acetous  fermentation  is  conducted  on  a  large  scale  for  yielding  the 
common  vinegar  of  commerce.  In  France  it  is  prepared  by  exposin|r  weak 
wines  to  the  air  during  warm  weather ;  and  in  this  country  it  is  ma&  from 
a  solution  of  brown  sugar  or  molasses,  or  an  infusion  of  malt.  The  vinegar 
thus  obtained  always  contains  a  large  quantity  of  mucilaginous  and  other 
vegetable  matters,  the  presence  of  which  renders  it  liable  to  several  ulterior 
changes. 

Putrefactive  Fermentation. 

By  this  term  is  implied  a  process  which  is  not  attended  with  the  pheno- 
mena of  tlie  saccharine,  vinous,  or  acetous  fermentation,  but  during  which 
the  vegetable  matter  is  completely  decomposed.  All  proximate  principles 
are  not  equally  liable  to  thi.^  kind  of  dissolution.  Those  in  which  charcoal 
and  hydrogen  prevail,  such  as  the  oils,  resins,  and  alcohol,  do  not  undergo 
the  putrefactive  fermentation ;  nor  do  acids,  which  contain  a  consideraUe 
excess  of  oxygen,  manifest  a  tendency  to  suffer  this  change.  Those  sub- 
stances alone  are  disposed  to  putrefy,  the  oxygen  and  hydrogen  of  which 
are  in  proportion  to  form  water ;  and  such,  in  particular,  as  contain  nitro- 
gen. Among  these,  however,  a  singular  difference  is  observable.  Caffein 
evinces  no  tendency  to  spontaneous  decomposition;  while  gluten,  which 
certainly  must  contain  a  smaller  proportional  quantity  of  nitrogen,  putre- 
fies with  great  facility.  It  is  difficult  to  assign  the  precise  cause  of  this 
difference ;  but  it  most  probably  depends  paruy  upon  the  mode  in  which 
the  ultimate  elements  of  bodies  are  arranged,  and  partly  on  their  cohesive 
power ; — those  substances,  the  texture  of  which  is  the  most  loose  and  sofl, 
beinff,  ccUeris  paribvB,  the  most  liable  to  spontaneous  decomposition. 

The  conditions  which  are  required  for  enabling  the  putrefactive  process 
to  take  place,  arc  moisture,  air,  and  a  certain  temperature. 

The  presence  of  a  certain  degree  of  moisture  is  absolutely  necessary ; 
and  hence  vegetable  substances,  which  are  disposed  to  putrefy  under  fa- 
vourable circumstances,  may  be  preserved  for  an  indefinite  period  if  caro- 
fully  dried,  and  protected  from  humidity.  Water  acts  apparently  by  soften- 
ing  the  texture,  and  thus  counteracting  the  agency  of  cohesion  ;  and  a  part 
of  the  effect  may  also  be  owing  to  its  affinity  for  some  of  the  products  of 
putrefaction.  It  is  not  likely  that  this  liquid  is  actually  decomposed,  since 
water  appears  to  be  a  uniform  product 

The  air  cannot  be  regarded  as  absolutely  necessary,  since  putrefaction  is 
found  to  be  produced  by  the  concurrence  of  the  two  other  conditions  only; 
but  the  process  is  without  doubt  materially  promoted  by  free  exposure  to 
the  atmosphere.  Its  operation  is  of  course  attributable  to  the  oxygen  com- 
bining with  the  carbon  and  hydrosen  of  the  decaying  substance. 

The  temperature  most  favourable  to  the  putrefactive  process  is  between 
60<>  and  100<^.  A  strong  heat  is  unfavourable,  by  expelhng  moisture;  and 
a  cold  of  3^^  at  which  water  congeals,  uxests  its  progiow  alto^^ether.   Ae 
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mode  in  which  caloric  acts  is  the  same  as  in  all  similar  cases,  namely,  by 
tending  to  separate  elements  from  one  anotlier  which  are  already  combined. 

The  products  of  the  putrefactive  fermentation  may  be  divided  into  the 
solid,  liquid,  and  gaseous.  The  liquid  are  chiefly  water,  together  with  a 
little  acetic  acid,  and  probably  oil.  The  gaseous  products  are  light  car- 
buretted  hydrogen,  carbonic  acid,  and,  when  nitrogen  is  present,  ammonia. 
Pure  hydrogen,  and  probably  nitrogen,  are  sometimes  disengaged.  Thus 
hydrogen  and  carbonic  acid,  according  to  Proust,  are  evolved  from  putrefy- 
ing gluten;  and  Saussnre  obtained  the  same  gases  from  the  putrefaction 
of^wood  in  close  vessels.  Under  ordinary  circumstances,  however,  the 
chief  gaseous  product  of  decaying  plants  is  light  carburetted  hydrogen, 
which  is  generated  in  great  quantity  at  the  bottom  of  stagnant  pools  during 
summer  ai)d  autumn  (page  245).  Another  elastic  principle,  supposed  to 
arise  f^om  putrefying  vegetable  remains,  is  the  noxious  miasm  of  marshes. 
The  origin  of  these  miasms,  however,  is  exceedingly  obscure.  Every  at- 
tempt  to  obtain  them  in  an  insulated  state  has  hitherto  prove  d  abortive ; 
and,  therefore,  if  they  are  really  a  distinct  species  of  matter,  they  must  be 
recfarded,  like  the  effluvia  of  contagious  fevers,  as  of  too  subtile  a  nature  for 
being  subjected  to  chemical  analysis. 

When  the  decay  of  leaves  or  other  parts  of  plants  has  proceeded  so  far 
that  all  trace  of  organization  is  effaced,  a  dark  pulverulent  substance  re- 
mains, consisting  of  charcoal  combined  with  a  little  oxygen  and  hydrogen. 
This  compound  is  vegetable  mould,  which,  when  mixed  with  a  proper 
quantity  of  earth,  constitutes  the  soil  necessary  to  the  growth  of  plants. 
Saussure,  in  his  excellent  Reeherches  Chimiques  $ur  la  Vegetation^  has  de- 
scribed  vegetable  mould  as  a  substance  of  uniform  composition ;  and  on 
heating  it  to  redness  in  close  vessels,  he  procured  carburetted  hydrogen  and 
carbonic  acid  gases,  water  holding  acetate  pr  carbonate  of  ammonia  in  solu- 
tion, a  minute  quantity  of  empyreumatic  oil,  and  a  large  residue  of  charcoal 
mixed  with  saline  and  earthy  ingredients.  On  exposing  vegetable  mould  to 
the  action  of  light,  air,  and  moisture,  a  chemical  change  ensues,  the  effect 
of  which  is  to  render  a  portion  of  it  soluble  in  water,  and  thus  applicable  to 
the  nutrition  and  growth  of  plants. 


SECTION  IX. 

CHEMICAL  PHENOMENA  OF  GERMINATION  AND 
VEGETATION. 

Germination. 

QzRMiNATioN  is  the  process  by  which  a  new  plant  originates  from  seed. 
A  seed  consists  essentially  of  two  parts,  the  germ  of  the  future  plant,  en- 
dowed  with  a  principle  of  vitality,  and  the  cotyledons  or  aeed-lches,  botli  of 
which  are  enveloped  in  a  common  covering  of  cuticle.  In  the  j?erm  two 
parts,  the  radicle  and  plumulaj  may  be  distinguished,  the  former  of  which  is 
destined  to  descend  into  the  earth  and  constitute  the  root,  the  latter  to  rise 
into  the  air  and  form  the  stem  of  the  plant  The  office  of  the  seed-lobes  is 
to  afford  nourishment  to  the  young  plant,  until  its  organization  is  so  far  ad- 
vanoed,  that  it  may  draw  materials  lor  its  growth  from  extraneous  sources. 
For  this  reason  seeds  are  composed  of  highly  nutritious  ingredients.  The 
chief  constituent  of  most  of  them  is  starch,  in  addition  to  which  they  fre- 
quently contain  gluten,  gum,  vegetable  albumen  or  curd,  and  sugar. 

The  conditions  necessary  to  germination  are  three-fold;  namely,  moisture, 
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a  certain  teroperatura,  and  the  presence  of  ozygfen  ^.  The  neeenit^  6f 
moisture  to  this  process  has  beien  proved  by  extensiTo  observation.  It  is 
well  known  that  tho  concurrence  of  other  conditions  cannot  enable  seeds  to 
germinate  provided  they  are  kept  quite  dry. 

A  certain  dejj^ree  of  warmth  is  not  less  essential  than  moisture.  Genni- 
nation  cannot  take  place  at  dsiP ;  and  a  strong  heat,  such  as  that  of  boiling 
water,  prevents  it  altogether,  by  deprivinff  the  germ  of  the  vital  principle. 
The  most  favourable  temperature  ranges  from  6(F  to  80^,  the  precise  degree 
varving  with  the  nature  of  the  plant,  a  circumstance  that  acoonnts  for  the 
difllerence  in  the  season  of  the  year  at  which  different  seeds  begin  to  ger- 
minate. 

That  the  presence  of  air  is  necessary  to  germination  was  demonstrated 
by  several  philosophers,  such  as  Ray,  Boyle,  Muschenbroeck  and  Boerhaave, 
before  the  chemical  nature  of  the  atmosphere  was  discovered ;  and  Scbeele, 
soon  after  tho  discovery  of  oxygen,  proved  that  beans  do  not  germinate 
without  exposure  to  that  gas.  Achard  aflerwards  demonstrated  the  same 
fact  with  respect  to  seeds  in  general,  and  his  experiments  have  been  fully 
confirmed  by  subsequent  observers.  It  has  even  been  shown  by  Humboldty 
that  a  dilute  solution  of  chlorine,  owing  to  the  tendency  of  that  gas  to  de- 
compose water  and  set  oxygen  at  liberty',  promotes  the  germination  of  seeds. 
These  circumstances  account  for  the  fact  that  seeds,  when  buried  deep  in 
tlic  earth,  are  unable  to  germinate. 

It  is  remarkable  that  Uie  influence  of  light,  which  is  so  favourable  to  all 
the  subsequent  stages  of  vegetation,  is  injurious  to  tho  process  of  germina- 
tion. Ingcnhousz  and  Sennebier  have  proved  that  a  seed  germinates  more 
rapidly  in  the  shade  than  in  light,  and  in  diffused  daylight  quicker  than 
when  exposed  to  the  direct  solar  rays. 

From  the  preceding  remarks  it  is  apparent  that  when  a  seed  is  placed  an 
inch  or  two  under  the  surface  of  the  ground  in  spring,  and  is  loosely  cover- 
ed with  eartli,  it  is  in  a  state  every  way  conducive  to  germination.  The 
ground  is  warmed  by  absorbing  the  solar  rays,  and  is  moistened  by  occa- 
sional  showers ;  tlie  earth  at  the  same  time  protects  the  seed  from  light,  but 
by  its  porosity  gives  free  access  to  the  air. 

The  operation  of  malting  barley,  in  which  the  gf&in  is  made  to  germi- 
nate by  exposure  to  warmth,  air,  and  humidity,  affords  the  best  means  of 
studying  the  phenomena  of  germination.  In  preparing  malt,  the  grain 
passes  through  four  distinct  stages,  called  steeping^  couching^  flooring^  and 
kiln-drying.  In  the  first  it  is  steeped  in  water  for  about  two  days,  vvhen  it 
absorbs  moisture,  soflcns,  and  swells  considerably.  It  is  then  removed  to 
the  couch-frame^  where  it  is  laid  in  heaps  30  inches  in  depth  for  from  26  to 
30  hours.  In  this  situation  the  grain  becomes  warm  and  acquires  a  dispo- 
sition to  germinate;  but  as  the  temperature,  in  such  large  heaps,  would 
rise  very  unequally,  and  germination  consequently  be  rapid  in  some  portions 
and  slow  in  others,  the  process  of  flooring  is  employed.  This  consists  in 
laying  the  grain  in  strata  a  few  inches  thick  on  large  airy  but  shaded  floors, 
where  it  remains  for  about  12  or  14  days  until  germination  has  advanced  to 
the  extent  desired  by  the  malstcr.  During  tins  interval  the  grain  is  fre- 
quently turned,  in  order  that  the  temperature  of  the  whole  mass  should  be 
uniform,  that  each  grain  should  be  duly  exposed  to  the  air,  and  that  the 
radicles  of  contiguous  grains  should  not  become  entangled  with  each  other. 
As  soon  as  saccharine  matter  is  freely  developed,  germination  must  be  ar- 
rested ;  since  otherwise,  being  taken  up  as  nutriment  by  the  young  plant,  it 
would  speedily  disappear.  Accordingly,  the  grain  is  removed  to  the  kiln, 
where  it  is  exposed  to  a  temperature  gradually  risin^r  from  100^  to  160^,  or 
rather  higher ;  the  object  being,  first,  to  dr^  the  grain  completely,  and  then 
to  provide  against  any  recurrence  of  germmation  by  destroying  the  vitality 
of  the  plant  The  most  convenient  mode  of  applying  the  heat  is  to  place 
the  grain  on  a  metallic  net^work,  through  which  passes  hot  sir  issuing  fh>m 
a  fire  made  with  good  coke.  The  process  of  malting  is  not  conducted 
during  summer,  because  in  hot  weather  the  grain  u  apt  to  become  mouldy. 
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The  difference  between  malted  and  onmalted  barley  ie  readiljr  perceived 
by  the  taste;  but  it  will  be  more  correctly  appreciated  by  inspecting  the  re- 
sult of  Proust's  comparative  analysis  of  malted  and  onmalted  barley.  (An. 
de  Ch.  et  de  Ph.  ▼.) 


In  100 

In  100 

parts  of  barley. 

parts  of  mah. 

Resin 

1          .        , 

1 

Gum 

4 

.        .        .      15 

Sugar 

.        .        5 

.        .        .      15 

Gluten 

.        3 

.        .        .        1 

Starch 

.        .      32 

.        .      56 

Hordein     . 

.      55 

.      12 

It  is  hence  apparent  that,  during  germination,  the  hordein  is  converted 
Into  starch,  gum,  and  sugar;  so  that  from  an  insoluble  material,  which 
could  not  in  Siat  state  be  applied  to  the  uses  of  the  young  plant,  two  soluble 
and  highly  nutritive  principles  result,  which  by  being  dissolved  in  water  are 
readily  absorbed  by  the  radicle. 

The  chemical  changes  which  take  place  during  germination  have  been 
ably  investigated  by  Saussure,  whose  experiments  are  detailed  in  the  work 
to  which  I  have  already  referred.  The  leading  facts  which  he  determined 
are  the  following: — ^that  oxygen  gas  is  consumed,  that  carbonic  acid  is 
evolved,  and  that  the  volume  of  the  latter  is  precisely  equal  to  that  of  the 
former.  Now  since  carbonic  acid  gas  contains  its  own  volume  of  oxygen, 
it  follows  that  this  gas  must  have  united  exclusively  with  carbon.  It  is 
likewise  obvious  that  the  grain  must  weigh  less  afler  than  before  germina- 
tion, provided  it  is  brought  to  the  same  state  of  dryness  in  both  instances. 
Saussure  indeed  found  that  the  loss  is  greater  than  can  be  accounted  for  by 
the  carbon  of  the  carbonic  acid  which  is  evolved ;  and  hence  he  concluded 
that  a  portion  of  water,  generated  at  the  expense  of  the  grain  itself,  is  dis- 
sipated in  drying.  According  to  Proust,  the  diminution  in  weight  is  about 
a  third ;  but  Dr.  Thomson  affirms  that  in  fifty  processes,  conducted  on  a 
large  scale  under  his  inspection,  the  average  loss  did  not  exceed  one-fiflh. 

Growth  qf  Plants. 

While  a  plant  differs  from  an  animal  in  exhibiting  no  signs  of  perception 
or  voluntarv  motion,  and  in  possessing  no  stomach  to  serve  as  a  receptacle 
Cat  its  food,  there  exists  between  them  a  close  analogy  both  of  parts  and 
functions,  which,  tliough  not  discerned  at  first,  becomes  striking  on  a  near 
examination.  The  stem  and  branches  act  as  a  framework  or  skeleton  for 
the  support  and  protection  of  the  parts  necessary  to  the  life  of  the  individual. 
7^  root  serves!  the  purpose  of  a  stomach  by  imbibing  nutritious  juices 
from  the  soil,  and  thus  supplying  the  plant  with  materials  for  its  growth. 
The  sap  or  circulating  fluid,  composed  of  water  holding  in  solution  saline, 
extractive,  mucilaginous,  saccharine,  and  other  soluble  substances,  rises  up. 
wards  through  the  wood  in  a  distinct  system  of  tabes  called  the  common 
vessels^  which  correspond  in  their  office  to  the  lacteals  and  pulmonary  arte- 
ries of  animals,  and  are  distributed  in  minute  ramifications  over  the  surface 
of  the  leaves.  In  its  passage  through  this  organ,  which  may  be  termed  the 
lungs  of  a  plant,  the  sap  is  fully  exposed  to  the  agency  of  light  and  air,  ex- 
periences a  change  by  which  it  is  more  completely  adapted  to  the  wants  of 
the  vegetable  economy,  and  then  desoends  through  the  inner^  la^er  of  the 
bark  in  another  system  of  tubes  called  the  prober  ve$ael$,  yielding  in  its 
course  all  the  juices  and  principles  peculiar  to  the  plant. 

The  chemical  changes  which  take  place  during  the  circulation  of  the  sap 
are  in  general  of  suoh  a  complicated  nature,  and.ao  much  under  the  control 
of  the  yital  principle,  as  to  elude  the  sagacity  of  the  chemist.  One  part  of 
the  subject,  however,  namely,  the  reciprocal  agency  of  the  atmosphere  and 
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growing  vegetableg  on  each  other,  ftlls  within  the  reach  of  diemical  inquiry, 
and  has  accordingly  been  inveatigated  by  aeveral  philoaophera. 

For  the  leading  ftcts  relative  to  what  is  called  the  retpiration  of  plants, 
or  the  chemical  changes  which  the  leav^  of  growing  vegetables  prodnoe  on 
the  atmosphere,  we  are  indebted  to  Priestley  and  Ingenhousz,  the  former  of 
whom  discovered  that  plants  absorb  carbonic  acid  from  the  air  under  certain 
circumBtancGs,  and  emit  oxygen  in  return ;  and  the  latter  ascertained  that 
this  change  occurs  only  during  exposure  to  the  direct  rays  of  the  sun. 
When  a  healthy  plant,  the  rooto  of  which  are  supplied  with  proper  nourish- 
ment, is  exposed  to  the  direct  solar  beams  in  a  given  quantity  of  atmo. 
spheric  air,  the  carbonic  acid  after  a  certain  interval  is  removed,  and  an 
equal  volume  of  oxygen  is  substituted  for  it  If  a  fresh  portion  of  carbonic 
acid  is  supplied,  the  same  result  will  ensue.  In  like  manner,  Sennebier  and 
Woodhouse  observed,  that  when  the  leaves  of  a  plant  are  immersed  in  water, 
and  exposed  to  the  rays  of  the  sun,  oxygen  gas  is  disengsged.  That  the 
evolution  of  oxygen  in  this  experiment  is  accompanied  with  a  proportional 
absorption  of  carbonic  acid,  is  proved  by  employing  water  deprived  of  car- 
bonic acid  by  boiling,  in  which  case  little  or  no  oxygen  is  procured. 

Such  are  the  changes  induced  by  plants  when  exposed  to  sunshine ;  but 
in  the  dark  an  opposite  effect  ensues.  Carbonic  acid  gas  is  not  absorbed 
under  these  circumstances,  nor  is  oxygen  gas  evolved ;  but,  on  the  contrary, 
oxygen  disappears,  and  carbonic  acid  gas  is  evolved.  In  the  dark,  tlierefore, 
vegetables  deteriorate  rather  than  purify  the  air,  prodQcing  the  same  effect  as 
the  respiration  of  animals. 

The  cause  of  these  opposite  effects  has  been  lately  discussed  by  Professor 
Burnet,  who  has  offered  an  ingenious  explanation,  supported  by  experi. 
ments  which  appear  to  me  satisfactory.  (R.  Inst  Journ.  N.  S.  i.  83.)  He 
considers  that  the  influence  of  vegetation  on  the  atmosphere  is  owin^  not  to 
one  but  to  iioo  functions,  digestion  and  retpiration :  the  latter  is  believed  to 
proceed  at  all  times  as  in  animals  without  intermission,  and  its  uniform 
effect  is  the  production  of  carbonic  acid ;  while  the  former  takes  place  only 
under  the  influence  of  li^ht,  and  gives  rise  to  evolution  of  oxygen  ^s,  and 
the  abstraction  of  carbonic  acid.  A  plant,  exposed  to  sunshine,  purifies  the 
air,  by  absorbing  carbonic  acid  from  the  atmosphere,  as  well  as  that  emitted 
by  its  own  respiration,  and  emits  oxygen  ^s  in  return.  In  the  dark,  diges. 
tion  is  at  a  stand,  and  respiration  continuing  without  intermission,  carbonic 
add  accumulates. 

From  several  of  the  preceding  facts,  it  is  supposed  that  the  oxygen  emit- 
ted by  plants  while  under  the  influence  of  light  is  derived  from  the  carbonic 
acid  which  they  absorb,  and  that  the  carbon  of  that  gras  is  applied  to  the 
purposes  of  nutrition.  Consistently  with  this  view  it  has  been  observed  that 
plants  do  not  thrive  when  kept  in  an  atmosphere  of  pure  oxygen ;  and  it 
was  found  by  Dr.  Percival  and  Mr.  Henry,  that  the  presence  of  a  little  car- 
bonic acid  is  even  fiivourable  to  their  growth.  Saussure,  who  examined  this 
subject  minutely,  ascertained  that  plants  grow  better  in  an  atmosphere 
which  contains  about  one-twelflh  of  carbonic  acid  than  in  common  air,  pro- 
vidcd  they  are  exposed  to  sunshine ;  but  if  that  gas  be  present  in  a  greater 
.proportion,  its  influence  is  prejudicial.  In  an  atmosphere  consisting  of  one- 
half  of  its  volume  of  carbonic  acid,  the  plants  perished  in  seven  days ;  and 
they  did  not  vsgetate  at  all  when  that  gas  was  in  the  proportion  of  two- 
tliirds.  In  the  shade,  the  presence  of  carbonic  acid  is  sJways  detrimental. 
He  likewise  observed  that  the  presence  of  oxygen  is  necessary,  in  order  that 
a  plant  should  derive* benefit  from  admixture  with  carbonic  acid. 

Saussure  is  of  opinion  that  plants  derive  a  lar^  quantity  of  their  carbon 
fh)m  the  carbonic  acid  of  the  atmosphere,  an  opinion  which  receives  great 
weight  from  the  two  following  comparative  experiments.    On  causincr  a 

{»lant  to  vegetate  in  pure  water,  supplied  with  common  air  and  exposed  to 
ight,  the  carbon  of  the  plant  increased  in  quantity ;  but  when  supplied  with 
common  air  in  a  dark  situation,  it  even  lost  a  portion  of  the  carbon  which  it 
had  previously  possessed. 


FOOD  or  PLART8.  686 

JAghi  is  neoeHary  to  the  colour  of  plants.  The  experiments  of  Sennebier 
and  Mr.  Googh  have  shown  that  the  green  ooloar  of  the  leaves  is  not  de- 
veloped, except  when  they  are  in  a  situation  to  absorb  oxygen  and  give  oat 
carbonic  add. 

Though  the  experiments  of  different  philosophers  agree  as  to  the  in- 
fluence of  vegetation  on  the  air  in  sunshine  and  during  the  night,  very  dif- 
ferent opinions  have  been  expressed  both  as  to  the  phenomena  occasioned 
by  diffused  daylight,  and  concerning  the  total  effect  produced  by  plants  on 
the  constitution  of  the  atmosphere.  Priestley  found  that  air,  vitiated  by 
combustion  or  the  respiration  of  animals,  and  left  in  contact  for  several 
days  and  nights  with  a  sprig  of  mint,  was  gradually  restored  to  its  original 
purity ;  and  hence  he  inferred  that  the  oxygen  gas,  consumed  during  these 
and  various  other  processes,  is  restored  to  the  mass  of  the  atmosphere  by 
the  affency  of  growing  vegetables.  This  doctrine  was  confirmed  by  the  re- 
searches of  Ingenhousz  and  Saussure,  who  found  that  the  quantity  of  oxy- 
gen evolved  from  plants  by  day  exceeds  that  of  carbonic  acid  emitted  during 
the  night ;  and  Davy  arrived  at  the  same  conclusions  as  Priestley.  But  an 
opposite  opinion  has  been  supported  by  Mr.  Ellis,  who,  from  an  extensive 
series  of  experiments,  contrived  with  much  sagacity,  inferred  that  growing 
plants  give  out  oxygen  only  in  direct  sunshine,  while  at  other  times  they 
absorb  it ;  that  when  exposed  to  the  ordinary  vicissitudes  of  sunshine  and 
shade,  light  and  darkness,  they  form  more  carbonic  acid  in  the  period  of  a 
day  and  night  than  they  destroy ;  and,  consequentlv,  that  the  general  effect 
of  vegetation  on  the  atmosphere  is  the  same  as  tnat  produced  by  animals. 
(Ellis's  Researches  and  Farther  Inquiries  on  Vegetation,  ^c.) 

The  recent  experiments  of  Dr.  Daubeny  appear  decisive  of  this  question. 
He  has  convinced  himself  that  in  fine  weather  a  plant  consisting  chiefly  of 
leaves  and  stems,  if  confined  in  the  same  portion  of  air  night  and  day,  and 
duly  supplied  with  carbonic  acid  gas  during  the  suneliine,  will  go  on  adding 
to  the  proportion  of  oxygen  present,  so  long  as  it  continues  healthy,  at  least 
up  to  a  certain  point,  the  slight  diminution  of  oxy^n  and  increase  -of  car- 
bonic acid  which  takes  place  during  the  night,  beanng  no  considerable  ratio 
to  the  degree  in  which  the  opposite  effect  occurs  by  day.  He  accounts  for 
the  discordance  between  his  own  results  and  those  o'f  Mr.  Ellis,  by  his  hav- 
ing carefully  removed  the  plants  from  the  experimenting  jar  immediately 
they  began  to  suffer  from  the  heat  or  ccmfinement,  and  conducted  the  expe- 
riments on  a  larger  and  more  suitable  scale.  (Reports  of  the  British  Asso- 
ciation for  1834,  436.) 

Food  of  Plants. 

The  chief  source  from  which  plants  derive  the  materials  fer  their  growth 
is  the  soiL  However  various  the  composition  of  the  soil,  it  consists  essen- 
tially of  two  parts,  so  far  as  its  solid  constituents  are  concerned.  One  is  a 
certain  quantity  of  earthy  matters,  such  as  siliceous  earth,  clay,  lime,  and 
sometimes  magnesia ;  and  the  other  is  formed  from  the  remains  of  animal 
and  vegetable  substances,  which,  when  mixed  with  tlie  former,  constitute 
common  mould.  A  mixtuns  of  this  kind,  moistened  by  rain,  affords  the  pro- 
per nourishment  of  plants.  The  water,  percolating. through  the  mould,  dis- 
solves the  soluble  salts  with  which  it  comes  in  contact,  together  with  the 
gaseous,  extractive,  and  other  matters  which  are  formed  durm^  the  decom- 
position of  the  animal  and  vegetable  remains.  In  this  state  it  is  readily  ab- 
sorbed by  the  roots,  and  conveyed  as  sap  to  the  leaves,  where  it  undergoes 
a  process  of  assimilation. 

But  though  this  is  the  natural  process  by  which  plants  obtain  the  greater 
part  of  their  nourishment,  and  without  which  they  do  not  arrive  at  perfect 
maturity,  they  may  live,  grow,  and  even  increase  in  weight,  when  wholly 
deprived  of  nutriUon  from  this  source.  Thus  in  the  experiment  of  Saussure, 
already  described,  sprigs  of  peppermint  were  found  to  vegetate  in  distilled 
^ater ;  and  it  is  well  known  that  many  pkmts  grow  when  merely  suspended 
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in  the  air.  In  the  hoi-hoaBes  of  the  hotanical  garden  of  Edinburgh  for  ex- 
ample, there  are  two  planti,  epeciee  of  the  fig-tree,  the  Fieu$  atutralU  and 
Ficu8  eUuliea,  the  latter  of  which,  as  Dr.  Graham  informs  me,  has  been 
■Qspended  for  ten,  and  the  former  for  nearly  sixteen  years,  during  which 
time  they  ha^e  continued  to  send  out  shoots  and  leaves. 

Before  scientific  men  had  learned  to  appreciate  the  infloenoe  of  atmo- 
Bpheric  air  on  vegetation,  the  increase  of  carbonaceous  matter,  which  occurs 
in  some  of  these  instances,  was  supposed  to  be  derived  from  water,  an 
opinion  naturally  suggested  by  the  important  offices  performed  by  this  fluid 
in  the  vegetable  economy.  Without  water' plants  speedily  wither  and  die. 
It  gives  Uie  soft  parts  that  degree  of  succulence  necessary  for  the  perform- 
ance of  their  functions ;:— it  affords  two  elements,  oxygen  and  hydrogen, 
which  either  as  water,  or  under  some  other  form,  are  contained  in  all  vege- 
table products ;— and,  lastly,  the  roots  absorb  from  the  soil  those  substances 
only,  which  are  dissolved  or  suspended  in  water.  So  carefully,  indeed,  has 
nature  provided  against  the  chance  of  deficient  mouture,  that  the  leaves  are 
endowed  with  a  property  both  of  absorbing  aqueous  vapour  directly  fi-om 
the  atmosphere,  and  of  lowering  their  temperature  during  the  night  by  ra- 
diation so  as  to  cause  a  deposition  of  dew  upon  their  surface,  in  conse- 
quence of  which,  during  the  driest  seasons  and  in  the  warmest  climates, 
they  frequently  continue  to  convey  this  fluid  to  the  plant,  when  it  can  no 
longer  be  obtained  in  sufficient  quantity  firom  the  soil  But  necessary  as 
water  is  to  vegetable  life,  it  cannot  yield  to  plants  a  principle  which  it  does 
not  possess.  The  carbonaceous  matter  which  accumulates  in  plants,  under 
the  circumstances  above  mentioned,  may,  with  every  appearance  of  justice, 
be  referred  to  the  atmosphere ;  since  we  know  tfaiat  carbonic  acid  exists 
there,  and  that  girowing  vegetables  have  the  property  of  taking  carbon  from 
that  gas. 

When  plants  are  incinerated,  their  ashes  are  found  to  contain  saline  and 
earthy  matters,  the  elements  of  which,  if  not  the  compounds  themselves,  are 
supposed  to  be  derived  from  the  soil.  Such  at  least  is  the  view  dedocible 
firom  the  researches  of  Saussnre,  and  which  might  have  been  anticipated  by 
reasoning  on  chemical  principles.  The  experiments  of  M.  Scbrader,  how- 
ever, lead  to  a  different  conclusion.  He  sowed  several  kinds  of  grain,  such 
as  barley,  wheat,  rye,  and  oats,  in  pure  flowers  of  sulphur,  and  supplied  the 
shoots  as  they  grew  with  nothing  but  air,  light,  and  distiUed  water.  On  in- 
cinerating  the  plants,  thus  treated,  they  yieEled  a  greater  quantity  of  saline 
and  earthy  matters  than  were  originally  present  in  the  seeds. 

These  results,  supposing  them  accurate,  may  be  accounted  for  in  two 
ways.  It  may  be  supposed,  in  the  first  place,  that  the  foreign  matters  were 
introduced  accidentally  from  extraneous  sources,  as  by  fine  particles  of  dust 
floating  in  the  atmosphere;  or,  secondly,  it  may  be  conceived,  that  they  were 
derived  from  the  sulphur,  air,  and  water,  with  which  the  plants  were  sup- 
plied. If  the  latter  opinion  be  adopted,  we  most  infor  either  that  the  vital 
principle,  which  certainly  controls  chemical  affinity  in  a  surprising  manner, 
and  directs  this  power  in  the  production  of  new  compounds  from  elementary 
bodies,  may  likewise  convert  one  element  into  another ;  or  that  some  of  thie 
substances,  supposed  by  chemists  to  be  simple,  such  as  oxygen  and  hydro* 
gen,  are  compounds,  not  of  two,  bat  of  a  variety  of  different  principles.  As 
these  conjectures  are  without  fbundation,  and  are  utterly  at  variance  with 
the  facts  and  principles  of  the  science,  I  do  not  hesitate  in  adopting  the  more 
probable  opinion,  that  the  experiments  of  M.  Scbrader  were  influenced  by 
some  source  of  error  which  OBcaped  detection. 
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ANIMAL  CHEMISTRY. 

All  distinct  oompoonds,  which  tre  derired  from  the  bodies  of  animali, 
wee  called  proximaU  ammal  principles.  They  are  distiDguished  from  inor- 
ganic matter  by  the  characters  stated  in  the  introduction  to  organic  chemis- 
try, llie  circamstances  which  serre  to  distinguish  them  from  vegetable 
matter  are,  the  presence  of  nitrocen,  their  strong  tendency  to  putrefy,  and 
the  highly  offensive  products  to  which  their  spontaneous  decomposition  gives 
rise.  It  should  be  remembered,  however,  that  nitrogen  is  likewise  a  consti- 
tuent  of  many  vegetable  substances;  though  few  of  these,  the  ve|reto-animal 
principles  except^  (page  568),  are  prone  to  suffer  the  putrefiictive  fermen- 
tation. It  is  likewise  remarkable  that  some  compounds  of  animal  oriffin, 
such  as  cholesterine  and  the  oils,  do  not  contain  nitrogen  as  one  of  their 
elements,  and  are  not  disposed  to  putrefy. 

The  essential  constituents  of  animal  compounds  are  carbon,  hydrogen, 
oxygen,  and  nitrogen,  besides  which  some  of  them  contain  phosphorus,  sul- 
phur, iron,  and  earthy  and  saline  matters  in  small  quantity.  Owing  to  the 
presence  of  sulphur  and  phosphorus,  the  process  of  putrefiiction,  which  will 
be  particularly  described  hereafler,  is  firequently  attended  with  the  disengage- 
ment of  hydrosulphuric  acid  and  phosphuretted  hydrogen  gases.  When 
heated  in  close  vessels,  they  yield  water,  carbonic  oxide,  carburetted  hydro- 
gen,  probably  free  nitrogen  and  hydrogen,  carbonate  and  hydrocyanate  of 
ammonia,  and  a  peculiarly  fetid  thick  on.  The  carbonaceous  matter  left  in 
the  retort  is  less  easily  burned,  and  is  more  effectual  as  a  decolorizing  agent, 
than  charcoal  derived  from  vegetable  matter. 

The  principle  of  the  methcM  of  analyzing  animal  substances  has  already 
been  mentioned  (page  495). 

In  describing  the  proximate  animal  principlee,  the  number  of  which  is  far 
less  consideraUo  than  that  of  vegetable  compounds,  the  arrangement  sug- 
gested by  Gay.Lussac  and  Thenard  in  their  Reehereheg  Phytico-ChifniqueSj 
and  followed  by  Thenard  in  his  System  of  Chemistry,  has  been  adopted. 
The  animal  compounds  are  accordingly  arranged  in  three  sections.  The 
first  contains  substances  which  are  neither  acid  nor  oleaginous ;  the  second 
comprehends  the  animal  acids ;  and  the  third  includes  me  animal  oils  and 
fats.  Several  of  the  principles  belonging  to  the  first  division,  such  as  fibrin, 
albumen,  gelatin,  caseous  matter,  and  urea,  were  shown  by  Gay.Lussac  and 
Thenard  to  have  several  points  of  similarity  in  their  composition.  The^  all 
contain,  for  example,  a  large  quantity  of  carbon,  and  their  hydrogen  is  in 
such  proportion  as  to  convert  all  their  oxygen  into  water,  and  their  nitrogen 
into  ammonia.  No  general  laws  have  been  established  relative  to  the  con- 
stitution of  the  compounds  comprised  in  the  other  sections. 


PROXIMATE  ANIMAL  SUBSTANCES. 

SECTION  I.- 
SUBSTANCES  WHICH  ARE  NEITHER  ACID  NOR  OLEAGINOUS. 

Fibrin. 

FiBRU«  enters  largely  into  the  composition  of  the  blood,  and  is  the  basis  of 
the  muscles ;  it  may  be  regarded,  therefore,  as  one  of  the  most  abundant  of 
the  animal  principles.  It  is  most  conveniently  procured  by  stirring  recently 
drawn  blood  with  a  stick  during  its  coagulation,  and  then  washing  the  ad- 
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herioff  fibret  with  water  until  they  are  pprfeetly  white.  U  ma^  also  be  ob- 
tainea  from  lean  beef  cut  into  small  slices,  the  soluble  parts  being  removed 
by  digestion  in  several  successive  portions  of  water. 

Fibrin  is  solid,  white,  insipid,  and  inodorous.  When  moist  it  is  aomewhat 
elastic,  but  on  drying,  it  becomes  hard,  brittle,  and  semi-transparent.  In  a 
moist  warm  sitoation  it  readily  patrefies.  It  is  insoluble  in  water  at  com- 
mon temperatures,  and  is  dissolved  in  very  minute  quantity  by  the  eontinned 
action  of  boiling  water.  Alcohol,  of  specific  mvitv  0.81,  converts  it  into  a 
fluty  adipocirous  matter,  which  is  soluble  in  idcohof  and  ether,  but  is  preci- 
pitated by  water. 

The  action  of  acids  on  fibrin  has  been  particularly  described  by  Berxelhis. 
(Medico-Chir.  Trans,  iii.  301.)  Digested  in  concentrated  acetic  acid,  fibrin 
swells  and  becomes  a  bulky  tremulous  jelly,  which  dissolves  completely, 
with  disengagement  of  a  little  nitrogen,  in  a  considerable  quantity  of  hot 
water. 

By  the  action  of  nitric  acid  of  specific  gravity  li25,  aided  by  heat,  on 
fibrin,  a  yellow  solution  is  formed  with  disengagement  of  a  larffe  quantity  of 
nearly  pure  nitrogen,  in  which  Berzelius  could  not  detect  the  least  trace  of 
binoxide  of  nitrogen.  Afler  digestion  for  24  hours,  a  pale  yellow  pulverulent 
substance  is  deposited,  which  Fourcroy  and  Vauquelin  described  as  a  new 
acid  under  the  name  of  yellow  acid.  According  to  Berzelius,  however,  it  is 
a  compound  of  modified  fibrin  and  nitric  acid,  together  with  some  malic  and 
nitrous  acids.  It  likewise  contains  some  fatty  matter,  which  may  be  re- 
moved  by  alcohol.  The  origin  of  the  nitrogen  which  is  disengaged  in  the 
beginning  of  the  process  is  somewhat  obscure.  From  the  total  absence  of 
binoxide  of  nitrogen,  it  is  probable  that  in  the  early  stages  very  little,  if  any, 
of  the  nitric  acid  is  'decomposed,  and  that  the  nitrogen  gas  is  solely  or  chiefly 
derived  from  the  fibrin. 

Dilate  hydrochloric  acid  hardens  without  dissolving  fibrin,  and  the  strong 
acid  decomposes  it.  The  action  of  sulphuric  acid,  according  to  Braconnot, 
is  very  peculiar.  When  fibrin  is  mixed  witli  its  own  weight  of  concentrated 
sulphuric  acid,  a  perfect  solution  ensues,  without  change  of  colour,  or  discn- 

gagement  of  sulphurous  acid.  On  diluting  with  water,  boiling  for  nine 
ours,  and  separating  the  acid  by  means  of  chalk,  (he  filtered  solution  was 
found  to  contain  a  peculiar  white  matter,  to  which  Braconnot  has  applied 
the  name  of  leucine,  (An.  de  Cb.  et  de  Ph.  xiii.)  Digested  in  strong  sul- 
phuric acid,  a  dark  reddish-brown,  nearly  black,  solution  is  formed,  and  the 
fibrin  is  carbonized  and  decomposed. 

Fibrin  is  dissolved  by  pure  potassa,  and  is  thrown  down  when  tho  solution 
is  neutralized.    The  fibrin  thus  precipitated,  however,  is  partially  changed, . 
since  it  is  no  longer  soluble  in  acetic  acid.    It  is  soluble  likewise  in  am- 
monia. 

The  following  is  a  tabular  view  of  the  composition  in  100  parts  of  fibrin, 
albumen,  gelatin,  and  urea : — 


Fibrin     . 

Albumen 

Gelatin    . 
Urea  .    . 


Carbon. 
.    53.36 

)  52.883 

^50 

.    47.881 
.    19.99 


7.54           15.705 
7.78          15.55 
7.914        16.998 
&66          46.66 

Oxygen. 

19.685  Gay-L.  and  Thenard. 
23.872  Ditta 
26.67    Prout 

27507  Gay-L.  and  Thenard. 
26.66    ProuL 

•Albumen. 

Albumen  enters  largely  into  the  composition  both  of  animal  fluids  and 
solids.  Dissolved  in  water  it  forms  an  essential  constituent  of  the  serum  of 
the^  blood,  the  liquor  of  the  serous  cavities,  and  the  fluid  of  dropsy ;  and  in  a 
solid  state  it  is  contained  in  several  of  the  textures  of  the  body,  such  as  the 
cellular  membrane,  the  skin,  glands,  and  vessels.  From  this  it  appears  that 
albumen  exists  under  two  forms,  liquid  and  solid. 


tagfud  albomtti  ia  tiest  procured  from  the  white  of  vg^grg,  which  oonsiatB 
ftlnuwt  solely  of  thia  principle,  united  with  water  and  free  soda,  and  mixed 
with  a  small  quantity  of  Baline  matter.  In  this  state  it  is  a  thick  glairy 
fluid,  insipid, 'inodorous,  and  easily  miscible  with  cold  water,  in  a  sufiicient 
quantity  of  wiiich  it  is  completely  dissolved.  When  exposed  in  thin  iayers 
to  a  current  of  air  it  dries,  and  becomes  a  solid  and  transparent  substance, 
which  retains  its  solubility  in  water,  and  ma^  be  preserved  for  any  length  of 
time  without  change;  but  if  kept  in  its  fluid  condition  it  readily  putrefies. 
From  the  free  soda  which  they  coatain,  albuminous  liquids  have  always  an 
alkaline  reatction. 

Liquid  albumen  is  coagulated  by  heat,  alcohol,  and  the  stronger  acids. 
Undiluted  albumen  is  coagulated  by  a  temperature  of  160^,  and  when 
diluted  with  water  at  312^  F.  Wnter  which  conUins  only  l-lOOOth  of  its 
weight  of  albumen  is  rendered  opaque  bv  boiling.  (Bostock.)  On  this  pro- 
perty is  founded  the  method  of  clariiy mg  by  means  of  albuminous  solu- 
tions ;  for  the  albumen  bein^  coagulated  by  beat,  entangles  in  its  substance 
all  the  foreign  particles  which  are  not  actually  dissolved,  and  carries  them 
with  it  to  the  surface  of  the  liquid.  The  character  of  being  coagulated  by 
hot  water  distinguishes  albumen  from  all  other  animal  fluids. 

The  acids  differ  in  their  action  on  albumen.  The  sulphuric,  hydrochlo- 
ric,  nitric,  and  tannic  acids  coagulate  it ;  and  in  each  case,  some  of  the  acid 
is  retained  by  the  albumen.  It  is  precipitated  also  by  metaphosphoric  acid, 
but  not  by  the  phosphoric  or  pyrophosphoric  (page  204).  The  solution  of 
albumen  is  not  precipitated  at  all  by  acetic  acid.  By  maceration  in  dilute 
nitric  acid  for  a  month,  it  is  converted,  according  to  Mr.  Hatchctt,  into  a 
substance  soluble  in  hot  water,  and  possessed  of  the  leading  properties  of 
gelatin.  Digested  in  strong  sulphuric  acid,  the  coagulum  is  dissolved,  and 
a  dark  solution  is  formed  similar  to  that  produced  by  the  same  acid  on 
fibrin;  but  if  the  heat  be  applied  very  cautiously,  the  liquid  assumes  a  beau- 
tiful red  colour.  This  property  was  discovered  some  years  ago  by  Dr.  Hope, 
who  informs  me  that  the  experiment  does  not  always  succeed,  the  result 
being  ii^fluenced  by  very  slight  causes. 

Albumen  is  precipitated  by  several  reagents,  especially  by  metallic  salts. 
Of  these  the  most  delicate  as  a  test  is  corrosive  sublimate,  which  causes  a 
milkiness  when  the  albumen  is  diluted  with  2000  parts  of  water.  The  pre- 
cipitate, as  stated  at  page  398,  is  generally  considered  as  a  compound  of 
calomel  and  albumen;  but  a  late  analysis  by  Rose  has  proved  that  it  con- 
sists of  oxide  of  mercury  and  albumen  (Pog.  Ann.  xxviii.  132).  Other 
metallic  solutions,  such  as  the  chlorides  of  tin  and  iron,  subacetate  of  oxide 
of  lead,  smd  the  sulphates  of  alumina  and  oxide  of  copper,  also  precipitate 
albumen;  the  precipitate  in  every  case  consists,  according  to  Rose,  of  a 
metallic  oxide  united  with  albumen.  All  these  precipitates,  not  excepting 
that  from  corrosive  sublimate,  dissolve  in  an  excess  of  albumen,  and  most 
of  them  are  soluble  in  an  excess  of  the  metallic  salt  Ferrocyanuret  of 
potassium  is  a  test  for  albumen  equally  delicate  as  corrosive  sublimate,  if 
not  more  so,  provided  acetic  acid  is  ■  previously  added  to  neutralize  the 
alkali. 

When  an  albuminous  liquid  is  exposed  to  the  agency  of  galvanism,  pure 
soda  makes  its  appearance  at  the  negative  wire,  and  the  albumen  coagulates 
around  that  which  is  in  connexion  with  the  positive  pole  of  the  battery. 
Mr.  Brande,*  who  first  observed  this  phenomenon,  ascribes  it  to  the  separa- 
tion  of  free  soda,  upon  which  he  supposes  the  solubility  of  albumen  in 
water  to  depend;  but  Lassaignef  attributes  it  to  the  decomposition  of  chlo- 
ride of  sodium  and  the  developement  of  acid,  which  coagulates  the  albumen. 
However  this  may  be,  galvanism  is  one  of  the  most  degant  and  delicate 
tests  which  we  possess  of  the  presence  of  albumen  in  animal  fluids. 

Chemiits  aie  not  agreed  as  to  the  cause  of  the  coagulation  of  albumen  by 
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alcohol  and  heat  The  explanation  uauaHy  given  ia  that  propoaed  by  Dr. 
TbomBon,  who  aicribea  the  solubility  of  albumen  to  the  presence  of  free 
soda,  and  its  coagulation  to  the  removal  of  the  alkali.  To  this  hypothesis 
Dr.  Bostock  objects,  and  with  justice,  that  albuminous  liquids  do  not  contain 
a  sufficient  quantity  of  free  alkali  for  the  purpose  (Medico-Chir.  Trans,  ii. 
175).  Were  I  to  hazard  an  opinion  on  this  subject,  it  would  be  the  follow, 
ing : — ^that  albumen  combines  directly  with  water  at  the  moment  of  being 
secreted,  at  a  time  when  its  particles  are  in  a  state  of  minute  division;  but 
as  its  affinity  for  that  liquid  is  very  feeble,  the  compound  is  decomposed  by 
sliffht  causes,  and  the  albumen  tliereby  rendered  quite  insoluble.  Silicic 
acid  affords  an  instance  of  a  similar  phenomenon.   (Page  325.) 

Albumen  coagulates  without  appearing  to  undergo  any  change  of  compo- 
sition, but  it  is  quite  insoluble  in  water,  and  is  less  liable  to  putrefy  than  in 
its  liquid  state.  It  is  dissolyed  by  alkalies  with  disengagement  of  ammo- 
nia, and  is  precipitated  from  its  solution  by  acids.  In  the  coagulated  state 
it  bears  a  very  close  resemblance  to  fibrin,  and  is  with  difficulty  distinguish, 
ed  from  it  Alcohol,  ether,  acids,  and  alkalies,  according  to  Berzelius,  act 
upon  each  in  the  same  manner.  He  observes,  however,  ^at  acetic  acid  and 
ammonia  dissolve  fibrin  more  easily  than  coagulated  albumen.  According 
to  Thenard,  they  are  readily  distinguished  by  means  of  binoxide  df  hydro- 
gen,  from  which  fibrin  causes  evolution  of  oxygen,  while  albumen  has  no 
action  upon  it 

Gelatin, 

Gelatin  exists  abundantly  in  many  of  the  solid  parts  of  the  body,  espe- 
cially in  the  skin,  cartilages,  tendons,  membranes,  ond  bones.  According 
to  Berzelius,  it  is  not  contained  in  any  of  the  healthy  animal  fluids ;  and 
Dr.  Bostock,  with  respect  to  the  blood,  has  demonstrated  the  accuracy  of 
this  statement   (Medico-Chir.  Trans,  vol.  i.  and  ii.) 

Gelatin  is  distinguished  from  all  animal  principles  by  its  ready  solubility 
in  boiling  water,  and  by  the  solution  forming  a  bulky,  scmitronsparent, 
tremulous  jelly  as  it  cools.  Its  tendency  to  gelatinize  is  such,  that  one  part 
of  gelatin,  di^siolvcd  in  100  parts  of  water,  Incomes  solid  in  cooling.  This 
jelly  is  a  hydrate  of  gelatin,  and  contains  so  much  water,  that  it  readily 
liquefies  when  warmed.  On  expelling  the  water  by  a  gentle  heat,  a  brittle 
mass  is  1cf\,  which  retains  its  solubility  in  hot  water,  and  may  be  preserved 
for  any  lenorth  of  time  without  change.  Jelly,  on  the  contrary,  soon  be- 
comes  acid  by  keeping,  and  then  putrefies. 

The  common  gelatin  of  commerce  is  the  Well-known  cement  called  glue^ 
which  is  prepared  by  boiling  cuttings  of  parchment,  or  the  skins,  ears,  and 
hoofs  of  animalfl,  and  evaporating  the  solution :  it  may  also  be  prepared 
from  bones.  Isinglass,  which  is  the  purest  variety  of  gelatin,  is  prepared 
from  the  sounds  of  fish  of  the  genus  acipenser  especially  from  the  sturgeon. 
The  animal  jelly  of  the  confectioners  is  made  from  the  feet  of  calves,  the 
tendinous  and  ligamentous  parts  of  which  yield  a  large  quantity  of  gelatin. 

Gelatin  is  insoluble  in  alcohol,  but  is  dissolved  readily  by  most  of  the 
diluted  acids,  which  form  an  excellent  solvent  for  it  Mixed  with  twice  its 
weight  of  concentrated  sulphuric  acid,  it  dissolves  without  being  charred; 
and  on  diluting  tlie  solution  with  water,  boiling  for  several  hours,  separating 
the  acid  by  means  of  chalk,  and  evaporating  the  filtered  liquid,  a  peculiar 
saccharine  principle  is  deposited  in  crystals.  This  substance  has  a  sweet 
taste,  somewhat  like  that  of  the  sugar  of  grapes,  is  soluble  in  water,  though 
less  so  than  common  sugar,  and  is  insoluble  in  alcohol.  When  heated  to 
redness,  it  yields  ammonia  as  one  of  the  products,  a  circumstance  which 
shows  that  it  contains  nitrogen.  Mixed  with  yeast,  its  solution  does  not 
undergo  the  vinous  fermentation;  and  it  combines  directly  with  nitric  acid.. 
It  is  hence  apparent  that,  though  possessed  of  a  sweet  taste,  it  differs  en. 
tirely  fVom  sugar.  This  substance  was  discovered  by  Braconnot  (An.  de 
Ch.  et  de  Ph.  vol.  xiU.) 
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GelatiD  is  dinohed  by  the  liquid  alkalies,  and  the  sdution  is  not  precipi- 
tated by  acids. 

Gelatin  manifests  little  tendency  to  unite  with  metallic  oxides.  Corrosive 
sublimate  and  sabacetatc  of  oxide  of  lead  do  not  occasion  any  precipitate  in 
a  solution  of  gelatin,  and  the  salts  of  tin  and  silver  affect  it  very  slif  btly. 
The  best  precipitant  for  it  is  tannic  acid.  By  means  of  an  infusion  of  gafi- 
nats,  Dr.  Bostock  detected  the  presence  of  gelatin  when  mixed  with  5000 
times  its  weight  of  water ;  and  its  quantity  may  even  be  estimated  approx. 
imately  by  this  reagent  (page  515).  But  since  other  animal  substances,  as 
for  example  albumen,  are  precipitated  by  tannic  acid,  it  cannot  be  relied  on 
as  a  test  of  gelatin.  The  best  character  for  this  substance  is  that  of  solu- 
bility in  hot  water,  and  of  forming  a  jelly  as  it  cools. 

Urea. 

Urea  is  procured  by  evaporating  fresh  urine  to  the  consistence  of  a  syrup, 
and  then  gradually  adding  to  it,  when  quite  cold,  pure  concentrated  nitric 
acid,  which  should  be  free  from  nitrous  acid,  till  the  whole  becomes  a  dark- 
coloured  crystallized  mass,  which  is  to  be  repeatedly  washed  with  ice-cold 
water,  and  tlien  dried  by  pressure  between  folds  of  bibulous  paper.  To  the 
nitrate  of  urea,  thus  procured,  a  pretty  strong  solution  of  carbonate  of 
potassa  is  added,  until  the  acid  is  neutralized;  and  (he  solution  is  ailerwards 
concentrated  by  evaporation,  and  set  aside,  in  order  that  the  nitre  may  sepa^ 
rate  in  crystals.  Dr.  Prout  recommends  that  the  residual  liquid,  which  is 
an  impure  solution  of  urea,  should  be  made  up  into  a  thin  paste  with  animal 
charcoal,  and  be  allowed  to  remain  in  tliat  state  for  a  few  hours.  The  paste 
is  then  mixed  with  cold  water,  which  takes  up  the  urea,  while  the  colouring 
matter  is  retained  by  the  charcoal;  and  the  colourless  solution  is  evaporated 
to  dryness  at  a  low  temperature.  The  residue  is  then  boiled  in  pure  alco- 
hol, by  which  the  urea  is  dissolved,  and  from  which  it  is  deposited  in  crys- 
tals on  cooling.  (Mcdico-Chir.  Trans,  viii.  529.)  In  order  to  obtain  them 
quite  colourless,  it  is  necessary  to  redissolve  in  alcohol,  and  crystallize  a 
second  or  even  a  third  time. 

The  crytals  of  pure  urea  are  transparent  and  colourless,  of  a  slight 
pearly  lustre,  and  have  commonly  tlie  form  of  a  four.sided  prism.  It  leaves 
a  sensation  of  coldness  on  the  tongrue  like  nitre,  and  its  smell  is  faint  and 
peculiar,  but  not  urinous.  Its  specific  gravity  is  about  1.35.  It  does  not  affect 
the  colour  of  litmus  or  turmeric  paper.  In  a  moist  atmosphere  it  deliquesces 
slightly;  but  otherwise  it  undergoes  no  chan^  on  exposure  to  the  air. 
(Prout.)  It  is  fused  at  248°,  and  at  a  rather  mgher  temperature  it  is  de- 
composed, being  resolved  chieflv  into  carbonate  of  ammonia  and  cvanuric 
acid,  the  latter  of  which,  if  the  heat  be  not  incautiously  raised,  is  left  in  the 
retort  (Page  273.) 

Water  at  60°  dissolves  more  than  its  own  weight  of  urea,  and  boiling  wa- 
ter takes  up  an  unlimited  quantity.  It  requires  for  solution  about  five  times 
its  weight  of  alcohol  of  specific  gravity  0.816  at  60°,  and  rather  less  than 
its  own  weight  at  a  boiling  temperature.  The  aqueous  solution  of  pure 
urea  may  be  exposed  to  the  atmosphere  for  several  months,  or  be  heated  to 
the  boiling  point,  without  change ;  but,  on  the  contrary,  if  the  other  oon- 
stituents  of  urine  are  present,  it  putrefies  with  rapidity,  and  is  decomposed 
by  a  temperature  of  212°,  beiog  almost  entirely  resolved  into  carbonate  of 
ammonia  by  continued  ebullition. 

The  pure  fixed  alkalies  and  alkaline  earths  decompose  urea,  especially 
by  the  aid  of  heat,  carbonate  of  ammonia  being  the  chief  product 

Though  urea  has  not  any  distinct  alkaline  properties,  it  unites  with  the 
nitric  and  oxalic  acids,  fbrming  sparingly  soluble  compounds,  which  crys- 
taUiie  in  scales  of  a  pearly  lustre.  This  property  affords  an  excellent  test 
of  the  presence  of  urea.  Both  compounds  have  an  acid  reaction,  and  the 
nitrate  consists  of  54.15  parU  or  one  equivalent  of  nitric  acid,  and  60.54^ 
ports  or  one  equivalent  of  urea. 
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Urea  hu  been  careftilly  analyzed  by  Dr.  Ptont,  and  the  accuracy  of  his 
analysis  is  amply  attested  by  the  late  researches  of  Liebig  and  Wohler.  Its 
equivalent  is  60^4 ;  and  its  elements,  as  already  explained  (page  271),  are 
in  precisely  the  same  ratio  as  the  hydratcd  cyanate  of  ammonia- 

A  singular  instance  of  the  artificial  production  of  area  has  been  noticed 
by  Wohler.  It  is  formed  by  the  action  of  ammonia  on  cyanogen,  as  also 
by  dh-ect  contact  of  cyanic  acid  and  ammonia ;  but  the  brat  mode  of  pre- 
paring it  is  by  decomposing  cyanate  of  oxide  of  silver  with  hydrocfalorate 
of  ammonia,  or  cyanate  of  oxide  of  lead  with  anmionia,  the  action  being 
promoted  by  a  gentle  heat  In  the  last  case,  oxide  of  lead  is  set  free,  and 
the  only  other  product  appears  in  colourless,  transparent,  four-rided,  rect- 
angular crystals.  These  crystals,  judging  by  the  mode  of  preparation,  must 
be  cyanate  of  ammonia ;  but  yet  no  ammonia  is  evolved  from  them  by  tlie 
action  of  potassa :  the  stronger  acids  do  not,  as  with  other  cvanates,  cause 
an  evolution  of  carbonic  and  cvanic  acids ;  nor  do  they  yield  precipitates 
with  salts  of  lead  and  silver.  In  fact,  though  procured  by  the  mutual  ac 
tion  of  cyanic  acid  and  ammonia,  and  containing  the  very  same  elements 
(page  271),  the  characters  above  mentioned  do  not  indicate  the  presence  of 
either;  but  on  the  contrary  the  crystals  agree  with  urea  obtained  from 
urine  in  composition  and  in  all  their  chemical  properties.  (Journal  of 
Science,  N.  S.  iii.  491.)  The  cyanic  acid  above  referred  to  is  that  disoo^ 
vercd  by  Wohler. 

Sugar  of  Milk  and  Sugar  of  Diabetes, 

Sugar  of  MUk. — ^The  saccharine  principle  of  milk  is  obtained  firom  whey 
by  evaporating  that  liquid  to  the  consistence  of  syruj>,  and  allowing  it  to 
cod.  It  is  afterwards  purified  by  means  of  albumen  and  a  second  crystal- 
lization. 

The  sugar  of  milk  has  a  sweet  taste,  though  less  so  than  the  sngar  of  the 
cane,  from  which  it  differs  essentially  in  several  other  respects.  Thus  it  re- 
quires seven  parts  of  cold  and  four  of  boiling  water  for  solution,  and  is  in- 
soluble in  alcohol.  It  is  not  susceptible  of  undergoing  the  vinous  fermenta- 
tion ;  and  when  digested  with  nitric  acid  it  yields  saccholactic  acid,  a 
property  first  noticed  by  Scheele,  and  which  distinguishes  the  saccharine 
principle  of  milk  fi-om  every  other  species  of  sugar.  Like  starch,  it  is  con- 
vertible into  real  sugar  by  being  boiled  in  water  acidulated  with  snlphurio 
acid. 

Sugar,  of  milk  contains  no  nitrogen,  and  according  to  the  analysis  of  Gay- 
LuBsac  and  Thenard,  is  very  analogous  to  common  sugar  in  the  proportion 
of  it9  elements. 

Sugar  of  Diabetes, — In  the  disease  called  diahetet  the  urine  contains  a  pe- 
culiar saccharine  matter,  which,  when  properly  purified,  appears  identical 
both  in  properties  and  composition  with  vegetable  sugar,  approaching  nearer 
to  the  sugar  of  grapes  than  that  from  the  sugar-cane.  This  kind  of  eu^Et 
is  obtained  in  an  irregularly  crystalline  mass  by  evaporating  diabetic  urine 
to  the  consistence  of  syrup,  and  keeping  it  in  a  warm  place  lor  several  days. 
It  is  purified  by  washing  the  mass  with  alcohol,  either  cold  or  at  most  gen- 
tly tieated,  till  that  liquid  comes  off  colourless,  and  then  dissolving  it  in  hot 
alcohol.    ^  repeated  crystallization  it  is  thus  rendered  quite  pure.  (Prout) 

A  few  other  principles  yet  remain  to  be  considered,  such  as  tiie  colouring 
principle  of  the  blood,  caseous  matter,  and  raucns ;  but  those  will  be  moro 
conveniently  studied  in  subsequent  sections^ 
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ANIMAL  ACIDS. 

In  animal  bodies  several  acids  are  found,  such  as  sulphuric,  hydrochloric, 
i^osphoric,  acetic,  &lc,  which  beloD|r  equally  to  the  mineral  or  vegetable 
kinffdom,  and  which  have  consequently  been  described  in  other  parts  of  the 
work.  In  this  section  are  included  those  acids  only  which  are  believed  to 
be  peculiar  to  animal  bodies. 

Uric  or  LUhie  Add, — This  acid  is  a  common  constituent  of  urinary  and 
gouty  concretions,  and  is  always  present  in  healthy  urine,  combined  with 
ammonia  or  some  other  alkali.  The  urine  of  birds  of  prey,  such  as  the 
eagle,  and  of  the  hoa  coiutrietor  and  other  serpents,  consists  almost  solely 
of  urate  of  ammonia,  from  which  pore  uric  acid  may  be  procured  by  a  very 
simple  process.  For  this  purpose  the  solid  urine  of  the  boa  eorutrictor  is 
reduced  to  a  fine  powder,  and  digested  in  a  solution  of  pure  potassa,  in 
which  it  is  readily  dissolved  with  aiscngagement  of  ammonia.  The  urate 
of  potassa  is  then  decomposed  by  adding  acetic,  hydrochloric,  or  sulphuric 
acid  in  slight  excess,  when  the  uric  acid  is  thrown  down,  and,  after  being 
washed,  is  collected  on  a  filter.  On  its  first  separatiob  fi-om  the  alkali  it  is 
in  the  form  of  a  gelatinous  hydrate,  but  in  a  short  time  this  compound  is 
decomposed  spontaneously,  and  the  uric  acid  subsides  in  small  crystals. 

Pure  uric  acid  is  white,  tasteless,  and  inodorous.  It  is  insoluble  in  alco- 
hol, and  is  dissolved  very  sparingly  by  cold  or  hot  water,  requiring  about 
10,000  times  its  weight  of  that  fluid  at  60^^  F.  for  solution.  (Prout)  It  red- 
dens litmus  paper,  and  unites  with  alkalies,  forming  sahs  which  are  called 
urates  or  litkatea.  The  uric  acid  does  not  effervesce  with  alkaline  carbo- 
nates ;  but  Dr.  Thomson  affirms  that  when  boiled  for  some  time  with  carbo- 
nate of  soda,  the  whole  of  the  carbonic  acid  is  expelled.  A  current  of  car- 
bonic acid,  on  the  contrary,  throws  down  the  uric  acid  when  dissolved  by 
potassa.    This  acid  undergoes  no  change  by  exposure  to  the  air. 

Of  the  acids  none  exert  any  peculi^  action  on  the  uric  excepting  nitric 
acid.  When  a  few  drops  of  nitric  actd,  slightly  dilated,  are  mixed  on  a 
watch-glass  with  uric  acid,  and  tho  liquid  is  evaporated  to  dryness,  a  beauti- 
ful  purple  colour  comes  into  view,  the  tint  of  which  is  improved  by  the  ad- 
dition of  water.  This  character  affords  an  unequivocal  test  of  the  presence 
of  uric  acid.    The  nature  of  the  change  will  be  considered  immediately. 

Uric  acid  is  decomposed  by  chlorine.  Liebig  has  observed,  that  when  dry 
nric  acid  is  heated  with  dry  chlorine,  an  enormous  quantity  of  cyanic  and 
muriatie  acid  is  generated.  If  the  uric  acid  is  moist,  chlorine  then  gives 
rise  to  the  disensragement  of  carbonic  and  cyanic  acids ;  while  in  solution 
there  remain  hydrochloric  acid,  ammonia,  and  much  oxalic  acid. 

According  to  a  late  analysis  by  Liebig,  uric  acid  is  thus  constituted  : — 
(An.  de  Ch.  et  de  Ph.  Iv.  58.) 

Carbon          .                 .  36.11  30.6  or        5  eq. 

Hydrogen          .        .        .  2.34              2  2  eq. 

Nitrogen       ...  3336  2&3  2  eq. 

Oxygen     ....  28.19  24  3  eq. 

100.00  84.9  1  eq. 

Liebig  has  given  strong  evidence  to  prove  that  the  foregoing  constitution 
is  more  correct  than  that  of  Prout,  who  found  six  eq.  of  carbon  instead  of 
fiwe.  Crystallized  uric  acid  is  considered  by  most  chemists  to  be  anhy. 
drous ;  but  Dr.  Thomson  maintains  that  at  400<'  it  loses  precisely  two  equiva- 
lents  of  water. 

50* 


694  ANIMAL  ACIDS^ 

The  Baits  of  aric  acid  ha?e  been  described  by  Henty  (Ma&cKeaCer  Mo- 
xnoirs,  vol.  ii.  N.  S.)  The  principal  ones  yet  eiAmined  are  the  urates  of  am- 
monia, potassa,  and  soda,  l/rate  of  ammonia  is  soluble  to  a  consideraUe 
extent  in  boiling,  but  more  sparingly  in  cold  water.  The  urates  of  soda  and 
potassa,  if  neutral,  are  of  very  sparing  solubility  ;  but  an  excess  of  either 
alkali  takes  up  a  large  quantity  of  the  acid*  The  former  was  found  by  WoU 
laston  to  be  the  chief  constituent  of  gouty  concretions. 

When  uric  acid  is  heated  in  a  retort,  carbonate  and  hvdrocyanate  of  am- 
monia  are  generated,  and  a  volatile  acid  sublimes,  called  jyyro-ttric  acid^ 
which  was  formerly  described  by  Henry,  and  has  since  been  studied  by  Cbe- 
vallicr  and  Lassaigne,  Liebig,  and  Wohler.  The  two  latter  chemislB  have 
noticed,  that  pyro-uric  is  identical  with  c^anoric  acid  (pace  273) ;  and  Wohler 
finds  that  urea«  as  well  as  cyanuric  acid,  is  an  essentiu  product  of  the  de- 
structive distillation  of  ario  acid. 

Purpuric  Acid, — ^This  compound  was  fii^  recognized  as  a  distinct  acid 
by  Prout,  and  was  described  by  him  in  the  Philosophical  Transactions  for 
1818.  Though  colourless  itself^  it  has  a  remarkable  tendency  to  form  red  or 
purple-coloured  salts  with  alkaline  bases,  a  character  by  which  it  u  distin- 
guished from  all  other  substances,  and  to  which  it  owes  the  name  o£  pur- 
puric acid,  suggested  by  WoUaston.  Thus  the  purple  residue  above  men^ 
tioned,  as  indicative  of  the  presence  of  uric  acid,  is  purpurate  of  ammonia,  . 
which  is  always  generated  when  the  uric  is  decomposed  by  nitric  acid. 

Purpuric  acid  may  be  prepared  by  the  following  process,  for  the  outline  of 
which  I  am  indebted  to  directions  kindly  given  me  by  Prout  Let  200  graina 
of  uric  acid,  prepared  ft-om  the  urine  of  the  boa  corutrictor,  be  dissolved  in 
300  grains  of  pure  nitric  acid  diluted  with  an  equal  weight  of  water,  the 
uric  acid  being  added  gradually  in  order-  that  the  heat  may  not  be  excessive. 
Effervescence  ensues  afler  each  addition,  nitrous  acid  fumes  appear,  heat  is 
evolved,  and  a  colourless  solution  is  formed,  which,  on  standing  in  a  cool 
place  for  some  hours,  yields  colourless  crystals,  which  have  the  outline  of  an 
oblique  rhomboidal  prism.  By  gentle  evaporation  an  additional  quantity 
may  be  obtained.  They  contain  nitric  and  purpuric  acid  and  ammonia, 
should  be  dissolved  in  water,  and  be  exactly  neutralized  b^  pure  ammonia; 
and  the  liquid  is  then  digested  in  a  solution  of  potassa,  until  the  ammonia  is 
wholly  expelled.  On  pouring  this  solution  into  dilute  sulphuric  acid,  pur- 
puric acid  is  set  free,  which,  being  insoluble  in  water,  subsides  as  a  granular 
^  powder,  of  a  white  colour  if  pure,  but  commonly  of  a  yellowish- white  tinL 
Considerable  uncertainly  prevails  as  to  the  nature >)f  purpuric  acid.  Vau- 
quelin  denied  that  its  salts  have  a  purple  colour,,  attributing  that  tint  to  some 
impurity,  and  Liassaigne  is  inclined  to  the  same  opinion  (An.  de  Cb.  et  de 
Ph.  xzii.  334) ;  but  trom  the  intense  colour  ^iven  even  by  a  very  minute 
quantity  of  purpuric  acid„  the  opinion  of  Dr.  rrout  appears  to  me  the  more 
probable.  The  composition  of  the  acid  is,  likewise,  unsettled ;  for  Prout 
has  expressed  a  doubt  of  the  accuracy  of  the  analysis  which  he  formerly 
published. 

The  name  of  erythric  acid  (from  t^^B^^ufUfy  to  redden)  was  applied  by 
Brugnatelli  to  a  substance  which  he  procured  by  the  action  of  nitric  on  uric 
acid.  It  obviously  contains  purpuric  acid,  and  Prout  thinks  it  probable  that 
it  is  a  supersalt,  consisting  of  purpuric  and  nitric  acids,  and  ammonia,  being 
probably  identical  with  the  crystals  above  mentioned. 

RoBaeic  Acid, — This  name  was  appUed  by  Proust  to  a  peculiar  acid  sup- 
posed to  exist  in  the,  red  matter,  commonly  called  by  medical  practitioners 
the  laterilious.  sediment,  which  is  deposited  from  the  urine  in  some  stages  of 
fever.  From  the  experiments  of  Vogel  it  appears  to  be  uric  acid,  either 
combined  with  an  alkali,  or  modi6ed  by  the  presence  of  animal  matler. 
Prout  is  of  opinion  that  it  contains  some  purpurate  of  ammonia ;  and,  as  he 
has  detected  the  presence  of  nitric  add  in  the  urine  from  w^ch  such  sedi- 
ments  were  deposited,  he  thinks  it  probable  that  the  purpurate  may  be  gene- 
rated by  the  reaction  of  tlie  uric  and  nitric  acids  on  each  other  m  the  ori* 
nary  passages. 
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tUppurie  Acid^^VnSer  this  name,  derived  from  twirot  a  hone,  and  wgir 
urine, Xiebig  hoB  described  a  peculiar  corapoond,.  which  is  deponted  firaoi 
the  urine  of  the  hone  when  it  is  mixed  with  hydrochloric  acid  in  excess. 
The  deposite,  which  is  crys^Hme  and  of  a  yellowish-brown  tint,  is  boiled 
with  miik  of  lime,  to  which  small  quantities  of  chloride  of  lime  are  added, 
nnti}  the  urinous  odour  ceases.  It  is  then  digested  with  animal  charcoal ; 
and  on  mixing  the  hot  filtered  solution  with  a  lam  excess  <^  hydrochlorte 
add,  hippurie  acid  is  deposited  in  eooling  in  nther  large  prisms,  two  or  three 
inches  in  length,  and  beautifully  white.  It  exists  in  the  urine  of  most  her- 
bivorous animals  nnitod  with  soda.    (An.  de  Ch.  et  de  Pli.  xliii.  188.) 

Hippurie  acid  is  analogous  in  its  characten  to  benzoic  add,  and  was  at 
fint  supposed  to  be  that  acid  ntodified  by  the  presence  of  animal  matter; 
but  Liebig  contends  that  it  is  clearly  distinguished  from  benzoic  acid  by  the 
character  of  its  salts,  in  being  less  SMalahle  in  water,,  and  in  containing  nitro^ 
gen.    It  is  composed  of 

Carbon.  Hydrogen.     Nitrogen.         OxygeOk 

In  100  parts    60.76  4.92  7.83  26.5 

In  oquiv.      ^22.4  or  20  eq.-|-9  or  9  eq.+1415  or  1  eq.+48  or  6  eq. =19355. 

Formic  Acid,-— A  sou^  liquor  exists  in  ants,  which  they  eject  when  irri- 
tated, and  which  may  be  obtained  in  solution  by  bruising  these  insects  into 
a  pulp  with  water :  the  liquid  was  supposed  by  Fourcroy  and  Vauquelin  to 
contain  acetic  and  malic  acids ;  but  the  experiments  of  Suersen,  Gehlen,  Ber- 
zelius,  and  Dobereiner  have  pso^ed  that  it  is  a  mixture  of  the  malic  with  a 
peculiar  volatile  acid,  distinct  from  acetic  acid,  and  easily  separable  bv  dis- 
tillation. The  peculiar  origin  of  this  compound  has  suggested  for  it  the 
name  of  formic  acid.  Dobereiner  has  shown  that  it  is  readily  generated 
artificially  by  distilliog  a  mixture  of  I  part  of  tartaric  acid,  1^  of  peroxide 
of  man^nese,  and  IJ  of  sulphuric  acid  diluted  with  about  2j|  parts  of  water: 
a  capacious  retort  should  be  used,  as  the  materials  fipoth  up  during  the  pro^ 
—  '       •  •  -         '  lived 


The  tartaric  acid  receives  oxygen  from  the  manganese,  and  is  resoh 
into  water,  carbonic  acid,  and  formic  acid.  (An.  of  Phil.  N.  S.  iv.  311.)  Lie- 
big and  Gmelin  have  found  that  several  other  substAnces,  such  as  sugar, 
starch,  sugar  of  milk,  and  ligneous  fihre,  may  be  substituted  for  tartaric 
acid ;  but  Uie  formic  acid  is  then  accompanied  by  some  foreign  matter,  which 
may  be  removed  by  neutralising  with  an  alkali,  and  decomposing  the  formate 
by  sulphuric  add.  Even  alcohol  may  be  used ;  but  it  must  be  employed  in 
a  dilute  state,  in  order  to  prevent  the  production  of  sulphuric  or  formic  ether. 
Formic  acid,  indeed,  appeara  to  be  a  freqi|^nt  result  of  chemieal  changes,  of 
which  some  examples  were  formerly  mentioned  (pages  -269  and  499) ;  and 
hence  it  is  importuit  to  be  well  acquainted  with  its  comj^ition. 

By  these  processes  formic  aeid  is  procured  in  a  very  dilute  state :  it  is 
obtained  with  less  water  by  distilling  a  mixtur^  of  one  part  of  water,  two  of 
strong  sulphuric  acid,  and  three  of  dry  formate  of  potassa.  fiut  the  free  acid 
in  its  most  concentrated  form  has  not  less  than  19.6  per  cent  of  water,  and 
a  density  of  1.1168.  Formic  acid  is  a  feeble  acid,  has  a  sour  taste  and  reac- 
tion, and  its  odour  resembles  that  of  acetic  acid,  but  is  attended  with  a  pecu- 
liar pungency.  With  bases  it  forms  crystallizable  salts,  by  the  form  of 
which,  especially  of  the  formates  of  baryta,  strontia,  lime,  and  oxide  of  due, 
it  is  completdy  distinguished  from  aeetic  acid. 

According  to  the  analysis  of  formate  of  oiide  of  lead  by  Benelius,  the 
equivalent  of  this  acid  is  inferred  to  be  37.24;  and  it  is  composed  of  19;S4 
parts  or  two  equivalents  of  carbon,.  I  part  or  one  equivalent  of  hydrogen, 
and  34  parts  or  three  equivaleBta  of  oxygen.  From  the  ratio  of  these  ele- 
ments, it  is  manifest  that  formic  add  may  be  considered  a  compound  of  two 
equivalents  of  carbonic  oxide  ^d  one  equivalent  of  water,  as  expressed  by 
the  formula  2(C-|-0)4-(H4-0) ;  and  it  is  actual^  resolved  into  these  com- 
pounds  by  bdng  gently  heated  with  strong  sulphuric  acid;  carbonic  oxide 
gas  being  disengaged.  Warmed  vrith  peroxids  of  mercury  it  takes  oxygen 
nom  the  metal,  and  is  tesolxed  into  water  and  earbonig  add,  the  latter  of 
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which  etcapti  with  effenreMenoe.  By  these  chanoten  feraiie  acid  is  dia- 
tinfuiflhed  from  other  acids. 

AOmntoieaeid. — ^This  compound,  deacribed  by  Baniva  and  Vaoqnelin  un- 
der the  name  of  amntalie  add,  and  aaid  to  exist  in  the  Uqwur  amim  of  tlie 
oow,  was  found  by  Dxondi  to  be  present  solely  in  the  liquor  of  the  aUantois, 
and  to  be  in  &ct  the  urine  of  the  fistus.  The  mistake  of  the  disooierers  has 
also  been  corrected  by  Lassai^e.    (An.  de  Cb.  et  de  Fh.  z<xiii.  279.) 

The  allantoic  acid  is  obtained  by  gently  evaporating  the  liquid  df  the  al- 
lantois  of  the  festal  calf,  when  the  acid  ts  deposited  in  Uie  form  of  white 
acieuiar  crystals.  It  is  very  sparingly  soIuUe  in  water,  ^t  yidds  with  the 
alkalies  soluble  compounds  which  are  decomposed  by  most  of  the  acids. 
According  to  the  analysis  of  Liebig,  its  elements  are  in  the  ratio  of  five 
equivalents  of  carbon,  four  of  hydrogen,  two  of  nitrogen,  and  four  of  oxygen. 

Several  other  animal  acids,  such  as  the  stearic,  oleic,  margraric,  and  otJusrs, 
should  also  be  mentioned  here ;  but  as  tliey  are  closely  allied  to  the  Alty 
principles  from  which  they  are  derived,  they  will  be  more  conveniently 
described  in  the  foUqwing  section. 


SECTION  III. 

ANIMAL  OILS  AND  FATS. 

Tm  iktty  principles  derived  from  the  bodies  of  animals  are  very  analo- 
gous in  composition  and  properties  to  the  vegetable  fixed  oils ;  and  in  firitain, 
where  the  latter  are  comparatively  expensive,  the  former  are  employed,  both 
for  the  purpose  of  giving  light,  and  for  the  manufacture  of  soap.  Their 
ultimate  elements  are  carbon,  hydrogen,  and  oxygen ;  and  most  of  them, 
like  the  fixed  oils,  consist  of  two  or  more  definite  compounds,  such  as  stea- 
line,  margarine,  and  oleine,  in  a  state  of  combination. 

From  a  curious  experiment  of  Bdrard  it  appears  that  a  substance  very 
analogous  to  fat  may  be  made  artificially.  On  mixing  together  one  measure 
of  carbonic  acid,  ten  measures  of  carburetted  hydrogen,  and  twenty  of  hy. 
drogon,  and  transmitting  the  mixture  through  a  red-hot  tube,  several  white 
crystals  were  obtained,  which  were  insoluble  in  water,  soluble  in  alcohol, 
and  fusible  by  heat  into  an  oily  fluid.  (An.  of  Ph.  xii.  41.)  Dobexeiner  pre- 
pared an  analogous  substance  firom  a  mixture  of  coal  gas  and  aqueous  va- 
pour. 

The  annexed  table  shows  the  composition  of  several  animal  fats,  and  of 
their  products  when  formed  into  soap.  The  analyses  are  by  Cbevreul,.ex. 
cepting  that  of  stearine  by  Lecanu,  of  spermaceti  by  Bdrard,  and  of  anu 
breine  by  Pelletier. 

Carb.       Hyd.        Oxy.  Formulce. 

Human  fat  79.000+U.416+  9.584»100 

OldneofhumanJ   78.5664-11.447+9.987=100 
Howard  79.098-f-U.146-|-  9.756=100 

Oleme  of  hogs- j   ^^^  +11.422+  9.548«10a 

Mutton  suet  78.996+11.700+  9.304=100 

Stearine  of  mut-  (   78.02  +1^    +  9.78  =100      K  C7«H70O7  or 

ton  suet  C  446.76  +70       +56       =572.76 )  C70H87O*+C8H»Oi 

Oleme  of  mut-  / 

ton  suet  f   79.354+nJ)9.+  9.556«:l00 
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Stearic  add  (an- 

hydroQs) 
Margaric     acid 

(anhydroas) 
Oleic  acid  (an 

hydrous) 

Glycerine 

Cetine 
Spermaceti 

Ilthal 

Phocenic  acid 

Cholesterine 
Ambreine 


Cnh.      Hyd.        Qxy. 
)   80.145+12.478-1-  7.377=100 

428.4    +67       +40       =535.4 

,    79.053+12;01  +  a937=100 

r4S8A    +65       -1-48       =541.4 

80.943+11.359+  7.699^100 

428.4    -f58       +40       =526.4 

40.071+  8.925-14^1.004=100 

18.36  +  4       +24       =  46.36 
81.660+12.862+  4.578=  99.1 
79.5    +11.6    +  8.9    =100 
79.766+13.945+  6.289=100 
97.92  +17      +  8       =122.92 
65.00  +  855  +26.75  =100 
0U    +  7       +24       =  92J2 
^85.095+11.88  +  3.025=100 

83.37  +13.32  +  3.31  =100 


Foranile. 

[  C70H87O* 

!  C7oH«K>« 

!C70H«80« 
I  C»H40»  or 
^CtHsO«+& 

J  Cl«Hi70  OP 

MC*H*+ft. 
j  C10H7O3 


7V<rin  OfL— Train  oil  i«  obtained  by  means  of  heat  from  the  blubber  of 
the  whale,  and  is  employed  eztenstrely  in  making*  oil  g[as»  and  lor  burning 
in  common  lamps.  It  is  generally  of  a  reddish  or  yellow  colour,  emits  a 
strong  unpleasant  odour,  and  has  a  considerable  degree  of  viscidity,  proper- 
ties which  render  it  unfit  for  being  burned  in  Argand  iampsi,  and  which  are 
owing  partly  to  the  heat  employed  in  its  extraction,  and  partly  to  the  pre- 
sence of  impurities.  By  purifioitiun,  indeed,  it  may  be  rendered  more  lim- 
pid, and  its  odour  less  oiSensiye ;  but  it  b  always  inferior  to  spermaceti  oil. 

Sberwuiceti  OH  is  obtained  from  an  oily  matter  lodged  jn  a  bony  cavity  in 
the  head  of  the  Pkywtter  maeroeephahu^  or  spermaceti  whale.  On  subJ0Ct#> 
ing  this  substance  to  pressure  in  bags,  a  quantity  of  pvre  limpid  oil  is  eac- 
ptcssed;  and  the  residue,  after  being  melted,  strained,  and  boiled  with  a 
solution  of  potassa,  is  sold  under  the  name  of  spfnnMeti.  This  principle  is 
probaUy  modified  in  the  process  by  which  it  is  purified. 

Ammal  OH  of  DipptL-^ThM  name  is  applied  to  a  limpid  vobtile  oUt 
which  is  entirely  different  from  the  oils  above  mentioned,  and  is  a  prodmet 
of  the  destructive  distiflation  of  animal  matter,  especially  of  albuminous 
and  gelatinoos  substances.  When  purified  1^  distiUatiop,  it  is  clear  and 
transparent  It  was  formerly  much  used  in  medicine,  but  is  now  no  longer 
employed. 

Human  Fat — This  vafiety  of  fat  has  a  yellowbh  colour,  is  inodorous, 
fbses  at  a  very  gentle  heat,  and  retains  its  fluidity  at  59^ :  that  of  the  loias 
begins  to  solidify  at  77^  and  it  is  4|uite  solid  at '63°.  It  requires  for  solo, 
tion  40  parts  of  hot  fdeohol,  which  in  cooling  depositee  stearine  of  a  peculiar 
kind,  leaving  oleine  in  solution.  When  saponified  it  yields  margaric  and 
oleic  acids  and  glycerine,  but  no  stearic  acid. 

JBbgshrdr^Thu  fat  is  of  a  nearly  white  colour,  and  the  fusing  point  of 
difiSn«nt  varieties  between  79°  and  88^.  It  probably  contains  both  the 
stearine  and  nsargarine  besides  oleine.  When  saponified,  it  yields  marga- 
ric, stearic,  and  (9eic  acids,  and  glycerine. 

iSbsl.— This  term  is  applied  to  the  fat  situated  about  the  loins  and  kid- 
neys, which  is  less  fusible  than  the  fiit  from  other  parts  of  the  same  ani- 
mal.  The  suet  ffrom  the  oac  and  sheep  is  principally  used :  when  separated 
by  fiision  from  tfao  membrane  in  which  it  occurs,  it  is  called  tallow,  and  is 
extensively  employed  in  the  manufacture  of  soap  and  candles.  Beef  and 
mutton  maet  resemUe  hogslard  in  their  constituents  and  in  the  prodacts  of 
saponification.  Beef  suet,  when  fbsed,  congeals  at  102°,  and  mutton  suet  at 
90^  or  a  few  degrees  higher. 

Assrint^— This  compound  is  a  eonntitoent  of  several  animal  iats,  espe- 
daOy  of  hogaUrd  and  suet,  the  latter  of  which  oonteina  oncfifth  of  stea- 
rine. It  is  prepared  by  fusing  nsuttoB  suet  in  a  flask*  agitating  with  ito 
own  weight  of  ether»  and  when  the  wUe  is  ooki  separating  the  soluble 
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parts  by  pramire  in  a  cloth  and  in  bibulous  paper.  This  process  is  repeated 
until  the  parts  soluble  in  cold  ether  are  removed.  The  insoluble  part  is 
stearine.  It  may  also  be  prepared  by  mixing  essence  of  turpentine  with 
fosed  mutton  suet,  and  when  the  mass  has  cooled  pressing  out  the  fluid 
parts  by  bibulous  paper :  the  solid  part  left  after  repeated  fusion  with  tnr. 
pentine  is  stearine,  which  should  be  purified  by  solution  in  hot  ether  to  re- 
move adhering  turpentine. 

Pare  stearine,  as  separated  from  its  ethereal  solution,  and  dried  by  com- 
pression in  bibulous  paper,  occurs  in  small  white  brilliant  laminsD,  and  fuses 
at  i29<^  into  a  mass  Uke  wax,  but  so  friable  that  it  may  be  reduced  to  pow- 
der. It  dissolves  in  boiling  strong  alcohol,  but  separates  on  cooling  in  snow- 
white  flakes.  Boiling  ether  dissolves  it  in  large  proportion,  but  when  cold 
retains  an  1.225th  of  its  weight  When  sharply  heated,  it  is  decomposed, 
and  among  other  products  it  yields  stearic  acid.  When  digested  in  pure  po- 
tassa,  it  is  entirely  resolved  into  stearic  acid  and  glycerine,  both  regarded  as 
anhydrous.  This  will  be  obvious  by  the  formule  of  pages  596  and  597. 
Stearine  may  be  regarded  as  a  compound  of  stearic  acid  and  glycerine,  and 
its  conversion  into  soap  as  the  mere  separation  of  glycerine,  which,  in  the 
act  of  quitting  the  stearic  acid,  combines  with  one  eq.  of  water.    The  fore- 

J^oing  nets  are  drawn  from  a  late  essay  by  liecanu.  (An.  de  Ch.  et  de  Ph. 
V.  192.) 

Margarine. — After  the  stearine  in  the  foregoing  process  has  been  depo- 
sited,  another  solid  fiitty  principle,  which  Lecanu  terms  margarine^  may  be 
obtained  by  allowing  the  etheroial  solution  to  evaporate  spontaneously.  To 
free  it  from  adhering  ether  and  deine,  it  should  be  pressed  between  folds 
of  bibulous  paper.  Margarine  Is  very  similar  in  its  properties  to  stearine, 
but  is  distinguished  from  it  by  its  greater  fusibility,  its  point  of  fusion  being 
117^°,  and  by  its  ready  solubility  in  cold  ether.  With  an  alkali  it  yields 
stearic  acid  and  glycerine. 

The  solid  matter  of  vegetable  oils  is  not  identical  with  the  stearine  of 
saet,  as  was  thought  by  Cnevreul,  but  appears  from  the  late  experiments  of 
Lecanu  to  be  more  closely  allied  to  the  margarine  of  suet  It  di^rs,  how- 
ever, from  both  by  yielding  margaric  and  oleic,  and  not  stearic,  acid  when 
converted  into  soap. 
^  Oleine. — The  liquid  matter  of  animal  fats,  obtained  by  compression  in 
bibulous  paper,  is  very  similar  to  the  oleine  obtained  in  a  similar  manner 
from  frozen  vegetable  oils. 

Margaric  awl  Oleic  Adds, — ^When  the  fats  above  mentioned,  or  the  fixed 
vegetable  oils,  are  boiled  with  a  solution  of  potassa  or  soda,  the  elements  of 
the  fat  or  oil  undergo  a  new  arrangement,  whereby,  without  losing  any 
gaseous  substance  or  absorbing  any  from  Uie  air,  they  are  converted  into 
one  or  more  fatty  acids  and  glycerine.  To  this  change  the  elements  of  water 
contribute.  The  new  acids  combine  with  the  alkali  and  constitute  soap, 
which  after  due  evaporation  collects  on  the  surface  of  the  water,  while  the 
glycerine  remains  in  solution.  The  acids  which,  in  ordinary  soap,  are  united 
with  potassa  or  soda  as  compounds  soluble  in  water,  form  insoluble  com- 
pounds  with  most  other  metallic  oxides ;  and  hence  it  is  that  solutions  of 
soap  are  precipitated  by  salts  of  lime,  oxide  of  lead,  and  similar  metallic  so- 
lutions. These  insoluole  soaps  may  be  formed  directly  by  digesting  oleagi- 
nous substances  with  water  and  metallic  oxides. 

The  margaric  and  oleic  acids  are  best  prepared  from  soap  made  with  po- 
tassa and  fluid  vegetable  oil.  This  soap,  afler  being  wdl  dried,  is  treated 
by  successive  portions  of  cold  alcohol  of  sp.  gr.  0.821,  in  which  the  oleate  of 
potassa  is  soluble  and  the  margarate  insoluble.  The  two  salts,  thus  sepa^ 
rated,  are  decomposed  by  means  of  an  acid. 

Margaric  acid,  so  named  fh>m  its  pearly  lustre  (fh)m  /u«{7^«#it«c  a  fearC) 
is  insoluble  in  water,  and  is  hence  precipitated  by  acids  from  the  solution  of 
its  salts.  It  is  abundantly  dissolved  by  hot  alcohol,  and  is  deposited  fnaa 
the  saturated  solution,  on  cooling,  in  a  crystalline  mass  of  a  pearly  lostre. 
At  140O  it  is  fated,  and  shoots  into  brilliant  white  acicokr  cryMk  as  it 
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cools.  It  hM  an  acid  reaction,  and  its  salts,  those  of  the  alkalies  excepted, 
are  veij  sparingly  soluble  in  water.  The  crystallized  acid  contains  3.4  per 
cent,  of  water,  corresponding  to  two  eq.  of  water,  from  which  it  can  only  be 
separated  by  combining  with  an  alkaline  base. 

^  Oleic  acid  is  best  prepared  from  soap  made  with  Hnseed  oil  and  potassa, 
since  the  greater  part  of  it  consists  of  the  oleate  of  that  alkali.  This  salt  is 
first  separated  from  margarate  of  potassa  by  cold  alcohol,  and  the  oleic  acid 
then  precipitated  from  an  aqaeous  solution  of  the  oleate  by  means  of  an 
acid.  At  the  mean  temperature  oleic  acid  is  a  colourless  oily  fluid,  which 
congeals  when  it  is  cooled  to  near  zero*  It  has  a  slightly  rancid  odour  and 
taste,  and  reddens  litmus  paper.  Its  gpecific  gravity  is  0.898.  It  is  insolu- 
ble in  water,  but  is  dissolved  in  every  proportion  by  alcohol.  Of  the  neu- 
tral oleates  hitherto  examined,  those  of  soda  and  potassa  are  alone  soluble 
in  water. 

In  its  free  state  it  contains  3.8  per  cent,  corresponding  to  one  equivalent 
of  water,  which  it  loses  in  uniting  with  most  metallic  oxides. 

Stearic  Acid. — ^This  acid  is  best  prepared  by  converting  pure  stearins  into 
soap,  and  decomposing  the  resulting  stearate  with  an  acid.  It  is  very  simi- 
lar  in  its  appearance  and  properties  to  mar^aric  acid,  the  principal  distinc- 
tion being  a  difference  of  fusibility,  the  fusing  point  of  stearic  acid  being 
158^.  The  crystallized  acid  consbts  of  one  eq.  of  anhydrous  stearic  acid 
and  one  eq.  of  water. 

Sebacic  Acid, — ^Thenard  has  applied  this  name  to  an  add  which  is  obtain- 
ed by  the  distillation  of  hogslard  or  suet,  and  is  found  in  the  recipient  mixed 
with  acetic  acid  and  fat,  partially  decomposed.  It  is  separated  from  the 
latter  by  means  of  boiling  water,  and  from  the  former  by  acetate  of  oxide 
of  lead.  The  sebacate  of  that  oxide,  which  subsides,  is  subsequently  decom- 
posed by  sulphuric  acid. 

Sebacic  acid  reddens  litmus  paper,  dissolves  freely  in  alcohol,  and  is 
more  soluble  in  hot  than  in  cold  water.  It  melts  like  fiit  when  heated,  and 
crystallizes  in  small  white  needles  in  cooling.   It  is  not  applied  to  any  use. 

Butyrine, — ^Butter  differs  from  the  common  animal  fats  in  containing  a 
peculiar  oleaginous  matter,  which  is  quite  fluid  at  70^,  and  1o  which 
Chevreul  has  applied  the  name  of  butyrine.  When  converted  into  soap,  it 
yields,  in  addition  to  the  usual  products,  three  volatile  odoriferous  com- 
pounds,  namely,  the  buttprie,  caproic,  and  capric  acids. 

Phocenine  is  a  peculiar  fatty  substance  contained  in  the  oil  of  the  por- 
poise {Delphinus  phocoena)  mixed  with  oleinc.  When  converted  into  soap, 
it  yields  a  volatile  odoriferous  acid,  called  the  phoctnie  acid,  (Chevreul.) 

IRrcine  is  contained  in  the  fat  of  the  goat  and  sheep,  and  yields  the  hircie 
acid  when  converted  into  soap.   (Chevreul.) 

Other  acids,  more  or  less  analogous  to  those  above  described,  are  formed 
during  the  conversion  of  other  oleaginous  substances  into  soap.  Thus, 
castor  oil  yields  three  acids,  to  which  Bussy  and  Lecanu  have  applied  the 
names  of  margaritic^  rtctntc,  and  daiodic  aeid.  The  cevadic  acid  was  pre- 
pared in  a  similar  manner  by  Pelletier  and  Caventou  from  oil  derived  from 
the  seeds  of  the  Vcrairum  aabadiUa ;  and  the  same  chemists  have  given 
the  niAne  ofjatrophic  acid  (more  properly  erotonie)  to  the  acid  of  the  soap 
made  from  eroton  oil.  This  oil  is  derived  from  the  seeds  of  the  Croton 
tigliutn. 

Glycerine, — ^The  sweet  principle  of  oils,  glycerine  of  Chevreul,  was  dis- 
covered by  Scheele.  It  was  originally  obtained  in  the  formation  of  common 
plaster  by  boiling  oil  with  oxide  of  lead  and  a  little  water;  and  Chevreul 
h>und  that  it  is  produced  during  the  saponification  of  fatty  substances  in 
general.  In  preparing  soap  by  means  of  potassa,  the  glycerine  is  left  in  the 
mother  liquor;  and  on  neutralizing  the  free  alkali  with  sulphuric  acid, 
evaporating  to  the  oonsistenoe  of  syrup,  and  treating  the  residOe  with  alco- 
hol, it  is  dusolved.  The  alcoholic  solution,  when  evaporated,  yields  glyce- 
rine  in  the  form  of  an  uncrystallized  syrup.    It  is  soluble  in  water  aod 


600  AMIMAL  0U4  AJKD  F ATB* 

aloohol,  and  has  a  tweet  teate,  bat  b  not  aiiao^tiUe  eitiMr  of  tlie  vincm  or 
moetoua  fennentatioD. 

SpermaeHi, — Tbia  inflammable  subaUuice,  wbicb  ia  prepared  from  tbe 
spermaceti  whale,  as  abofe  menUoned,  commonly  ooenra  in  cryataUine 
pktea.of  a  white  coloar  and  ailvery  Inatre*  It  b  brittle,  and  feeb  aoft  and 
aiighilj  nnctuoua  to  the  touch.  It  has  no  .taate,  and  aoaroelj  any  odour. 
It  b  maolnble  in  water,  but  diaaolvea  in  about  thirteen  times  ita  wei^^ht  of 
boiling  alcohol,  from  which  the  greater  part  is  deposited  on  cooliofr  in  the 
form  of  brilliant  acalea.  It  b  atiU  more  soluble  in  ether.  It  is  exceedingly 
fbribb,  liquefying  at  a  temperature  which  is  distinctly  below  212°. 

The  spermaceti  of  commerce  always  contains  some  fluid  oil,  from  which 
it  may  be  purified  by  solution  in  boiling  alcohol.  To  the  white  crystalline 
acabs  deposited  from  the  spirit  as  it  cools,  and  which  is  spermaceti  in  a 
state  of  perfect  purity,  Chevreul  has  oriven  the  name  of  eetine, 

Eihal^'^When  cetine  is  boiled  with  alkalies  it  b  slowly  and  incompletely 
saponified,  since,  in  addition  to  margaric  and  oleic  acid,  a  solid  fatly  princi- 
ple is  generated,  amounting  to  40.64  per  cent  of  the  cetine  used.  CbeTreul 
gave  it  the  name  of  etAaZ,  fiom  the  first  syllable  of  the  worda  ether  and 
alcohol,  because  of  .its  analogy  to  those  liquids  in  point  of  compoeition  (page 
597).  Etbal  congeals  after  fusion  at  86°,  and  at  134°  under  water.  It  b 
soluble  in  every  proportion  in  strong  alcohol  at  130°,  and  may  be  distilled 
without  change. 

Adipoeire. — When  a  piece  of  fi^sh  muscle  b  exposed  for  some  time  to 
the  action  of  water,  or  is  kept  in  moist  earth,  the  fibrin  entirely  disappears, 
and  a  fatty  matter  called  adipoeire  remains,  which  has  some  resemblance  to 
spermaceti.  Tbe  fibrin  was  formerly  thought  to  be  really  converted  into 
adipoeire ;  but  Gay-Lussac*  and  Chevreul  maintain  that  thb  substance  pro- 
ceeds entirely  from  the  fat  originally  present  in  the  muscle,  and  that  the 
fibrin  is  merely  destroyed  by  putrefaction.  Dr.  Thomson  maintains,  how- 
ever, that  the  conversion  of  fibrin  into  (at  does  occur  in  some  instances,  and 
has  related  a  remarkable  case  in  proof  of  his  opinion.  (An.  of  Phil.  vol.  xii. 
p.  41.)  According  to  M.  Chevreul,  the  adipoeire  is  not  a  pure  fatty  princi- 
ple, hut  a  species  of  soap,  chiefly  consbting  of  margaric  acid  in  combination 
with  ammonia  generated  during  the  decomposition  of  the  fibrin. 

ChoUMterine.] — This  name  b  applied  by  Chevreul  to  the  crystalline  mat- 
ter which  constitutes  tbe  basis  of  most  of  the  biliary  concretions  formed  in 
the  human  subject  Fonrcroy,  regarding  it  as  identical  with  spermaceti 
and  the  fatty  matter  just  described,  comprehended  all  these  circumstances 
under  the  general  appelUtion  of  adipoeire;  but  Chevreul  has  shown  that  it 
is  an  independent  principle,  wholly  different  from  spermaceti. 

Cholesterine  is  a  white  brittle  solid  of  a  crystalline  lamellated  structure 
and  brilliant  lustre,  very  much  resembling  spermaceti ;  but  it  b  distinguish- 
ed from  that  substance  by  requiring  a  temperature  of  278°  for  fusion,  and 
by  not  being  convertibb  into  soap  when  digested  in  a  solution  of  potassa. 
It  b  free  from  taste  and  odour,  and  is  insoluble  in  water.  It  dissolves  freely 
in  boiling  alcohol,  from  which  it  is  deposited  on  cooling  in  white  pearly 
scales. 

When  heated  with  its  own  weight  of  concentrated  nitric  acid,  choleiterine 
b  dissolved  with  disengagement  of  nitric  oxide  gas ;  and  in  cooling  a  yellow 
matter  subsides,  an  additional  quantity  of  which  may  be  obtained  by  dilution 
with  water.  This  substance  possesses  the  properties  of  acidity,  and  b  called 
thoUtieric  acid.  It  b  insoluble  in  water,  but  dissolves  fireely  in  alcohol, 
especially  with  the  aid  of  heat  Its  taste  b  alightly  styptic,  and  its  odour 
somewhat  like  that  of  butter;  it  is  l^hter  than  water,  and  fusible  at  136^°  F. 
In  mass  it  is  of  an  orange-^ellow  tint;  but  when  the  alcoholic  solution  b 
evaponited  spontaneously,  it  is  deposited  in  aeicular  crystab  of  a  white 
colour.    It  reddens  litmus  paper,  and  neutraliies  alkaline  bases.    Tbe 

*  An.  de  Ch.  et  de  Ph.  vd.  iv.        t  From  ;^ex«  Hb,  and  0-rt^tot  $olid. 
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^Milettanilet  of  pottgn  and  loda  are  deUqneacent  and  very  acduble  in  water, 
but  inaduble  in  alcohol  and  ether.  The  choleateratee  of  the  earths  and 
otJier  metallie  ozidee  are  either  sparingly  diBsoIved  by  water  or  altogether 
inaolable.  Its  aalta  are  precipitated  by  the  mineral  and  most  of  the  vegeta- 
Ue  acids;  bat  are  not  deeomposed  by  carbonic  acid.  For  these  facts  re- 
■pecting  the  formation  and  properties  of  cholesteric  acid,  we  are  indebted 
to  the  experiments  of  Pelletier  and  Caventou.  (Journal  de  Pharmacie, 
iii.  393.) 

Cholesterine  has  been  detected  in  the  bile  of  man,  and  of  several  of  the 
lower  animals,  such  as  the  ox,  dog,  pig,  and  bear.  This  interesting  disco- 
very was  made  abont  the  same  time  by  CheTreol  in  Paris,  and  by  Tiedc 
mann  and  Gmelin  in  Heidelberg.  Lassaigne  has  likewise  found  it  in  the 
biliary  calculus  of  a  pig.  (An.  de  Ch.  et  de  Ph.  xxxi.)  It  is  frequently 
formed  in  parts  of  the  ^niy  quite  unconnected  with  the  hepatic  circulation, 
and  appears  to  be  a  common  product  of  deranged  vascular  action.  Caventou, 
in  the  Journal  de  Pharmacie  for  October  1825,  states  that  the  contents  of  an 
abscess,  formed  under  the  jaw,  apparently  in  consequence  of  a  carious 
tooth,  were  found  by  him  to  consist  almost  entirely  of  cholesterine.  In  the 
article  CalctU  of  the  Nouveau  Dictionnaire  de  Medeeine,  M.  Breschet  ob- 
nerves  that  cholesterine  has  been  found  in  cancer  of  the  intestines,  and  in 
the  fluid  of  hydrocele  and  ascites  in  the  human  subject;  and  he  adds  that 
M.  fiarruel  procured  it  in  large  quantity  from  an  ovarian  cyst  in  a  mare, 
and  in  the  fluid  drawn  off  from  the  ovary  of  a  woman,  and  scrotum  of  a 
man.  Breschet  has  found  it  also  in  a  tumour  under  the  tongue.  Dr.  Chris- 
tiflon-  found  it  in  the  fluid  of  hydrocele,  taken  from  a  patient  in  the  Royal 
Infirmary  of  Edinburgh  by  the  late  Dr.  William  Gullen ;  in  an  osseous  cyst, 
into  which  the  kidneys  of  another  patient  were  converted;  and  in  the  mem- 
branes of  the  brain  of  an  epileptic  patient.  Reichenbach  has  detected  it  in 
animal  tar,  whence  it  would  seem  to  be  a.  product  of  the  destructive  distilla- 
tion of  animal  matter. 

The  best  method  of  preparing  pure  cholesterine  is  to  treat  human  biliary 
concretions,  reduced  to  powder,  with  boiling  alcuhol,  and  to  filter  the  hot  so- 
lution  as  rapidly  as  possible.  As  the  liquid  cools,  the  greater  part  of  the 
cholesterine  subsides.  In  this  way  it  is  freed  from  the  colouring  matter 
with  which  it  is  commonly  associated  in  the  gall-stone. 

Ambergrit. — This  substance  is  found  floating  on  the  surface  of  the  sea 
near  the  coasts  of  India,  Africa,  and  Brazil,  and  is  supposed  to  be  a  concre- 
tion formed  in  the  stomach  of  the  spermaceti  whale.  It  has  commonly  been 
regarded  as  a  resinous  principle;  but  its  chief  constituent  is  a  substance 
very  analogous  to  cholesterine,  and  to  which  Pelletier  and  Caventou  have 
given  the  name  of  ambreine.  By  digestion  in  nitric  acid,  ambreine  is  con- 
verted into  a  peculiar  acid  called  the  ambreic  acid,    (An.  of  Phil.  vol.  xvi.) 


MORE   COMPLEX   ANIMAL   SUBSTANCES,  AND  SOME 
FUNCTIONS  OF  ANIMAL  BODIES. 

SECTION  L 

BLOOD,  RESPIRATION,  AND  ANIMAL  HEAT. 
Blood. 

The  blood  is  distiifguished  from  other  animal  fluids  by  its  colour,  which 
is  a  florid  red  in  the  arteries  and  of  a  dark  purple  tint  in  the  veins.  Its  taste 
is  slightly  saline,  its  odour  peculiar,  and  to  the  touch  it  seems  somewhat 
unctuous.  Its  specific  gravity  is  variable,  but  most  commonly  it  is  near 
1.05 ;  and  in  man  its  temperature  is  about  98°  or  100©  F.     While  flowing 
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in  its  TeMelt,  or  when  recently  drawn,  it  appean  to  the  naked  eye  ae  a  uni- 
form homogeneooa  liqoid ;  but  if  examined  with  a  microeoope  of  sufficient 
power,  numerooa  red  particles  of  a  globular  form  are  seen  floating  in  a  nearly 
colourless  fluid.  Hence  the  Uood,  while  circulating',  is  mechanically  distin- 
guishable into  two  parts,  one  essentially  liquid,  which  may  be  called  liquor 
sanguiniMt  and  the  other  essentially  soUd,  which  is  merely  suspended  in  the 
former,  and  imparts  its  red  colour  to  the  mixture. 

Both  of  these  constituents  of  the  blood  are  complex  substances.  The  red 
globules,  discovered  by  Leuwenhoeck  and  carefully  examined  by  Hewson, 
were  observed  by  the  late  Dr.  Young  to  consist  of  two  parts,  a  colourleas 
globule  insoluble  in  water,  and  a  red  colouriog  matter  soluble  in  that  men- 
struum. The  observations  of  Mr.  Bauer,  coinciding  with  those  of  Young', 
led  to  the  belief  that  the  entire  red  globule  consists  of  a  central  smaller  glo- 
bule of  fibrin,  which  is  surrounded  with  a  pellicle  or  film  of  colouring  mat- 
ter :  the  coloured  globules  manifest  no  tendency  to  cohere ;  but  the  nuclei  of 
fibrin,  when  deprived  of  their  colouring  envelope,  which  they  soon  lose  after 
the  blood  is  drawn,  adhere  together  with  great  facility.  (PhiL  Trans.  1618, 
p.  172.)  These  remarks  have  been  corroborated  by  Prevoet  and  Dumas,  who 
extended  their  researches  to  the  blood  of  various  animals ;  and  they  further 
observed  that  in  birds  and  the  cold-blooded  tribes  the  globules  are  elliptical, 
while  they  are  spherical  in  mammiferous  animals. 

The  liquor  tanguinia,  considered  by  some  as  serum,  has  been  shown  by 
Dr.  Benjamin  Babington,  in  a  short  essay  replete  with  sound  observation,  to 
be  very  similar  to  chyle,  and  to  consist  of  fibrin,  held  in  mUution,  along  with 
albuminous,  oleaginous,  and  saline  matter,  by  the  water  of  the  blood.  When 
set  at  rest  the  liquor  aanguinit  coagulates,  yielding  a  uniform  jelly  of  pre- 
cisely the  same  volume  as  when  it  was  liquid,  and  possessing  the  exact  figure 
of  the  containing  vessel ;  and  in  a  short  time,  by  the  contraction  of  the  mass 
of  coagulated  fibrin,  a  yellowish  liquid  appears,  which  is  the  serum  of  the 
blood.  The  mieroscopical  observations  of  Mr.  Bauer,  cited  by  the  late  Sir 
£.  Home  in  the  Croonian  lecture  for  1818  (PhiL  Trans.  1819,  p.  L),  prove 
that,  during  this  process,  numerous  globules,  smaller  than  the  colourlesa  nuclei 
of  the  red  globules,  are  generated,  and  give  rise  to  coagulation  bv  mutual 
adhesion.  Though  the  production  of  these  globules  is  most  abundant  soon 
aflcr  the  blood  is  drawn,  yet  their  developement  continues  for  several  days; 
Mr.  Bauer  observed  them  to  appear  in  the  clear  serum  of  a  sheep  8  or  10 
days  after  removal  from  the  animal ;  and  Mr.  Faraday  made  the  same  obser- 
vation with  the  serum  of  human  blood. 

It  is  the  liquor  sanguinis,  thus  shown  to  be  spontaneously  separable  into 
fibrin  and  serum,  which  forms  a  yellowish  liquid  stratum  at  the  surface  of 
blood  recently  drawn  from  persons  in  acute  rheumatism  or  other  inflamma- 
tory fevers.  In  such  affections  the  liquor  sanguinis,  from  causes  not  at  all 
understood,  generally  coagulates  with  unusual  slowness,  so  that  the  heavier 
red  globules  have  time  to  subside  to  an  appreciable  extent,  leaving  an  upper 
stratum  qf  nearly  colourless  fluid,  which  by  the  cautious  use  of  a  spoon  may 
be  removed  and  collected  Jn  a  separate  vessel.  The  bttffy  coat  of  such  blood 
is  the  pure  fibrin  separated  by  coo^ulation  from  the  liquor  sanguinis.  The 
coagulable  lymph  of  Surgeons,  which  is  thrown  out  on  cut  surfaces,  appears 
to  be  the  liquor  sanguinis ;  and  this  fluid  is  also  not  onfirequently  exhaled  in 
dropsies,  when  the  fibrin  either  constitutes  a  gelatinous  deposite,  or  appears 
as  white  flakes  floating  in  the  serous  fluid.  It  is  poured  out  by  the  intes- 
tines during  an  attack  of  cholera,  the  rice-water  fluid  characteristic  of  that 
disease  consisting  of  a  saline  and  albuminous  solution,  in  which  numerous 
shreds  of  fibrin  are  suspended. 

When  blood  drawn  from  a  healthy  person  is  set  at  rest,  it  speedily  coagu- 
lates, and  is  found  after  a  few  hours  to  have  separatefl  itself  into  two  parts, 
one  the  serum  identical  with  that  obtained  from  the  liquor  sanguinis,  and  the 
other  a  uniformly  red  coagulum  called  the  dot,  cnior,  or  eraemmentum. 
The  uniform  redness  of  the  clot  is  owing  to  the  fibrin  coagulating  before  the 
red  globules  have  had  time  to  subside.    It  contains  the  colouring  matter  of 
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the  Uood,  togrotlier  with  all  the  fibriD,  except  traces  held  in  solution  in  the 
seram,  as  wdl  that  which  had  formed  part  of  the  liquor  sanguinis,  as  the 
fibrinous  nuclei  of  the  red  globules.  The  ratio  of  the  clot  and  serum  is  very 
variable,  and  by  no  means  represents  the  quantity  of  fibrin  or  colouring  mat- 
ter  contained  in  the  blood.  Dr,  B.  Babington  has  shown,  in  the  essay  dready 
referred  to,  that  the  ratio  materially  depends  on  the  figure  of  the  containixjg 
vessel : — ^two  portions  of  blood  were  drawn  from  the  same  person,  one  being 
received  and  allowed  to  coagulate  in  a  pear-shaped  bottle,  and  the  other  in  a 
pint  basin ;  and  the  ratio  of  serum  to  clot  was  as  1000  to  1293  in  the  former, 
and  as  1000  to  1717  in  the  latter.  In  fact,  when  a  mass  of  coagulating  blood 
is  contained  in  a  spherical  vessel,  the  particles  of  fibrin  being  little  removed 
fipm  a  common  centre  are  more  powerfully  attracted  towards  each  other, 
yield  a  denser  clot,  and  squeeze  out  more  serum,  than  when  the  coagulation 
takes  place  in  a  shallow  wide  basin,  where  the  particles  are  spread  over  a 
large  surfiice.  The  dot  of  the  former  is  compact  and  small ;  wJiile  that  of 
the  latter,  being  spongy,  and  hence  retaining  much  serum  within  it,  is  larffe 
and  abundanti  though  the  actual  quantity  of  solid  matter  is  the  same  in  both. 
The  following  table  ezbibits  the  results  of  two  careful  analyses  of  the  blood 
by  Lecanu :— (An.  de  Ch.  et  de  Ph.  xlviii.  308.) 

Water  .... 

Fibrin  .... 

Colouring  matter 

Albumen       .... 

Crystalline  fatty  matter 

Oily  matter 

Extractive  matter  soluble  in  water  and  alcohol 

Albumen  combined  with  soda 

Chloride  of  sodium   . 

I         potassium  • 

Carbonates  )  )»        8.370  7.304 

Phosphates  >  of  potassa  and  soda 
Sulphates    ) 

Carbonates  of  lime  and  magnesia     . 

Phosphates  of  lime,  magnesia,  and  iron      \         2.100  1.414 

Peroxide  of  iron        .            .            .          i 
Loss 2.400  2.566 


780.145 

785.590 

2.100 

3.565 

133.000 

119.626 

65.090 

69.415 

2.430 

4.300 

1.310 

2iJ70 

1.790 

1.920 

li265 

2.010 

1000.000     1000.000 

The  earthy  salts  were  obtained  by  incinerating  the  albumen,  and  tlie 
trace  of  iron  was  obviously  derived  from  a  litUe  colouring  matter  of  the 
blood.  Fatty  matter  appears  to  be  always  present  in  serum,  bavin?  been 
found  by  Dr.  B.  Babington  as  well  as  by  Lecanu :  the  former  obtained  it  by 
agitating  serum  repeatedly  but  genUy  with  ether,  which  took  up  the  fattv 
substance,  and  left  it  by  evaporation  ;  while  the  latter  mixed  the  serum  with 
alcohol,  and  dissolved  the  fatty  principles  from  the  alcoholic  extract  by 
means  of  ether.  The  oily  matter  of  the  serum  is  very  soluble  in  ether  and 
cold  alcohol,  is  liquid  at  common  temperatures,  and  is  readily  converted  into 
soap  by  potassa.  The  crystalline  fatty  matter  is  similar  in  appearance  to 
cholesterine,  resists  the  action  of  potassa,  and  is  soluble  in  ether  and  boiling 
alcohol :  it  appears  to  contain  nitrogen  as  one  of  its  elements. 

The  relative  proportion  of  the  ingredients  of  the  blood  must  necessarily 
vary  independent  of  disease  even  in  the  same  individual,  according  as  the 
nutrition  is  scanty  or  abundant  According  to  Lecanu  slight  variations  arise 
from  difference  of  afe  and  sex,  and  the  following  comparative  view  is  the  mean 
of  his  analysb  made  with  blood  drawn  from  ten  women  and  from  ten  men. 


604  BLOOD. 


Water 

Albumen 

Saline  and  extractive  matter 

Red  (jrlobulea 


Female. 

804.37 

69.72 

9.95 

115.96 

Male. 

789-32 
67.50 
10.69 

132.49 

1000.00  1000.00 


In  addition  to  the  constituents  of  the  blood  already  enumerated,  M.  Bar- 
ruel  declares  that  this  fluid  contains  a  volatile  principle,  peculiar  to  each 
species  of  animal.  This  principle  has  an  odour  resembling  that  of  the  cu- 
taneous or  pulmonary  exhalation  of  the  animal,  and  serves  as  a  distinctive 
character  by  which  the  blood  of  different  animals  may  be  recognized.  It  is 
dissolved  in  the  blood,  and  its  odoar  may  be  perceived  when  the  blood  or  its 
serum  is  mixed  with  strong  sulphuric  acid.  The  odour  is  commonly 
stroncrcr  in  tlje  male  than  in  the  female.  In  man  it  resembles  the  human 
perspiration ;  in  the  ox,  it  smells  like  oxen  or  a  cow-house ;  and  the  odour 
from  horses'  blood  is  similar  to  that  of  their  perspiration.  (Joum.  of  Science, 
vi.  N.  S.  187.)  Should  tlie  accuracy  of  these  observations  be  confirmed,  they 
may  be  advantageously  applied  in  some  cases  of  legal  medicine. 

Minute  portions  of  alumina,  silica,  and  manganese  have  been  detected  in 
the  blood,  and  Dr.  O'Shaughness^  confirms  the  statement  of  M.  Sarzeau 
that  a  trace  of  copper  may  likewise  be  found ;  but  the  extremely  minute 
quantity  in  which  these  substances  occur,  renders  it  doubtful  whether  they 
really  exist  in  the  blood,  or  are  casually  Introduced  in  the  course  of  ana- 
lysis. Dr.  Clanny  reports  the  existence  of  a  large  quantity  o£free  carbon 
in  the  blood ;  but  I  am  not  aware  that  the  statement  is  borne  out  by  experi- 
ment, and  it  ia  entirely  opposed  to  the  observation  of  other  chemists.  Of 
the  presence  of  free  carbonic  acid  in  the  blood,  I  shall  have  occasion  to 
speak  while  discussing  the  subject  of  respiration. 

Serum  of  the  Blood. — This  liquid,  which  separates  during  the  coagulation 
of  the  blood,  has  a  yellowish  colour,  is  transparent  when  carefully  collected, 
has  a  slightly  saline  taste,  and  is  somewhat  unctuous  to  the  touch.  Its 
average  specific  gravity  is  about  1.029.  It  has  a  slight  alkaline  reaction 
with  test  paper,  owing  to  the  presence  of  sods,  which  some  chemists  believe 
to  be  combined  with  carbonic  acid,  and  others  with  albumen:  the  last 
opinion  is  the  more  probable,  since  serum,  when  agitated  with  carbonic 
acid,  absorbs  that  gas  in  considerable  quantity.  Like  otlier  albuminous 
liquids,  it  is  coagulated  by  heat,  acids,  alcohol,  and  all  other  substances 
which  coagulate  albumen.  On  subjecting  the  coagulum  prepared  by  heat 
to  gentle  pressure,  a  small  quantity  of  a  colourless  limpid  fluid,  called  the 
teroniy,  oozes  out,  which  contains,  according  to  Dr.  Bostock,  about  l-50th 
of  its  weight  of  animal  matter,  together  with  a  little  chloride  of  sodium.  Of 
this  animal  matter  a  portion  is  albumen,  which  may  easily  be  coagulated  by 
means  of  galvanism ;  but  a  small  quantity  of  some  other  principle  is  present, 
which  differs  both  from  albumen  and  gelatin.    (Medico-Chir.  Trans,  ii.  166.) 

The  composition  of  the  serum,  according  to  the  late  analysis  of  Lecanu, 
may  be  seen  from  his  analysis  of  the  blood,  abstracting  the  colouring  mat- 
ter and  fibrin  which  are  foreign  to  it  (page  603).  The  late  Dr.  Marcet 
found  that  1000  parts  of  the  serum  of  human  blood  are  composed  of  water 
900  parts,  albumen  86.8,  muriate  of  potassa  and  soda  6.6,  muco-extractive 
matter  4,  carbonate  of  soda  1.65,  sulphate  of  potassa  0J5,  and  of  earthy 
phosphates  0.60.  This  result  agrees  very  nearly  with  that  obtained  by  Ber- 
zelius,  who  states  that  the  extractive  matter  of  Marcet  is  lactate  of  soda 
united  with  animal  matter.  (Medico-Chir.  Trans,  iii.  231.) 

Colouring  Matter  of  the  Blood. — ^This  subsUncc,  to  which  the  term  hema.. 
to&ine  is  n6w  applied,  is  so  analogous  in  most  of  its  chemical  relationfl  to 
albumen,  that  its  complete  separation  from  it  ts  attended  with  great  difficulty. 
It  is  obtained  i^arly  pure  by  cutting  the  clot  of  blood  into  yery  thm  slices 
with  a  sharp  knife,  as  advised  by  Berzelius,  soaking  them  repeatedly  in  di^- 
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tilled  water,  and  letting  them  drain  on  bibuloae  paper  after  each  immersion: 
the  slicee  are  then  broken  up  in  distilled  water  with  a  stick,  briskly  stirring 
in  order  to  dissolve  the  eolooringr  matter ;  and  the  filtered  solution  is  evapo- 
rated  to  dryness  in  shallow  capsules  or  dishes  at  a  temperature  of  60°  or 
100°  F.  As  thus  prepared  the  colouring  matter,  or  hematosine,  is  soluble 
and  possessed  of  all  its  characters;  but  it  retains  a  little  serum.  It  may  be 
still  further  purified  by  the  method  of  Engelhart,  which  is  founded  on  the 
fact  that  hematoeine  is  more  coagulable  by  heat  than  albumen :  serum  di- 
luted with  ten  parts  of  water  does  not  coa^rulate  at  160° ;  whereas  hema- 
tosine,  dissolved  in  fifty  parts  of  water,  begins  to  coagulate  at  149°,  and  Is 
thrown  down  in  insoluble  flocks  of  a  brown  colour.  Unfortunately,  how. 
ever,  its  characters  are  changed  by  this  operation,  uncoagulated  and  coagu- 
lated hematosine  bearing  the  same  relation  to  each  other  as  soluble  and 
insoluble  albumen.  For  the  purpose  of  ultimate  analysis  the  pure  insolu- 
ble  hematosine  should  be  employed;  but  for  examining  the  properties  of 
hematosine,  its  less  pure  but  soluble  state  is  preferable. 

Soluble  hematosine,  when  quite  dry,  is  black,  with  a  lustre  like  iet  in 
mass  and  red  in  powder  or  in  thin  layers,  is  insipid  to  the  taste,  and  modo- 
reus.  In  cold  water  it  readily  dissolves,  forming  a  red  liquid,  which  may  be 
preserved  without  change  for  months.  Its  solution,  like  that  of  albumen, 
may  be  coagulated  by  licat  as  already  mentioned ;  but  when  quite  dry  it 
may  be  heated  to  212°  without  being  rendered  insoluble.  Alcohol  and  acids 
likewise  precipitate  it :  the  latter  deepen  its  tint,  and  fall  in  combination 
with  it;  but  the  compounds  of  hematosine  with  the  muriatic,  sulphuric,  and 
acetic  acid  may  be  dissolved  in  water  by  means  of  an  excess  of  their  acid. 
The  alkalies  do  not  precipitate  the  aqueous  solution  of  hematosine ;  but  its 
solution  in  hydrochloric  acid  yields  red  flocks  on  the  addition  of  ammonia. 
With  some  of  the  metallic  oxides  it  forms  insoluble  compounds,  especially 
with  the  oxides  of  tin  and  mercury ;  and  hence  the  salts  of  these  metals 
precipitate  hematosine.  In  most  of.  these  properties,  colour  excepted,  it  re- 
sembles  albumen ;  but  Lecanu  has  indicated  two  pointed  differences : — 1.  a 
solution  of  hematosine  is  not  precipitated  by  the  acetate  or  subacetate  of 
oxide  of  lead,  while  both  of  these  salts  throw  down  albumen  ;  2.  the  pre. 
cipitate  occasioned  by  hydrochloric  acid,  when  pressed  between  folds  of  linen 
to  remove  adhering  acid  and  well  dried,  is  soluble  in  strong  boiling  alcohol, 
whereas  the  corresponding  compound  of  albumen  and  hydrochloric  acid  is 
quite  insoluble.  By  this  character  Lecanu  found  that  hematosine,  carefully 
prepared  from  human  blood,  contains  very  little  albumen ;  but  that  the  co- 
louring matter  of  blood  from  the  ox  and  sheep  appears  to  be  a  compound,  in 
nearly  equal  parts,  of  hematosine  and  albumen.  (An.de  Ch.  ct  de  Ph.xlv.  5.) 

Hematosine,  according  to  the  analysis  of  Michaelis,  consists  of  carbon, 
hydrogen,  nitrogen,  and  oxygen,  very  nearly  in  the  same  ratio  as  in  fibrin 
and  albumen ;  but  it  differs  from  both  in  coiftaining  iron.  This  was  an- 
nounced  in  1806  by  Bcrzelius  in  his  comparative  examination  of  the  ingre- 
dients  of  the  blood  (Medico-Chir.  Trans,  iiu  213):  from  the  albumen  and 
fibrin  he  could  obtain  no  iron ;  but  100  parts  of  hematosine,  when  burned  in 
the  open  air,  left  1.25  of  ashes,  containing  0.625  of  oxide  of  iron,  and  0.625 
of  a  mixture  of  carbonate  and  phosphate  of  lime,  phosphate  of  magnesia, 
and  subphosphato  of  oxide  of  iron.  He  was  unable  to  detect  the  presence  of 
iron  by  any  of  the  liquid  tests.  These  facts,  though  questioned  by  other 
chemists,  were  fully  established  by  Dr.  Engelhart,  who  gained  the  prize 
offered  in  the  year  1825  by  the  Medical  Faculty  of  Gottingen  for  the  best 
Essay  on  the  nature  of  the  colouring  matter  of  the  blood  (Kdinb.  Med.  and 
Surg.  Journ.  for  January,  1827).  He  demonstrated  that  the  fibrin  and  albu- 
men of  the  blood,  when  carefully  separated  from  colouring  particles,  do  not 
contain  a  trace  of  iron  ;  and,  on  the  contrary,  he  procured  iron  from  the  red 
globules  by  incineration.  But  he  likewise  succeed  in  proving  the  exist- 
ence of  iron  in  the  colouring  matter  of  the  blood  by  the  liquid  tests;  for,  on 
transmitting  a  current  of  chlorine  gas  through  a  solution  of  the  red  glo- 
biile%  the  colour  entirely  disappeared,  while  flocks  were  thrown  down,  r^ ' 
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a  intneparcnt  solution  remained,  in  which  peroxide  of  iron  was  diseorefed  bj 
all  the  usual  rengenXa,  The  results  obtained  by  Dr.  EogcUiart,  relative  to 
the  quantity  of  the  iron,  correspond  with  those  of  Berzelius.  These  hctm 
have  been  since  confirmed  by  Rose,  who  has  accounted  in  a  satisfacfcorj 
manner  for  the  failure  of  former  chemists  in  detecting  'iron  in  the  hlood 
while  in  a  fluid  state.  He  finds  that  oxide  of  iron  cannot  be  precipitated  bj 
the  alkalies,  hydrosalphuret  of  ammonia,  or  infusion  of  galls,  if  it  is  dissolvmi 
in  a  solution  which  contains  albumen  or  other  soluble  organic  principles. 

From  the  presence  of  iron  in  hematosine,  and  its  total  absence  in  the  other 
principles  of  the  blood,  chemists  were  induced  to  suspect  that  its  peculiar 
colour  was  in  some  way  or  other  produced  by  that  metal,  an  idea  which  re- 
ceived additional  support  from  the  known  tendency  of  peroxide  of  iron  to 
form  salts  of  a  red  colour.  But  this  view,  though  plausible  on  these  grounds, 
is  in  other  respects  improbable.  The  real  state  in  which  iron  exists  in  the 
blood  is  quite  unknown,  and  its  minute  proportion  seems  unequal  to  produce 
so  intense  a  colour  as  that  of  the  blood.  The  only  probable  mode  of  explain- 
ing  the  diversity  of  tints  which  agents  of  different  kinds  produce  in  the 
blood,  is  to  adopt  the  opinion  ably  maintained  by  Mr.  Brande,  who  suppoaoa 
that  the  tint  of  hematosine  is  owing  to  a  peculiar  animal  colouring  principle, 
capable  like  cochineal  or  madder  of  acting  as  a  dye,  and  of  combining  with 
metallic  oxides.  He  succeeded  in  obtainmg  a  compound  with  hematosine 
and  oxide  of  tin ;  but  it  yields  the  finctit  lakes  with  n'rtrate  of  peroxide  of 
mercury  and  corrosive  sublimate.  Woollen  cloths  impregnated  with  either 
of  these  compounds,  and  immersed  in  an  aqueous  solution  of  hematosine, 
acquired  a  permanent  red  dye,  unchangeable  by  washing  with  soap.  (Phil. 
Trans.  1812.) 

Fibrin  of  the  Blood, — Fibrin  appears  to  exist  in  the  blood  in  two  states,  as 
already  mentioned ; — as  the  central  nuclei  of  the  rod  globules,  and  in  solu- 
tion in  the  serum.  The  fibrin  from  boUi  sources  is  obtained  by  beating  up 
the  clot  of  blood  with  successive  portions  of  water,  so  as  to  dissolve  all  the 
serum  and  colouring  matter,  leaving  the  insoluble  fibrin  quite  white ;  but 
the  best  mode  of  separation  is  to  stir  recently  drawn  blood  with  a  stick 
during  coagulation,  when  the  fibrin  adheres  to  it  in  strings,  which  are  easily 
rendered  colourless  by  washing. 

Coagulation  of  the  Blood, — ^This  phenomenon  is  occasioned  by  the  agglu- 
tination of  the  fibrin  of  the  blood, — both  of  the  nuclei  of  the  red  globules, 
afler  they  have  lost  tlieir  colouring  envelope,  and  of  that  part  which  is  in 
solution.  The  time  required  for  coagulation  is  influenced  by  temperature, 
bein?  promoted  by  heat,  and  retarded  by  cold.  Sir  C.  Scudamore  finds  that 
blood  which  begins  to  coagulate  in  four  minutes  and  a  half  in  an  atmosphere 
of  53^,  undergoes  the  same  change  in  two  minutes  and  a  half  at  98° ;  and 
that  which  coagulates  in  four  minutes  at  98°  will  become  solid  in  one  minute 
at  120°.  On  the  contrary,  blood  which  coagulates  firmly  in  five  minutes  at 
60°  will  remain  quite  fluid  for  twenty  minutes  at  the  temperature  of  40°, 
and  requires  upwards  of  an  hour  for  complete  coagulation.  (Scudamore  on 
the  Blood.) 

The  process  of  coagulation  is  influenced  by  exposure  to  the  air.  If  atmo- 
spheric air  be  excluded,  ns  by  filling  a  bottle  completely  with  recently  drawn 
blood,  and  closing  the  orifice  with  a  good  stopjier,  coagulation  is  retarded. 
It  is  singular,  however,  that  if  blood  be  confined  within  the  exhausted  re- 
ceiver of  an  air-pump,  the  coagulation  is  accelerated.  (Scudamore.) 

Recently  drawn  blood,  owing  doubtless  to  its  temperature,  is  known  to 
give  off  a  portion  of  aqueous  vapour,  which  has  a  peculiar  odour,  indicative 
of  the  presence  of  some  peculiar  principle,  but  in  which  nothing  but  water 
can  be  detected.  Physiologists  are  not  agreed  upon  the  question  whether 
the  act  of  coagulation  is  or  is  not  accompanied  with  disengagement  of  gase- 
ous  matter.  In  the  experiments  of  Vogel,  Brande,  and  Scudamore,  blood 
coagulating  in  the  vacuum  of  an  air-pump  was  found  to  emit  carbonic  acid, 
and  Scudamore  even  inferred  tliat  tlie  evolution  of  this  gas  constitutes  an 
essential  part  of  the  process.  Other  experimentalists,  hdwever,  have  obtained 
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a  different  result.  Dr.  John  Davy  and  the  late  Dr.  Dunctn,  jun^  failed  in 
their  atteinpta  to  procure  carbonic  acid  from  blood  during  coagulation ;  and 
"Dr.  Christison,  in  an  experiment  which  I  witneseod,  was  not  more  success* 
faL  This  evidence  seems  positive  against  the  notion  that  the  evolution  of 
<sarboDic  acid  gas  is  an  essential  part  of  coagulation.  The  elistenoe  of  car- 
bonic  acid  in  venous  blood,  is  a  different  question,  and  this  point  will  be  dis- 
cussed under  the  head  of  respiration. 

Coagulation  is  influenced  by  the  rapidity  with  which  the  blood  is  removed 
from  the  body.  Sir  C.  Scodamore  observed,  that  blood  slowly  drawn  from  a 
▼ein  coagulates  more  rapidly  than  when  taken  in  a  foil  stream. 

Experiments  are  still  wafiting  to  show  tlie  influence  of  different  gases  oa 
coagulation.  Oxygen  gas  accelerates  coagulation,  and  carbonic  acid  retards 
but  cannot  prevent  it. 

Heat  is  evolved  during  the  coagulation  of  the  blood.  The  late  Dr.  Gordon 
estimated  the  rise  of  the  thermometer  at  six  degrees ;  and  Dr.  Davy,  on  the 
other  hand,  regards  the  increase  of  temperature  from  this  cause  as  very 
slight.  Sir  C.  Scudamore  finds  that  the  rate  at  which  blood  cools  is  distinctly 
slower  than  it  would  be  were  no  caloric  disengaged,  and  he  observed  tbio 
thermometer  to  rise  one  degree  at  the  commencement  of  coagulation. 

Some  substances  prevent  the  coagulation  of  the  blood.  Tins  effect  is  pro- 
duoed  by  a  saturated  solution  of  chloride  of  sodium,  hydrochlorate  of  am. 
monia,  nitre,  and  a  solution  of  potassa.  I'he  coagulation,  on  the  contrary, 
is  promoted  by  alum  and  the  sulphates  of  the  oxides  of  zinc  and  copper. 
The  blood  of  persons  who  have  died  a  sudden  violent  death,  by  some  kinds 
of  poison,  or  from  mental  emotion,  is  usually  found  in  a  fluid  state.  Light- 
ning is  said  to  have  a  similar  effect;  but  Sir  C.  Scudamore  declares  this  to 
be  an  error.  Blood,  through  which  electric  discharges  were  transmitted, 
coagulated  as  quickly  as  that  which  was  not  electrified ;  and  in  animals  killed 
by  the  discharge  of  a  powerful  galvanic  battery,  the  blood  in  the  veins  was 
always  found  in  a  solid  state. 

The  cause  of  the  coagulation  of  the  blood  has  been  the  subject  of  much 
speculation  to  physiologists.  The  tendency  of  this  fluid  to  preserve  the 
liquid  form  while  contained  in  a  living  animal,  cannot  be  ascribed  to  the 
motion  to  which  it  is  continually  subject  within  the  vessels.  It  is  a  familiar 
fact  that  blood,- though  continually  stirred  out  of  the  body,  is  not  prevented 
from  coagulating ;  and  it  has  bren  noticed,  that  the  coagulation  of  blood 
which  is  set  at  rest  within  its  proper  vessels  by  the  application  of  ligatures, 
or  which  has  been  accidentally  extravasatcd  within  the  body,  is  materially 
retarded.  It  has,  indeed,  been  hitherto  found  impossible  to  account  in  a 
satisfactory  manner  for  the  blood  retaining  fluidity  by  reference  to  motion, 
temperature,  or  the  operation  of  any  physical  or  chemical  laws ;  and,  conse- 
quently, it  is  generally  ascribed  to  the  agency  of  the  vital  principle.  The 
blood  is  supposed  either  to  be  endowed  with  a  principle  of  vitality,  or  to  re- 
ceive from  the  living  parts  with  which  it  is  in  contact  a  certain  vital  impres- 
sion, which,  together  with  constant  motion,  counteracts  its  tendency  to 
coagulate. 

Blood  in  Disease. — ^The  blood  may  be  diseased  either  by  the  excess  or  dc- 
ficicncy  of  one  or  more  of  its  proper  constituents,  or  from  the  presence  o^ 
substances  which  are  foreign  to  it.  One  familiar  instance  of  diseased  blood 
is  jaundice,  when  bile  enters  the  circulation  and  is  distributed  to  every  or- 
ganized part  of  tlie  body.  Though  the  presence  of  bile  in  the  blood  during 
jaundice  has  been  detected,  yet  its  passage  into  the  circulating  mass  appears 
so  rapidly  succeeded  by  its  exit,  that  its  detection  in  the  blood  itself  is  gene- 
rally difficult.  Urea  has  also  been  detected,  sometimes  in  very  large  quan- 
tity :  it  appears  to  be  constantly  present  in  the  blood,  whenever  the  secretion 
of  urine  is  suppressed.  Prevost  and  Dumas  wholly  arrested  the  secretion  of 
urine  in  a  dog  by  tying  the  renal  vessels  and  excising  the  kidneys,  and  two 
days  afler  the  operation  they  obtained  20  grains  of  urea  from  5  ounces  of  his 
blood.  (An.  de  Cb.  et  de  Ph.  xxxiii.  90.)  Dr.  Christison  found  urea  in  the 
blood  of  persona  fttfl^ring  under  renal  disease^  as  will  be  mentioned  in  tb^ 
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Mdion  on  the  urine ;  and  Dr.  Proat  appears  also  to  have  made  a  aimilar  6b- 
Mnratkm.  The  Berum  of  the  Mood  in  this  affection  haa  usually  a  lower  sp. 
gr.  than  healthy  serum,  the  avera^  of  several  eases  beinr  1.0S1  (Gregory) ; 
and  the  albumen  is  in  smaller  proportion  than  natural  Urea  has  been  de- 
tected by  Dr.  0*Shaugnessy  in  the  blood  of  persons  labouring  under  cholera, 
in  which  disesse  the  action  of  the  kidneys  is  generally  Ywy  much  disturbed. 
The  sp.  gr.  of  the  serum  of  diabetic  blood  is  usually  above  the  natural  stand- 
ard, being  so  hiffh  as  1.0354.  (Marcet). 

The  serum  of  blood,  instead  of  being  transparent,  as  it  commonly  ia^  has 
sometimes  a  doody  appearance  like  whey,  and  in  some  more  rare  instances 
is  perfectly  opaque  and  white,  as  if  it  had  been  mixed  with  milk.  The  cause 
of  the  opacity  has  been  experimentally  examined  by  Drs.  Traill  and  Chris- 
tison,  who  have  traced  it  to  the  presence  of  oleaginous  matter,  which  the 
latter  has  shown  to  contain  both  stearine  and  elaine,  and  to  be  very  similar 
to  human  fat.  The  milkiness  may,  therefore,  be  ascribed  to  fat  being  me- 
ehanically  diffused  through  the  serum  like  oil  in  an  emulsion.  It  may  be 
easily  separated  by  agitating  the  scrum  in  a  tube  with  half  its  bulk  of  sul- 
phuric  ether,  when  the  adipose  matter  is  instantly  dissolved,  the  opacity  in 
consequence  disappears,  and  on  evaporating  the  clear  ethereal  solution,  which 
rises  to  the  surface  of  the  mixture,  the  fat  is  obtained  in  a  separate  state. 
By  this  means  he  procured  on  one  occasion  five  per  cent  of  fat  from  milky 
serum,  and  one  per  cent,  from  serum  which  had  the  aspect  of  whey.  (Edinb. 
Med.  and  Surg.  Journal,  April,  1830.) 

The  most  remarkable  kind  of  diseased  blood  which  has  yet  been  studied 
by  chemists  is  that  which  occurs  in  cholera.  During  the  progress  of  that 
disease  an  enormous  discharge  takes  place  of  a  whitish-coloured  fluid  simi. 
lar  to  a  mixture  of  boiled  rice  with  water,  an  appearance  occasioned  by  a 
white  flaky  matter  floating  in  a  nearly  colourless  liquid.  The  insolubUf 
part  has  the  diaracter  of  fibrin :  while  the  liquid  portion  is  a  weak  solution 
of  albumen,  is  faintly  alkaline,  and  contains  the  same  kind  of  salte  as  exist 
in  the  blood.  On  examining  the  blood  itself,  it  is  found  to  contain  less 
water  and  more  albumen  and  nematosine  than  healthy  blood ;  the  density  of 
the  serum  is  consequently  greater  than  usual;  iU  colour  is  remarkably 
black  even  in  the  arteries ;  in  some  cases  it  is  semi*fluid  and  incapable  of 
coagulating,  having  the  appearance  of  tar ;  and  the  salts  of  the  blood  are 
often  in  unusually  small  quantity,  being  sometimes  almost  entirely  wanting. 
On  comparing  the  condition  of  the  blood  witli  that  of  the  discharges,  it  is 
manifest  that  the  latter  contain  all  the  ingrediente  of  the  blood  except  the 
red  globules ;  but  that  the  aqueous  and  saline  parts  pass  out  of  the  circula- 
tion more  rapidly  than  the  albuminous. 

The  cau!<e  of'the  dark  colour  of  the  blood  in  cholera  is  a  point  by  no 
means  decided.  Dr.  Thomson  states  that  the  blood  in  cholera  is  not  ren- 
dered florid  by  exposure  to  atmospheric  air,  and  hence  argues  that  the  dark 
colour  is  owing  to  some  diseased  condition  of  the  blood  which  unfits  it  for 
being  duly  arterializcd;  but  this  view  is  opposed  to  the  statement  of  Dr. 
0*Shau^hnc8sy,  who  declares  that  the  dark  blood  in  cholera  is  susceptible 
of  arterrolizalion, — ^that,  at  least,  on  being  agitated  with  air,  it  is  rendered 
florid,  absorbs  oxygen,  and  emite  carbonic  acid  gas.  Dr.  Stevens,  in  his 
treatise  on  the  blood,  mainteins  that  the  black  colour  is  primarily  owing. to 
the  contegion  of  cholera,  which  throws  the  circulating  fluids  into  a  morbid 
state;  and  that  the  effect  of  the  poison  is  increased  by  the  diminished 
quantity  of  saline  matter,  an  opinion  intimately  connected  with  his  theory 
of  arterial ization,  which  will  shortly  be  explained.  Ho  has  observed  the 
blood  of  persons  living  in  a  cholera  hospital  to  be  preternaturally  dark, 
thouj|rh  they  were  not  n  fleeted  with  the  disease.  Perhaps  the  most  correct 
opinion  is,  that  the  blood  of  perstms  in  cholera,  in  consequence  of  deranged 
arterial  action,  circulates  sluggishly,  and  is  hence  imperfectly  arterializcd: 
from  this  cause  the  dark  colour  may  arise  without  any  diminution  of  saline 
matter;  and  it  may  disappear,  from  an  improved  circulation,  without  the 
administration  of  salt    But  there  is  no  doubt  that  loss  of  saline  matter  in- 
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creaiM  the  dark  tint  of  the  hlood,  uid  prevents  it  from  acquiring  the  arterial 
colour. 

The  sabstanoe  known  under  the  name  of  Uaek  vomit,  ejected  by  the 
stomach  during  the  last  stage  of  yellow  feytr,  appears  from  the  obierTk 
tions  of  Dr.  StcTcns  to  be  blood  blackened  and  partially  coagulated  by  a 
free  acid.  The  acidity  is  suspected  by  Dr.  Prout  to  arise  from  the  secretioB 
of  acetic  acid ;  and  the  presence  of  hydrochloric  acid  is  also  probable. 

JRespiration. 

When  venous  blood  is  brought  into  contact  with  atmospheric  air,  its  sur. 
fiioe  passes  from  a  dark  purple  to  a  florid-red  colour,  oxygen  gas  disappears, 
&nd  carbonic  acid  gas  is  emitted.  The  change  takes  place  more  speedily 
when  air  is  agitated  with  blood ;  it  is  still  more  rapid  when  pure  oxygen  is 
substituted  for  atmospheric  air;  and  it  does  not  occur  at  all  when  oxygen 
is  entirely  excluded.  These  facts,  which  were  long  considered  indisputahle, 
have  been  questioned  by  Dr.  Davy ;  but  they  are  nevertheless  perAsctly  true, 
and  have  been  fully  established  by  Dr.  Christison.  (Edin.  Med.  and  Surg. 
Journal,  Jan.  1831.)  The  quantity  of  carbonic  acid  developed  very  exactly 
corresponds  with  the  oxygen  which  disappears ;  but  when  the  Mood  and  air 
are  agitated  together,  part  of  the  carbonic  acid  which  would  otherwise  be 
fi>nnd  as  gas,  is  absorbed  by  the  serum.  It  appears  certain,  from  the  expe- 
riments of  Dr.  Christison,  that  the  colouring  matter  is  the  part  of  the  blood 
essentially  concerned  in  the  phenomenon ;  an  inference  which  is  drawn, 
not  from  the  mere  change  of  tint,  but  from  the  effect  of  the  blood  on  the  air 
varying  with  the  quantity  and  condition  of  the  colouring  matter.  In  some 
fevers,  as  acute  rheumatism,  in  which  the  circulation  is  rapid  and  the  respi- 
ration free,  the  venous  blood  is  found  to  be  very  florid,  and  to  withdraw  very 
little  oxygen  from  air ;  and  a  similar  scanty  abstraction  of  oxygen  is  ob- 
served  in  dark  venous  blood,  when  its  usual  proportion  of  colouring  matter 
is  deficient 

The  conversion  of  the  dark  purple  colour  of  venous  blood  into  the  florid 
tint  of  that  contained  in  the  arteries,  is  familiarly  expressed  by  the  term 
arterialization ;  or,  more  strictly,  this  name  is  applied  to  a  change  in  the 
institution  of  the  blood,  which  is  accompanied  and  indicated  by  change  of 
colour,  evolution  of  carbonic  acid,  and  ahBtraction  of  oxygen  from  the  air. 

Chemists  have  differed  about  the  origin  of  the  carbonic  acid.  Some  sup- 
pose that  the  blood,  in  circulating  tbrougli  the  body,  becomes  charged  with 
carbon  in  some  unknown  mode  oT  combination,  which  causes  the  venous 
character;  and  that  when  such  blood  is  exposed  to  tlie  air,  its  redundant 
carbon,  by  a  process  of  oxidation,  unites  directly  with  atmospheric  oxygen, 
the  carbonic  acid  so  generated  is  set  free,  and  the  blond  unloaded  of  carbon 
recovers  the  arterial  character.  By  others,  venous  blood  is  thought  to  owe 
its  colour  to  the  presence  of  carbonic  acid  ready  formed  within  it :  they 
maintain  that  oxygen  gas  is  directly  absorbed  into  the  bkiod,  and  displaces 
the  pre-existing  carbonic  acid.  The  near  coincidence  between  the  quantity 
of  evolved  carbonic  acid  and  absorbed  oxygen,  which  has  been  urged  in 
favour  of  the  former  theory,  is  scarcely  an  argument  either  way ;  for  though 
true,  on  the  one  hand,  that  carbonic  acid  contains  its  own  volume  of  oxygen, 
it  is  also  true,  on  the  other,  that  if  one  gas  displaces  another  from  a  liquid, 
the  volumes  of  evolved  and  absorbed  gas  usually  correspond.  The  strongest 
evidence  is  in  favour  of  the  latter  theory.  Carbonic  acid  has  been  proved  to 
be  capable  when  absorbed  by  arterial  blood  of  causing  the  venous  character; 
and  Mr.  Hoffman  has  shown  that  when  venous  blood  is  received  from  a 
vein  into  a  vessel  full  of  hydrogen  gas,  without  exposure  to  the  atmosphere, 
and  is  then  agitated  with  the  hydrogen,  carbonic  acid  gas  is  evolved.  (Medi- 
cal Gazette,  March  30, 1833.) 

But  arterialization  does  not  alone  depend,  as  was  thought  till  latelv,  on  the 
influence  of  the  atmosphere.    Dr.  Stevens,  in  his  treatise  on  the  blood,  h^ 
the  merit  of  proving  the  saline  matter  of  the  serum  to  be  essential  tc 
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phenomenon.  Varioaa  nits,  each  u  nitre,  chlorate  of  potaen,  wa-nlt,  and 
bicarbonate  of  soda,  have  the  property  of  giving  to  hematoeine,  or  the  cohNir- 
ing  principle  of  the  blood,  a  bright  red  tint,  tar  more  florid,  when  a  strong 
■a&ne  solution  is  used,  than  arterial  blood.  A  saline  solution  of  the  reqiu- 
site  strength  gives  to  venous  blood  the  arterial  tint,  without  exposure  to  the 
air;  but  Uie  serum  contains  so  small  a  quantity  of  salt  that  its  efifect  be- 
eomes  visible  only  when  aided  by  the  agency  of  the  atmosphere.  A  clot  of 
Tenous  blood,  when  carefully  separated  from  its  serum,  is  not  brightened  by 
oxygen  gas ;  and  arterial  blood,  when  its  serum  is  displaced  by  pure  water, 
becomes  as  dark  as  venous  Uood.  Hence  it  may  be  inferred  that  the  change 
from  venous  to  arterial  blood  consists  of  two  parts  which  are  essentiaUy 
distinct:  one  is  attended  with  the  direct  absorption  of  oxygen,  and  the  evo- 
lution of  carbonic  acid  preexisting  in  venous  blood,  an  action  essential  to 
life ;  and  the  other,  the  most  conspicuous  but  probably  least  essential,  is  the 
effect  of  the  saline  parts  of  the  serum,  which  impart  a  florid  tint  to  the  co- 
louring matter  after  the  former  change  has  occurred.  By  what  means  the 
absorption  of  oxygen  gives  rise  to  the  evolutbn  of  carbonic  acid,  is  a  ques- 
tion which,  like  others  that  will  occur  to  the  attentive  reader,  has  not  been 
sufficiently  explained,  and  invites  further  investigation. 

The  same  changes  which  occur  in  blood  out  of  the  body  are  continually 
taking  place  witliin  it  During  respiration,  venous  blood  is  exposed  in  the 
lungs  to  the  agency  of  the  air  and  is  arterialized,  oxygen  gas  disappears, 
and  carbonic  acid  is  evolved;  and  it  is  remarkable  that  these  phenomena 
ensue  not  only  during  life,  but  even  after  death,  provided  the  respiratory 
process  be  preserved  artificially.  Since,  therefore,  all  the  characteristic 
phenomena  of  arterialiiation  are  the  same  in  a  living  and  in  a  dead  animal, 
and  whether  the  blood  is  or  is  not  contained  in  the  body,  it  seems  legitimate 
to  infer,  that  this  process  is  not  necessarily  dependent  on  the  vital  principle, 
but  is  solely  determined  by  the  laws  of  chemical  action. 

In  studying  the  subject  of  respiration,  the  first  object  is  to  determine  the 
precise  change  produced  in  the  constitution  of  the  air  which  is  inhaled. 
br.  Black  was  the  first  to  notice  that  the  air  exhaled  from  the  lungs  con- 
tains a  considerable  quantity  of  carbonic  acid,  which  may  be  detected  by 
transmission  through  lime-water.  Priestley,  some  years  afler,  observed 
that  air  is  rendered  unfit  for  supporting  flame  or  animal  life  by  the  process 
of  respiration ;  from  which  it  was  probable  that  oxygen  is  consumed;  and 
Lavoisier  subsequently  established  the  fact,  that  during  respiration  oxygen 
fna  disappears,  and  carbonic  acid  is  disengaged.  The  chief  experimental- 
ists who  have  since  cultivated  this  department  of  chemical  physiology  are, 
Priestley,  Scheele,  Lavoisier,  Seguin,  Crawford,  Goodwin,  Davy,  Ellis, 
Allen  and  Pcpys,  Edwards,  and  Despretz.  Of  these,  the  results  obtained  by 
Messrs.  Allen  and  Pepys  (Phil.  Trans.  1808),  and  Dr.  Edwards,*  are  the 
most  conclusive  and  satisfactory ;  their  researches  having  been  conducted 
with  great  care,  and  aided  by  all  the  resources  of  modern  chemistry. 

One  of  the  chief  objects  of  Allen  and  Pepys,  in  their  experiments,  was  to 
ascertain  if  any  uniform  relation  exists  between  the  oxygen  consumed  and 
the  carbonic  acid  evolved.  They  found  in  general  that  the  quantity  of  the 
former  exceeds  that  of  the  latter ;  but  as  the  difference  was  very  trifling, 
they  inferred  that  the  carbonic  acid  of  the  expired  air  is  exacdy  equal  to  the 
oxygen  which  disappears.  The  experiments  of  Dr.  Edwards  were  attended 
with  a  remarkable  result,  which  accounts  very  happily  for  some  of  the  dis- 
cordant statements  of  preceding  inquirers.  He  found  the  ratio  between  the 
gases  to  vary  with  the  animal.  In  some  animals  it  might  be  regarded  as 
nearly  equal ;  while  in  others  the  loss  of  oxygen  considerably  exceeded  the 
gain  of  carbonic  acid,  so  that  the  respired  air  suffered  a  material  diminution 
in  volume.  Witl^  respect  to  the  human  subject,  the  statement  of  Allen  and 
Pepys  seeiiis  very  near  the  truth. 

*  De  rinfluenoe  des  Agens  Physiques  sur  U,  Vie,  1824 
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The  quantity  of  ozy^n  withdrawn  from  the  atmoephore,  and  of  carbonic 
add  disengaged,  is  Tariable  in  different  individuals,  and  in  the  same  indivi- 
dual at  dmerent  time&  It  is  estimated  by  Allen  and  Pepys,  that  in  every 
minute  during  the  calm  respiration  of  a  healthy  man  of  ordinary  stature, 
26.6  cubic  inches  of  carbonic  acid  of  the  temperature  of  50°  are  emitted, 
and  an  equal  volume  of  oxygen  withdrawn  from  the  atmosphere.  From 
these  data  it  has  been  calculated,  that  in  an  interval  of  twenty-four  hours  not 
less  than  eleven  ounces  of  carbon  are  given  off  from  the  lungs  alone,-*an 
estimate  which  must  surely  be  inaccurate,  the  quantity  being  so  g^eat  as 
sometimes  to  exceed  the  weight  of  carbon  contained  in  the  food.  The  same 
observers  have  lately  found  the  production  of  carbonic  acid  in  a  pigeon, 
breathing  f^reely  in  atmospheric  air,  to  be  such  that,  supposing  the  same  rate 
to  continue,  the  bird  must  have  thrown  off  96  grains  of  carlM>n  in  the  space 
of  24  hours.  From  the  observations  of  Dr.  Prout,  it  appears  that  the  quan- 
tity of  carbonic  acid  emitted  from  the  lungs  is  variable  at  particular  periods 
of  the  day,  and  in  particular  states  of  the  system.  It  is  more  abundant 
during  the  day  than  the  night ;  about  daybreak  it  begins  to  increase,  con- 
tinues to  do  so  till  about  noon,  and  then  decreases  untQ  sunset.  During  the 
night  it  seems  to  remain  uniformly  at  a  minimum;  and  the  maximum 
quantity  given  off  at  noon  exceeds  the  minimum  by  about  one-fiflh  of  the 
whole.  The  quanti^  of  carbonic  acid  is  diminished  by  any  debilitating 
causes,  such  as  low  diet,  depressing  passions,  and  the  like.  (An.  of  Phil.  xiii. 
269.)  The  experiments  of  Dr.  Fyfe,  published  in  his  Inaugural  Disserta- 
tion, are  confirmatory  of  those  above  mentioned. 

Messrs.  Allen  and  Pepys  observed  that  atmospheric  air,  when  drawn  into 
the  lungs,  returns  charged  in  the  succeeding  expiration  with  from  8  to  6  per 
cent  of  carbonic  acid  gas ;  but  this  estimate  is  probably  too  high,  since  in 
some  recent  observations  of  Dr.  Apjohn  of  Dublin,  air,  once  respired,  con- 
tained only  3.6  per  cent  of  carbonic  acid.  When  an  animal  is  confined  in 
the  same  quantity  of  air,  death  ensues  before  all  the  oxygen  is  consumed : 
when  the  same  portion  of  air  is  repeatedly  respired  until  it  can  no  lonsrer 
support  life,  it  then  contains  10  per  cent,  of  carbonic  acid  according  to  Allen 
and  Pepys,  and  barely  8  per  cent,  according  to  Dr.  Apjohn.  (Edin.  Med.  and 
Surg.  Journal,  Jan.  1831.) 

Although  in  respiration  the  arterialization  of  the  blood  by  means  of  free 
oxygen  is  the  essential  change,  without  the  due  performance  of  which  the 
life  of  warm-blooded  animals  cannot  be  preserved  beyond  a  few  minutes,  and 
which  is  likewise  necessary  to  the  lowest  of  the  insect  tribe,  it  is  important 
to  determine  whether  the  nitro|fen  of  the  atmosphere  has  any  influence  in 
the  function.  The  results  of  different  inquirers  differ  considerably.  In  the 
experimentB  of  Priestley,  Davy,  Humboldt,  Henderson,  and  Pfaff,  there  ap- 
peared to  be  absorption  of  nitrogen,  a  less  quantity  of  that  gas  being  exhaled 
than  was  inspired.  Nysten,  BerthoUet,  and  Despretz,  on  the  contrary,  re- 
marked an  increase  in  the  bulk  of  the  nitrogen ;  and  from  the  researches  of 
Segnin  and  Lavoisier,  Vauquelin,  Ellis,  Dalton,  and  Spallanzani,  it  was  in- 
ferred that  there  is  neither  absorption  nor  exhalation  of  nitrogen,  the  quan- 
tity of  that  gas  undergoing  no  change  during  its  pMissage  through  the  air- 
ceUs  of  the  lungs.  Allen  and  Pepys  arrived  at  a  similiu:  conclusion  ;  and 
since  the  appearance  of  their  Essay,  the  opinion  has  prevailed  very  generally 
among  physiologists,  that  in  respiration  the  nitrogen  of  the  air  is  altogether 
passive. 

The  facts  ascertained  by  Ekiwards  relative  to  this  subject  are  novel  and 
of  peculiar  interest.  This  acute  physiologist  has  reconciled  the  discordant 
results  of  preceding  experimenters  by  showing  that,  during  the  respiration 
even  of  the  same  animal,  the  quantity  of  nitrogen  may  one  while  be  in- 
creased, at  another  time  diminished,  and  at  a  thurd  whoUy  unchanged.  He 
has  traced  these  phenomena  to  the  influence  of  the  seasons ;  and  he  sus- 
pects, as  indeed  is  most  probable,  that  other  causes,  independently  of  season, 
liaTe  a  share  in  their  production.  In  nearly  all  the  lower  animals  which 
were  made  the  subject  of  experiment,  an  augmentation  of  nitrogen  was  ob- 
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wiraUe  daring  iiiaimer.  Sonetiines,  indeed,  it  wu  lo  diifht  that  it  might 
be  disregarded.  Bat  in  mmny  other  instanoet,  it  was  w>  great  aa  to  place  ibm 
ikct  bevond  the  poeaihility  of  doubt;  and  on  aome  oocasiona  it  alnuMt 
equalled  the  whole  bulk  of  the  animaL  Such  eontinoed  to  be  the  reanh  of 
his  inquiries  until  the  doae  of  October,  when  he  obseryed  a  aenaible  diminii- 
taon  of  nitrogen,  and  the  same  continued  throughout  the  whole  oi  winter  and 
the  beginning  of  spring. 

There  are  two  modes  of  accounting  for  these  phenomena.  According  to 
one  yiew,  the  nitrogen  which  disappears  is  ascribed  to  the  abeorptioa  of 
what  was  inhaled,  and  its  increase  to  direct  exhalation,  the  opposite  pro- 
cesses of  absorption  and  exhalation  being  supposed  not  to  occur  at  the  sanae 
moment  According  to  the  other  view,  Irath  these  processes  are  always  goings 
on  at  the  same  time,  and  the  result  depends  on  the  preponderance  of  one 
oyer  the  other.  When  absorption  preyails,  a  smaller  quantity  of  nitrogen  is 
exhaled  than  was  inspired ;  when  exhalation  exceeds  absorption,  increase  of 
nitrogen  takes  place ;  but  when  absorption  and  exhalation  are  equal,  the 
bulk  of  the  inspired  air,  so  far  as  concerns  nitrogen,  is  unchanged.  The  lat- 
ter opinion,  which  is  adopted  by  Edwards,  ii  supported  by  two  decisive  ex- 
periments performed  by  Allen  and  Pepys,  in  one  of  which  a  guinea-pig  was 
confined  in  a  vessel  of  oxygen  gas,  and  in  the  other  in  an  atmospere  covi- 
posed  of  21  measures  of  oxygen  and  79  of  hydrogen.  In  both  cases  the  re- 
sidual  air  contained  a  quantity  of  nitro^n  greater  than  the  bulk  of  the  ani- 
mal  itself;  and  in  the  latter  a  portion  of  hydrogen  had  disappeared.  Hence 
it  follows  that  nitrogen  may  be  exhaled  from  the  lungs,  and  that  hydrogen 
may  be  absorbed. 

An  account  of  some  interesting  researches  on  the  respiration  of  birds, 
bearing  directly  on  this  subject,  was  published  in  1823  by  Allen  and  Pcpya. 
(Phil.  Trans.)  The  subject  of  inquiry  was  the  pigeon,  and  the  phenomena 
attending  its  respiration  were  observed  under  three  different  circumstances, 
namely,  in  atmospheric  air,  in  oxygen  ga^,  and  in  a  mixture  of  oxygen  and 
hydrogen,  in  which  the  former  amounted,  as  in  the  atmosphere,  to  20  per 
cent  In  each  case  the  bulk  of  the  gaseous  mixture  remained  without 
change.  In  the  experiments  with  atmospheric  air,  the  oxygen  which  disap- 
pear^ was  equal  to  the  carbonic  acid  evolved ;  the  nitrogen  was  unaffected, 
except  on  one  occasion  when  the  bird  appeared  uneasy,  and  then  there  was 
a  slight  loss  of  nitrogen.  In  oxygen  gas  the  production  of  carbonic  acid 
was  about  half  the  quantity  emitted  when  the  pigeon  breathed  common  air  ; 
and  the  decrease  in  oxygen  was  exactly  equal  to  the  united  volumes  of  the 
carbonic  acid  and  nitrogen  which  were  disengaged.  When  the  pigeon  was 
placed  in  mixed  oxygen  and  hydrogen  gases,  the  production  of  carlwnic  acid 
was  rather  more  abundant  than  in  atmospheric  air,  and  its  volume  equalled 
exactly  the  loss  in  oxy^ren ;  nitrogen,  as  before,  was  given  out  with  con- 
siderable freedom,  and  its  bulk  precisely  corresponded  to  the  decrease  in 
hydrogen.  In  the  two  latter  series  of  experiments,  especially  in  the  last,  the 
respiration  of  the  pigeon  was  at  times  laborious.  The  experiments,  how- 
ever, are  decisive  of  the  fact,  that  carbonic  acid  and  nitrogen  gases  may 
be  thrown  off  from  the  lungs,  and  that  oxygen  and  hydrogen  gases  may  be 
absorbed. 

Two  theories  similar  to  those  of  arterialization  (page  609)  have  been  pro- 
posed to  explain  the  phenomena  of  respiration.  According  to  one  tlieory, 
the  carbonic  acid  found  in  the  respired  air  is  actually  generated  in  the  lungs 
themselves ;  while,  according  to  the  other,  this  gas  is  thought  tn  exist  ready 
fiirmed  in  the  blood,  and  to  bo  merely  thrown  off  from  that  liquid  during  its 
distribution  through  the  lungs.  The  former  theory,  which  appears  to  have 
originated  with  Priestley,  has  received  several  modifications.  Priestley 
imagined  that  the  phenomena  of  respiration  are  owiuff  to  the  disengagement 
of  phlogiston  from  the  blood,  and  its  combination  with  the  air.  Dr.  Craw- 
fi>rd  modified  this  doctrine  in  the  following  manner.  (Crawford  on  Animal 
Heat.)  He  was  of  opinion  that  venous  blood  contains  a  peculiar  compound 
of  carbon  and  hydrogen,  termed  hydro-earbony  the  elements  of  which  unite  in 
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the  luDg«  with  the  oxygren  of  the  air,  forming  water  with  the  one,  and  car. 
boDic  acid  with  the  other ;  and  that  the  blood,  thus  puri£ed,  regains  its  florid 
hue,  and  becomes  fit  for  the  purposes  of  the  animal  economy. 

The  hypothesis  of  Crawford,  however,  is  not  merely  liable  to  the  objection 
that  the  supposed  hydro-carbon,  as  respects  the  blood,  is  quite  imaginary ; 
but  it  was  found  at  variance  with  the  leading  facts  established  by  Allen  and 
Pepys.  By  the  elaborate  researches  of  these  chemists  it  was  established, 
that  carbonic  acid  pts  contains  its  own  volume  of  oxygen ;  and  they  also 
concluded  that  air,  mbaled  into  the  lungs,  returns  charged  with  a  quantity 
of  carbonic  acid,  almost  exactly  equal  in  bulk  to  the  oxygen  which  disap. 
pears — an  inference  which,  as  applied  to  man  and  some  of  the  lower  ani- 
mals, seems  very  near  the  truth.  A  review  of  these  circumstances  induced 
them  to  adopt  the  opinion,  that  the  oxygen  of  the  air  combines  in  the  lungs 
exdosively  with  carbon;  and  that  the  watery  vapour,  which  is  always  con- 
tained in  the  breath,  is  an  exhalation  from  minute  pulmonary  vessels. 
They  conceived  that  the  fine  animal  membrane  interposed  between  the 
blood  and  the  air  does  not  prevent  chemical  action  from  taking  place  be- 
tween them. 

This  view  has  heen  further  modified  by  Mr.  Ellis,  who  supposes  that  the 
carbon  is  separated  from  the  venous  blood  by  a  process  of  secretion,  and 
that  then,  coming  into  direct  contact  with  oxygen,  it  is  converted  into  car- 
bonic acid.  (Inquiry,  &c.  Parts  i.  and  ii.)  The  circumstance  which  led 
Mr.  Ellis  to  this  opinion,  was  a  disbelief  in  the  possibility  of  oxygen  acting 
upon  the  blood  through  the  animal  membrane  in  which  it  is  confined.  This 
difiiculty,  as  will  immediately  appear,  no  longer  exists ;  and  the  free  per- 
meability of  membranes  by  gases  is  now  completely  eslablislied. 

According  to  the  second  theory,  which  was  supported  by  Le  Grange  and 
Hassenfratz,  and  has  lately  been  adopted  by  Edwards,  carbonic  acid  gene- 
rated during  the  course  of  the  circulation  is  given  ofi*  from  venous  blood  in 
the  lungs,  and  oxygen  gas  is  absorbed.  This  doctrine,  though  generally 
regarded  hitherto  as  less  probable  than  the  preceding,  is  supported  bv  very 
powerful  arguments.  The  experiments  and  observations  of  Dr.  Edwards 
seem  to  leave  no  doubt  that  the  blood,  while  circulating  through  the  lungs,- 
is  capable  of  absorbing  hydrogen,  nitrogen,  and  oxygen  gases,  and  of 
emitting  nitrogen;  and  lie  has  gone  very  far  towards  proving  that  the  car- 
bonic acid  is  derived  from  the  same  source.  On  confining  frogs  and  snails 
&r  some  time  in  an  atmosphere  of  hydrogen,  the  residual  air  was  found  to 
contain  a  quantity  of  carbonic  acid,  which  was  in  some  instances  even 
greater  than  the  bulk  of  the  animal ;  and  a  similar  result  was  obtained  with 
young  kittens. 

These  fiicts,  in  proving  the  possibility  of  gaseous  inhalation  and  exhala- 
tion, as  well  as  the  evolution  of  carbonic  acid  independently  of  atmospheric 
air,  entitle  the  theory  of  Edwards  to  a  preference ;  and  they  will  go  far, 
when  attested  by  more  extensive  observation,  especially  should  the  constant 
presence  of  carbonic  acid  in  venous  blood  be  establislied,  to  the  rejection  of 
the  former  theory. 

The  difficulty  which  formerly  stood  in  the  way  of  both  theories  of  respi- 
ration, arising  from  the  supposed  impermeability  of  animal  membranes  by 
gases,  has  been  entirely  removed  by  the  researches  of  Drs.  Faust  and  Mit- 
chell. (American  Journal  of  the  Medical  Sciences,  No.  13.)  It  fully  ap- 
pears from  tlieir  experiments,  and  of  the  accuracy  of  their  principal  results 
I  am  satisfied  from  personal  observation,  that  animal  membranes  both  in 
the  living  and  dead  subject,  both  in  and  out  of  the  body,  are  freely  penetra- 
ble by  ffaseoos  nutter ; — th^t  the  phenomena  of  endosmose  and  exosmose, 
observed  in  liquids  by  Dutrochet,  are  likewise  exhibited  by  gases.  If  a 
glass  full  of  carbonic  acid  be  closed  by  an  animal  membrane,  such  as  the 
coecum  of  a  fowl,  or  the  bladder  of  a  sheep,  and  be  then  exposed  to  the  at- 
mosphere,  a  portion  of  air  will  pass  into  the  glass  and  some  of  the  confined 
na  escape  firom  it;  and  if  the  experiment  be  reversed  by  confining  air  in 
toe  glass»  which  is  then  placed  in  an  atmosphere  of  carbonic  acid,  the  latter 
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passes  in  and  the  former  out  of  the  glass.  Similar  phenomena  ensue  with 
other  gases;  so  that  when  anj  two  gases  are  separated  by  a  roembruie, 
botli  of  them  pass  through  the  partition.  The  permeability  of  a  membrane 
is  greater  in  a  living  than  in  a  dead  animal;  but  the  nropertj  is  by  no 
means  peculiar  to  organized  matter,  since  a  thin  lamina  or  any  substance  of 
organic  origin,  such  as  a  sheet  of  caoutchouc,  is  freely  permeable.  Water 
and  other  liquids  transmit  gases  apparently  on  the  same  principle  as  mem- 
branes; and  porous  solid  ladies  of  the  mmeral  kingdom  will  doubtless  be 
found  to  possess  a  similar  property. 

But  though  all  gases  pass  through  membranous  septa,  they  differ  renaark- 
ably  in  the  relative  rapidity  of  transmission.  Thus  Dr.  Mitchell  found  that 
the  time  required  for  the  passage  of  equal  volumes  of  different  g9B» 
through  the  same  membran?.,  was  1  minute  with  ammonia,  2||  minutes 
with  sulphuretted  hydrogen,  3^  with  cyanogen,  5}  with  carbonic  acid,  6^  with 
protoxide  of  nitrogen,  Slj^  with  arseniuretted  hydrogen,  28  with  olefiant 
gas,  37 j  with  hydrogen,  113  with  oxygen,  160  with  carbonic  oxide,  and  a 
much  greater  time  with  nitrogen.  Hence,  when  a  bladder  full  of  air  is 
surrounded  with  carbonic  acid,  the  latter  enters  faster  than  the  former  es- 
capes, and  the  bladder  bursts ;  but  on  reversing  the  conditions  of  the  expe- 
rimcnt,  the  bladder  becomes  flaccid,  because  the  carbonic  acid  within  passes 
out  more  rapidly  than  the  exterior  air  enters.  The  transmission  of  g^ases 
in  some  of  these  experiments  takes  place  in  opposition  to  a  pressure  equal 
to  several  atmospheres. 

It  would  perhaps  be  premature  to  speculate  on  the  cause  of  this  singular 
property  of  gases,  nor  is  it  material  for  my  present  purpose  to  do  so;  but 
as  the  reader  will  naturally  desire  some  explanation,  the  following,  which  is 
nearly  that  of  Dr.  Mitchell,  may  be  given  as  most  consistent  with  the 
known  properties  of  matter. — The  passage  of  a  gas  through  a  membrane 
or  other  substance  containing  within  it  very  fine  pores,  appears  to  depend  in 
the  first  place  on  the  power  of  the  porous  body  to  absorb  the  gas  into  its 
substance.  This  action  is  apparently  of  the  same  kind  as  that  exerted  cm 
gases  by  charcoal,  and  seems  to  depend  on  the  attraction  which  all  bodies 
similar  or  dissimilar  exert  upon  each  other,  such  as  is  exemplified  by  the 
tendency  of  contiguous  floating  bodies  to  approach  one  another,  by  the  ad- 
hesion of  water  to  the  surface  of  glass,  and  the  asCent  of  liquids  in  capillary 
tubes.  The  absorbent  power  of  such  bodies,  which  may  thus  be  regarded 
as  aggregates  of  capillary  tubes,  will  vary  with  the  size  and  number  of  the 
pores.  The  entrance  of  a  gas  into  such  pores  will  be  promoted  by  its  elas- 
ticity; but  the  same  force  will  oppose  its  retention  within  the  pores,  will  re- 
sist its  return  into  the  mass  of  the  same  particles,  and  urge  it  to  escape 
where  there  is  no  such  resistance.  Hence,  when  two  gases  are  separated 
by  a  membrane,  each  passes  through,  and  mixes  with  the  other:  the  pene- 
tration of  each  is  arrested  as  soon  as  its  individual  elasticity  is  the  same  on 
both  sides  of  the  partition,  and  therefore  that  gas  which  penetrates  the 
membrane  the  more  rapidly,  is  the  first  to  be  stationary.  The  relative 
velocity  of  transmission  is  doubtless  a  complex  phenomenon,  referable  to  the 
natural  elasticity  of  each  gas,  to  its  diffusiveness,  to  its  affinity  for  water, 
and  to  the  size  of  its  atom  should  that  differ  in  different  gases.  The  power 
of  different  liquids  to  absorb  gases  with  which  they  have  no  chemical 
action,  is  explicable  on  the  same  principles.  A  gas  may  be  absorbed  by 
such  a  liquid,  entering  between  its  particles  as  into  the  pores  of  a  mem- 
brane :  on  exposure  to  a  different  atmosphere,  a  portion  of  the  absorbed  gas 
escapes,  and  about  an  equal  volume  of  the  other  enters  the  space  which  the 
former  had  occupied.  But  whatever  may  be  thought  of  these  speculations, 
the  facts  which  the^  are  designed  to  explain  are  obviously  applicable  to  the 
phenomena  of  respiration.  It  is  clear  that  oxygen  has  fi-ee  ingress  to  the 
blood  through  the  fine  membrane  of  the  lungs ;  and  carbonic  add,  whether 
pre-existing  in  venous  blood  or  generated  during  its  flow  through  the  lungs, 
has  a  free  passage  outwards.  This  is  a  sufficiently  direct  inrerenoe  from 
what  has  already  been  mentioned;  but  it  may  be  added,  as  additional  eri- 


ANIMAL  HBAT«  615 

dence,  that  an  aqueous  aolntion  of  carbonic  acid  confined  in  a  bladder  gi^es 
out  that  gaa  to  the  surrounding  atmosphere,  and  that  venous  blood  exposed 
in  a  bladder  to  the  air,  absorbs  oxygen,  emits  carbonic  aeid,  and  acquires 
the  arterial  character. 

It  appears  from  the  essays  of  Drs.  Faust  and  Mitchell  that  their  attention 
was  awakened  to  the  permeability  of  membranes  to  gases  by  the  endosmoee 
and  exoemose  of  liquids  described  by  Dutrochet,  by  an  insulated  example  of 
a  similar  phenomenon  in  gases  obsenred  by  Mr.  Graham,  and  by  some  facts 
of  a  like  kind  noticed  long  ago  by  Priestley.  Dr.  Stevens  also,  as  stated  at 
page  96  of  his  treatise  on  the  blood,  was  aware  that  carbonic  acid  passes 
reaidily  through  animal  membranes  when  air  is  on  the  other  side,  applied 
that  net  to  the  theory  of  respiration,  and  brought  the  subject  under  the 
notice  of  several  men  of  science  in  New  York  shortly  before  the  publicaticm 
of  Drs.  Faust  and  Mitehell.  But  the  views  of  Dr.  Stevens,  though  well  cal- 
culated to  elicit  inquiry,  were  vague  and  partial ;  and  the  American  philoso- 
phers are  entitled  to  the  merit  of  advancing  from  the  detached  facts  of  others 
to  the  establishment  of  a  principle. 

The  conversion  of  venous  into  arterial  blood  appears  not  to  be  confined  to 
the  lungs.  The  disengagement  of  carbonic  acid  from  the  surface  of  the 
skin,  and  the  corresponding  disappearance  of  oxygen  gas,  was  demonstrated 
by  the  experiments  of  Jurine  and  Abernethy;  and  although  the  accuracy  of 
their  results  has  been  doubted  by  some  persons,  it  has  been  confirmed  by 
others.  However  this  may  be  in  the  human  subject,  the  fact  with  respect 
to  many  of  the  lower  animals  is  unquestionable.  Spallanzani  proved  that 
some  animals  possessed  of  lungs,  such  as  serpents,  lizards,  and  frogs,  pro- 
duce the  same  changes  on  the  air  by  means  of  their  skid,  as  by  their  proper 
respiratory  organs ;  and  Dr.  Eldwards,  in  a  series  of  masterly  experiments, 
has  shown  that  this  function  compensates  so  fully  for  the  want  of  respira- 
tion by  the  lungs,  as  to  enable  these  animals,  in  the  winter  season,  to  live 
for  an  almost  unlimited  period  under  the  surface  of  water. 

•Animal  Heat. 

The  striking  analogy  between  the  processes  of  combustion  and  respiration, 
in  both  of  which  oxygen  gas  disappears,  and  an  oxidized  body  is  substituted 
for  it,  led  Dr.  Black  to  in^r  that  the  heat  generated  in  the  animal  system, 
by  means  of  which  the  more  perfect  animals  preserve  their  temperature 
above  that  of  the  surrounding  medium,  is  derived  from  the  changes  going 
forward  in  the  lungs.  But  this  opinion  is  not  founded  on  analog  luone ; 
many  circumstances  conspire  to  show  that  the  developement  of  animal  heat 
is  dependent  on  the  function  of  respiration,  although  the  mode  by  which  the 
effect  is  produced  has  not  hitherto  been'satisfactorily  determined  Thus,  in 
all  animals  whose  respiratory  organs  are  small  and  imperfect,  and  which, 
therefore,  consume  but  a  comparatively  minute  quantity  of  oxygen,  and  ge- 
nerate little  carbonic  acid,  the  temperature  of  the  blood  varies  with  that  of 
the  medium  in  which  they  live.  In  warm-blooded  animals,. en  the  contrary, 
in  which  the  respiratory  apparatus  is  larger,  and  the  chemical  changes  more 
complicated,  the  temperature  is  almost  uniform ;.  and  those  have  the  highest 
temperature  whoso  lungs,  in  proportion  to  the  size  of  their  bodies,  are  largest, 
and  which  consume  the  greatest  quantity  of  oxygen.  The  temperature  of 
the  same  animal  at  different  times  is  connected  with  the  state  of  the  respi- 
ration. When  the  blood  circulates  sluggishly,  and  the  temperature  is  low, 
the  quantity  of  oxygen  consumed  is  comparatively  small ;  but,  on  the  con- 
trary, a  largo  quantity  of  that  gas  disappears  when  the  circulation  is  brisk, 
and  the  power  of  generating  heat  energetic  It  has  also  been  observed, 
especially  by  Crawford  and  De  Laroche,  that  when  an  animal  is  placed  in  a 
very  warm  atmosphere,  so  as  to  require  little  heat  to  be  generated  within  his 
own  body,  the  consumption  of  oxygen  is  unusually  small^  and  the  blood 
within  the  veins  retains  the  arterial  character. 

The  connexion  between  the  power  of  generatinf  heat  and  respiration  ha« 
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been  illaslrated  in  a  very  pointed  manner  by  Dr.  Edwards.  Some  youn^ 
animalB,  such  as  puppies  and  kittens,  require  so  small  a  quantity  of  oxygen 
ibr  supporting  life,  that  they  may  be  deprived  of  that  gas  aUogether  for 
twenty  minutes  without  material  injury ;  and  it  is  rema^ble  that  so  long 
as  they  possess  this  property,  the  temperature  of  their  bodies  sinks  rapidly 
by  free  exposure  to  the  air.  But  as  they  grow  older  they  become  able  to 
maintain  their  own  temperature,  and  at  the  same  time  their  power  to  endare 
the  privation  of  oxygen  ceases.  The  same  observation  applies  to  young 
sparrown,  and  other  birds  which  are  naked  when  hatched;  while  young 
partridges,  which  arc  both  fledged  and  able  to  retain  their  own  temperature 
at  the  period  of  quitting  the  shell,  die  when  deprived  of  oxygen  as  rapidly 
as  an  adult  bird. 

The  first  consistent  theory  of  the  production  of  animal  beat  was  proposed 
by  Dr.  Crawford.  This  theory  was  founded  on  the  assumption  that  the  car- 
bonic acid  contained  in  the  breath  is  generated  in  the  lungs,  and  that  its  fbr> 
mation  is  accompanied  with  disengagement  of  caloric.  But  since  the  tem- 
perature of  the  lun^s  is  not  higher  than  that  of  other  internal  organs,  and 
arterial  very  little  if  at  all  warmer  than  venous  bk)od>  it  follows  tliat  the 
greater  part  of  the  caloric,  instead  of  becoming  free,  must  in  some  way  or 
other  be  rendered  insensible.  Accordingly,  on  comparing  the  specific  caloric 
of  arterial  and  venous  blood.  Dr.  Crawford  found  the  capacity  of  the  former 
to  exceed  that  of  the  latter  in  tlie  ratio  of  1030  to  892.  He,  therefore,  in- 
ferred that  the  dark  blood  within  the  veins,  at  the  moment  of  being  arterial- 
ized,  acquires  an  increase  of  insensible  caloric ;  and  that  while  circulating 
through  the  body,  and  gradually  resuming  the  venous  character,  it  suffers  a 
diminution  of  capacily,  and  evolves  a  proportional  degree  of  heat 

Unfortunately  for  Uic  hypothesis  of  Crawford,  one  of  the  leading  fticts  on 
which  it  is  founded  has  been  called  in  question ;  Dr.  Davy  maintaining,  on 
the  authority  of  his  own  experiments,  that  there  is  little  or  no  difference  be- 
tween the  capacity  of  venous  and  arterial  blood.  (Philos.  Trans,  for  1814.) 
If  this  be  true,  tlic  hypothesis  itself  necessarily  falls  to  the  ground.  One 
part  of  tlie  doctrine  of  Crawford  may,  however,  in  a  modified  form,  be  ap- 
plied to  t|ic  theory  of  respiration  advocated  by  Dr.  Edwards.  For  if  oxygen 
be  absorbed  by  the  blood  in  its  passage  through  the  lungs,  and  carbonic  acid, 
ready  formed,  be  emitted  in  return,  it  follows  that  this  gas  must  be  generated 
during  the  course  of  the  circulation ;  and  it  may  be  mferred  that  the  heat 
developed  in  consequence  of  this  chemical  change  is  at  once  communicated 
to  the  adjacent  organs.  In  tiiis  way  the  question  concerning  the  capacity  of 
the  blood  for  caloric  may  be  entirely  disregarded. 

While  some  physiologists  have  been  disposed  to  refer  the  source  of  animal 
heat  entirely  to  the  alternate  changes  of  venous  to  arterial,  and  of  arterial  to 
venous  blood,  others  have  denied  its  agency  altogether,  ascribing  the  evolo- 
tion  of  caloric  solely  to  the  influence  of  the  nervous  system.  The  chief 
foundation  for  this  opinion  is  in  the  experiments  of  Mr.  firodie,  who  inflated 
the  lungs  of  animals  recently  killed  by  narcotic  poisons  or  division  of  the 
spinal  marrow.  (Phil.  Trans,  for  1811  and  1813.)  In  an  animal  so  treated, 
the  blood  continued  to  circulate,  oxygen  gas  disappeared,  carbonic  acid  was 
evolved,  and  the  usual  changes  of  colour  took  place  with  regularity ;  but 
notwithstanding  the  concurrence  of  all  these  circumstances,  the  temperature 
fell  with  equal  if  not  greater  rapidity  than  in  another  animal  killed  at  the 
same  time,  but  in  which  artificial  respiration  was  not  performed. 

Were  these  experiments  rigidly  exact,  they  would  lead  to  the  opinion  that 
no  caloric  is  evolved  by  the  mere  process  of  arterialization.  This  inference, 
however,  cannot  be  admitted  for  two  reasons : — first,  because  other  physiolo- 
gists,  in  repeating  the  experiments  of  Brodie,  have  found  that  the  process  of 
cooling  is  retarded  by  artificial  respiration ;  and,  secondly,  because  it  is  dif^ 
ficult  to  conceive  why  the  formation  of  carbonic  acid,  which  uniformly  moB 
rise  to  increase  of  temperature  in  other  cases,  should  not  be  attended  within 
the  animal  body  with  a  similar  efiect.  It  may  hence  be  inferred,  that  thhi 
IS  one  of  the  sources  of  animal  heat.    It  is  certain,  however  ^hat  the  heat 
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of  aninuJfl  cannot  be  maintained  by  the  ide  prooeifl  of  arleriaUzation* 
sistently  with  this  fiict,  the  researches  of  Dulong  and  Despretz  agree  in 
ing,  in  opposition  to  the  results  obtained  bj  Lavoisier  and  Crawford, 
healthy  animal  imparts  to  surroundinip  bodies  a  quantity  of  heat  cone 
biy  greater  than  can  be  accounted  lor  by  the  combustion  of  the  c 
thrown  off  during  the  same  interval  from  the  lungs  in  the  form  of  cai 
acid.  (An.  de  Ch.  et  de  Ph.  xxvi.) 

Thouffh  the  influence  of  the  nervous  system  over  the  developem 
animal  heat  is  no  longer  doubtful,  physiologists  are  not  agreed  as 
mode  by  which  it  operates.  Its  action  may  either  be  direct  or  indirect 
is,  the  nerves  may  possess  some  speci6c  power  of  generating  heat,  o 
may  excite  certain  operations  by  which  the  same  effect  is  occasioneid. 
far  from  improbable,  that  the  nerves  act  more  by  the  latter  than  the  i 
mode;  that  the  infinite  number  of  chemical  phenomena  going  on  in  tl 
nute  arterial  branches  during  the  processes  of  secretion  and  nutritioi 
cesses  which  are  entirely  dependent  on  the  nervous  system,  are  atl 
with  disengagement  of  caloric.  This  view  has,  at  least,  been  ably  del 
by  Dr.  WiUiams  in  an  essay  published  in  the  Medico-Chir.  Trans,  of 
burgh.  (Vol.  ii.) 


SECTION  IL 

SECRETED  FLUIDS  SUBSERVIENT  TO  DIGESTION. 
Saliva, 

Thk  saliva  is  a  slightly  viscid  liquor,  secreted  by  the  salivary  ( 
When  mixed  with  distilled  water,  a  flaky  matter  subsides,  which  is  i 
derived  apparently  from  the  lining  membrane  of  the  mouth.  The  cli 
lutiour  when  exposed  to  the  agency  of  |;alvanism,  yields  a  coagulom, 
hence  inferred  by  Mr.  Brande  to-  oontarn  albumen ;  bat  the  quantity 
principle  is  so  very  small  that  its  presence  cannot  be  demonstrated  1 
other  reagent  The  greater  part  of  the  animal  matter  remaining 
liauid  is  peculiar  to  the  saliva,  and  may  be  termed  mJivary  matter. 
soluble  in  water,. insoluble  in  alcohol,. and,  when  freed  from  the  aocon 
ing  salts,  is  not  precipitated  by  subacetate  of  lead,  corrosive  sublim 
hinision  of  gall-nuts.  The  saliva  likewise  contains  a  small  quantity  ' 
mal  matter,  whicli  is  soluble  both  in  alcohol  and  water,  and  which 
posed  by  Tiedemann  and  Gmelin  to  be  osmazome. 

The  solid  contents  of  the  saliva,-  according  to  Berzelius,  do  not 
seven  in  1000  parts,  the  rest  being  water.  From  the  analysis  of  Tied 
and  Gmelin,  the  chief  saline  constituent  is  chloride  of  potassium ;  bi 
ral  other  salts,  such  as  the  sulphate,  phosphate,  acetate,  and  carbo 
potassa,are  likewise  present  in  small  quantitj^.  The  saliva  of  the- 
•nbject,  according  to  the  same  authority,  contfans  very  little  soda.  T! 
perty  which  the  saliva  possesses  of  striking  a  red  colour  with  a  pe 
iron  is  owing  to  sulpho-cyanuret  of  potassium.  This  salt  exists  alsc 
saliva  of  the  sheep ;  but  it  has  not  been  found  in  that  of  the  dog*  1 
liva  of  the  sheep  contains  so  much  carbonate  of  soda,,  that  it  effe 
with  acids. 

The  only  known  use  of  the  saliva  is  to  form  a  sofl  piHpy  mass  in 
food  daring  mastication,  so  as  to  reduce  it  into  a  state  fit  for  beinj 
.  lowed  with  facility,  and  for  being  more  readily  acted  on  by  the  juioei 
BtooMch.. 

Concretions  are  sometimes  found  in  the  salivary  glands  and  ducts.  . 
contained  in  the  salivary  gland  of  an  asa  was  found  by  M.  CaveaUm 
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tdn  91.6  parte  of  carbonate  of  fime,  48  of  phosphate  of  lime,  and  3.6  of  ani. 
mal  matter«  A  saliyary  concretion  of  a  horse  was  found  by  M.  Henry,  Jos. 
to  consiit  of  carbonate  of  lime  85.52,  carbonate  of  maniesta  7.56,  phcspifaste 
of  lime  4.40,  and  2.48  of  animal  matter.  Carbonate  ot  lime  ia  the  chief  in- 
gredient of  salivary  concretions. 

Pancreatic  Juice. 

This  fluid  is  commonly  supposed  to  be  analogous  to  the  saliva,  bat  it  ap- 
pears  from  the  analys  is  of  Tiedemann  and  Groclin  that  it  is  essentially  difl 
ferent.  The  chief  animal  matters  are  albumen,  and  a  substance  like  card  ; 
but  it  also  contains  a  small  quantity  of  salivary  matter  and  osmazome.  It 
reddens  litmus  paper,  owing  to  the  presence  of  free  acid,  which  is  supposed 
to  be  the  acetic.  Its  salts  are  nearly  the  same  as  those  contained  in  the  nu 
Uva,  except  that  sulphocyanic  acid  u  wanting.  The  uses  of  this  fluid  are 
entirely  unknown. 

Gastric  Juice. 

The  gastric  juice,  collected  from  the  stomach  of  an  animal  killed  while 
&sUng,  is  a  transparent  fluid  which  has  a  saline  taste,  and  haa  neither  an 
acid  nor  alkaline  reaction.  During  the  process  of  digestion,  on  the  contrary, 
it  is  found  to  be  distinctly  acid.  Thus  free  hydrochloric  add  was  detected 
under  these  circumstances  by  Dr.  Prout  in  the  stomach  of  the  rabbit,  harai» 
horse,  calf,  and  dog  (Phil.  Trans.  1824) ;  and  he  has  discovered  the  aaroe 
acid  in  the  sour  matter  ejected  from  the  stomach  of  persons  labouring  under 
indigestion,  a  fact  which  has  since  been  confirmed  by  Mr.  Children. .  Tiede- 
mann and  Gmelin  observed  that  the  secretion  of  acid  commenoes  as  soon  as 
the  stomach  receives  the  stimulus  of  food  or  anj  foreign  body.  This  eflfeot 
is  occasioned,  for  example,  by  the  presence  of  flint  stones  or  other  indigesti- 
Ue  matters;  but  it  is  produced  in  a  still  greater  degree  by  subatanoes  of  a 
stimulating  nature.  According  to  their  observation  the  acidity  is  owing  to 
the  secretion  of  free  hydrochloric  and  acetic  acids. 

The  gastric  juice  coagulates  milk,  apparently  in  consequence  of  the  acid 
secreted  during  digestion.  According  to  the  experimente  of  Spallansaniaod 
Stevens  it  is  highly  antiseptic,  not  only  preventing  putrefiiction,  but  render- 
ing meat  fresh  after  it  is  tainted.  Bat  of  all  the  properties  of  the  gaatrie 
juice,  its  solvent  virtue  is  the  most  remarkable,  being  that  on  whieh  £peoda 
the  first  stafe  of  the  process  of  digestion.  When  the  food  is  introduoed  into 
the  stomach,  it  is  there  intimately  mixed  with  the  gastric  juice,  by  the 
agency  of  which  it  is  dissolved,  and  converted  into  a  semifluid  matter  called 
cSyme.  That  this  change  is  really  owin^  to  the  solvent  power  of  the  gastric 
juice  fully  appears  from  the  researches  of  Spallanzani,  Reaumur,  and  Stevena. 
In  the  experimente  of  Dr.  Stevens,  described  in  bis  Inaugural  Dissertation, 
the  common  articles  of  food  were  enclosed  in  hollow  silver  spheres  perfo- 
rated with  holes,  and  afler  remaining  for  some  time  within  the  stomach, 
completely  protected  from  pressure  and  trituration,  the  alimentary  sub- 
stences  were  found  to  have  been  entirely  dissolved.  A  similar  effect  Ukes 
place  when  nutritious  matters,  out  of  the  body,  are  mixed  with  the  gastric 
fluid,  and  the  mixture  is  exposed  to  a  temperature  of  100°.  So  great,  in- 
deed, is  the  solvent  power  of  this  fluid,  thal^  it  has  been  known  to  dissolve 
the  coals  of  the  stomach  itoelf;  at  least  the  corrosions  of  this  organ  some- 
times witnessed  in  persons  who  have  died  suddenly  while  ftsting,  and  in 
good  health,  were  ascribed  by  the  celebrated  physiologist,  John  Hunter,  to 
Siis  cause.  That  the  agent  here  assigned  is  adequate  to  produce  such  an 
effect,  has  been  fully  proved  by  my  colleague.  Dr.  Carswell.  (Edin.  Med. 
and  Surg.  Journal,  October,  1830.)  Rabbito  were  killed  by  a  blow  on  the 
head  during  digestion,  and  then  suspended  for  some  hours  by  the  hinder 
legs.  The  most  dependent  parte  of  the  stomach,  to  which  the  fluids  had 
gravitated,  were  invariably  more  or  less  dissolved :  in  some  cases  the  tex- 
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tore«  were  thin,  white,  soft,  «nd  pulpy ;  and  hi  others,  complete  perferatibm 
existed,  and  the  cootiguous  viscera  were  attaeked.  The  blood  ia  the  vessels 
of  the  corroded  part  was  black  and  more  or  less  coagulated,  an  effect  analo- 
goxM  to  that  produced  by  an  acid.  The  corroding  fluid,  as  during  healthv 
digestion,  was  strongly  acid ;  and  this  acid  liquor,  taken  from  the  stomacn 
of  one  rabbit  and  introduced  into  that  of  another  previously  killed,  produced 
corrosion. 

Great  diversity  of  opinion  has  prevailed  respecting  the  cause  of  the  sol- 
vent property  of  the  gastric  fluid.  It  was  formerly  ascribed  to  some  specific 
power,  and  was  thought  to  be  inexplicable  on  any  known  chemical  princi- 
ples ;  but  the  more  precise  observation  of  recent  experimentalists  has  re- 
moved one  great  part  of  the  mystery.  Tiedemann  and  Gmelin  directly 
ascribe  the  solvent  action  of  the  gastric  juice  to  the  acid  which  it  contains: 
thcv  found  healthy  digestion  to  be  invariably  attended  with  the  secretion  of 
hydrochloric  and  acetic  acids,  and  ascertained  that  these  acids,  at  the  tem- 
perature of  tlie  body,  are  capable  of  dissolving  all  the  digestible  substances 
employed  as  food.  Similar  remarks  on  the  invariable  connexion  between 
the  acidity  and  solvent  power  of  the  gastric  fluids  have  been  made  by  Dr. 
CarswcllfWho  informs  me  of  the  additional  decisive  fact,  that  on  neutralizing 
the  gastric  juice  with  magnesia,  its  solvent  property  was  destroyed.  It 
would  thus  seem  that  the  stimulus  of  food  causes  the  neutral  salts  of  the 
blood  circulating  in  the  stomach  to  be  decomposed,  either  by  a  purely  vital 
process,  or,  as  Dr.  Prout  suggests,  by  a  galvanic  operation  (Bridgewater 
Treatise) ;  that  the  alkali  remains  in  the  blcwd,  causinr  the  alkalinity  of  that 
Hquid ;  and  that  the  acids,  passing  into  the  stomach,  dissolve  the  food. 

Bile. 

The  bile  is  a  yellow  or  greenish-yellow  coloured  fluid,  of  a  peculiar  sick- 
ening odour,  and  of  a  taste  at  first  sweet  and  then  bitter,  but  exceedingly 
nauseous.  Its  consistence  is  variable,  being  sometimes  limpid,  but  more 
commonly  viscid  and  ropy.  It  is  rather  denser  than  water,  and  may  be 
mixed  with  that  liquid  in  every  proportion.  It  contains  a  minute  quantity  of 
free  soda,  and  is,  therefore,. slightly  alkaline ;  but  owing  to  the  colour  of  the 
bile  itself,  its  action  on  test  paper  is  scarcely  visible. 

Of  the  chemists  who  have  of  late  years  investigated  the  composition  of  the 
bile,  Thenard,  Berzelius,  Tiedemann,  and  GmeEn  deserve  particular  men- 
tion.  In  an  elaborate  esSay  published  in  the  Memoires  d'Arcueil^  vol.  i. 
Thenard  endeavoured  to  show  that  the  bile  of  the  ox  oonsists  of  three  dis- 
tinct animal  principles,  a  yellow  colouring  matter,  a  species  of  resin,  and  a 
peculiar  substance,  to  which,  from  its  sweetish  bitter  taste,  ho  applied  the 
name  of  mcromeU  According  to  his  analysis,  800  parts  of  bile  consist  of 
water  700  parts,  resin  15,  picromel  69,  yellow  matter  about  4,  soda  4,  phos- 
phate of  soda  2,  muriates  of  soda  and  potassa  3.5,  sulphate  of  soda  0.8,  phos- 
phate of  lime  and  perhaps  magnesia  1.3,  and  a  trace  of  oxide  of  iron.  He 
supposed  the  resin  to  be  combined  with  the  picromel  and  soda,  and  ascribes 
its  solubility  in  water  to  this  cause. 

Berzelius  takes  a  totally  diflerent  view  of  the  constitution  of  the  bile.  He 
denies  that  this  fluid  contains  any  resinous  principle,  and  regards  the  yel- 
low matter,  resin,  and  picromel  of  Thenard,  as  one  and  the  same  substance, 
to  which  he  applies  the  name  of  biliary  matter.  (Medico-Chir.  Trans,  iii.) 
Tiedemann  and  Gmelin,  however,  in  their  recent  work  on  Dierestion,  admit 
the  existence  of  picromel  and  resin  as  the  chief  constituents  of  bile;  although 
it  appears  fi-om  their  experiments  that  the  substance  described  by  Thenard 
as  picromel  was  not  pure,  but  contained  a  portion  of  resin.  According  to 
the  analysis  of  these  chemists,  the'  bile  of  the  ox  is  a  very  complex  fluid, 
consisting  of  the  following  ingredients : — water  to  the  extent  of  91.5  per 
cent.;  a  volatile  odoriferous  principle;  cholesterine ;  resin;  asparacrin;  pi. 
cromel;  yellow  colouring  matter;  a  peculiar  azotized  substance  soluble  in 
water  and  alcohol;,  a  substance  which  is  soluble  in  hot  aloohol^^but  insolu- 
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bk  in  water,  rappoaed  to  be  (jrloten;  oemtaome;  m  princtpie  which  emita  a 
urinoof  odour  when  heated ;  a  aubstanoe  analogous  to  albumen  or  caaeons 
matter;  and  mucus.  The  salts  of  the  bile  are  the  margarate,  oleate,  acetate, 
dkelote,  bicarbonate,  phosphate,  sulphate,  and  hydrochlorate  of  soda,  together 
with  a  little  phosphate  of  lime.  The  ehfdic  is  a  peculiar  animal  acid,  which 
crystallises  in  needles,  reddens  litmus  paper,  and  is  distinguished  from 
analogous  compounds  by  having  a  sweet  taste. 

The  flaky  precipitate  which  is  occasioned  by  adding  acids  to  bile  from  the 
ox,  consists  of  several  substances.  At  first  the  caseous  and  colouring  mat. 
ten,  along  with  mucus,  are  thrown  down;  and,  afierwards,  the  margaric 
acid  and  a  compound  of  picromel  and  resin  with  the  acid  employed  are  pre- 
cipitated.  When  acetate  of  lead  is  mixed  with  this  fluid,  a  white  precipi- 
tate fldls,  wliich  cohsists  of  oxide  of  lead  combined  with  the  phosphoric,  suU 
phuric,  and  several  other  acids,  together  with  a  small  quantity  of  the 
compound  of  picromel  and  resin.  On  adding  subaoetate  of  lead  to  the  dear 
liquid,  a  copious  precipitate  ensues,  consisting  chiefly  of  picromel,  resin,  and 
eside  of  lead.  If  this  compound  be  suspended  in  water,  through  which  a 
current  of  hydrosulphuric  acid  gas  is  transmitted,  sulphuret  of  lead  and  the 
resin  subside,  while  the  picromel  remains  in  solution.  By  collecting  and 
drying  the  precipitate,  and  di^tingit  in  alcohol,  the  resin  is  dissolved,  and 
maT  be  obtained  by  evaporation.  The  aqueous  solution,-  when  evaporated, 
Tields  the  ^cromel  of  Thenard ;  but  according  to  Tiedemann  and  Gmelin, 
It  still  contains  a  portion  of  resin.  The  chief  difficalty,  indeed,  of  preparing 
pore  picromel  arises  from  its  tendency  to  dissolve  the  resin ;  and  the  only 
mode  of  separation  is  by  throwing  them  down  repeatedly  by  means  of  sub- 
•eetate  of  lead.  By  this  process  the  aflinity  of  the  picromel  and  resin  for 
each  other  is  gradually  lessened,  until  at  length  the  separation  is  rendered 
tiomplete. 

Pure  picromel  occurs  in  opaque,  rounded,  crystalline  particles,  is  soluble 
in  water  and  alcohol,  but  is  insoluble  in  ether.  Its-  taste  is  sweet  wi^out 
any  bitterness ;  but  it  cannot  be  regarded  as  a  species  of  sugar,  because  a 
large  quantity  of  nitrogen  enters  into  its  composition.  Its  aqueous  solution 
is  not  precipitated  by  acids,  nor  by  acetate  and  subaoetate  of  lead.  When 
digested  with  the  resin  of  bile,  a  portion  of  the  latter  is  dissolved,  and  a 
solution  is  obtained,  which  has  both  a  bitter  and  sweet  taste,  and  yields  a 
precipitate  with  subaoetate  of  lead  and  the  stronger  acids.  This  is  the  com- 
pound which  causes  the  peculiar  taste  of  the  bile 

The  bile  of  the  human  subject  has  not  been  studied  so  minutely  as-  that  of 
the  ox.  According  to  Thenard  it  consists.,  besides  salts,  of  water,  colouring 
matter,  albumen,  and  a  species  of  resin.  Chevallier  has  since  delected  picro- 
mel, and  Chevreul  cholesterine,  in  human  bile ;  and  both  these  discoveries 
have  been  confirmed  by  the  observations  of  Tiedemann  and  Gmelin. 

The  derangement  which  takes  place  in  the  system  when  the  secretion  of 
bile  or  its  passage  into  the  intestines  is  arrested,  is  a  sufficient  indication  of 
the  importance  of  this  fluid.  It  acts  as  a  stimulus  to  the  intestinal.  canaT 
generally,,  and  produces  on  the  chyme  some  peculiar  change,  which  is  easen* 
tial  to  its  conversion  into  chyle. 

Biliary  Concreiiotis, 

Thb  concretions  which  are  sometimes  formed  in  the  human  gall-hladder 
have  been  particularly  examined  by  Fourcroy,  Thenard,  and  Chevreul.  Four- 
oroy  found  that  they  consist  chiefly  of  a  peculiar  fatty  matter,  resembling 

rmaaeti,  which  he  included  under  the  name  ofudipocirt  (page  600);  and 
experiments  of  Thenard  tended  to  confirm  this  view.  Aecordinff  to 
Chevreul,  however,,  biliary  concretions  in  general  are  composed  of  the  yeUow 
oolouring  matter  of  the  bile  and  cholsterine,  the  latter  predominating,  and 
being  sometimes  in  a  state  of  purity ;  and  I  have  had  frequent  bpportunities 
of  satisfying  myself  of  the  accuracy  of  this  observation.  These  substances 
may  easily  be  separated  from  each  other  by  boiling  alcohol,  which  dissolves 


OHYU. 


691 


tlie  oholesCerine,  and  leaves  the  coLontaing  matter ;  or  by  digeetion  in  dilute 
potassa,  in  which  the  colouring  matter  is  dinolved,  while  the  chokBlerine  is 
UMluble. 

Gall-stones  sometimes  contain  a  portion  of  inspissated  bile ;  and  in  some 
rare  instances  the  cholesterine  is  entirely  wanting. 

The  concretions  found  in  the  gall-bladder  of  the  oz  consist  almost  entirely 
of  the  yellow  biliary  colouring  matter,  which,  from  the  beauty  and  perma- 
nence of  its  tint,  b  much  valued  by  painters.  This  substance  is  readily  dis- 
tinguished by  its  yellow  or  brown  colour,  by  insolubility  in  water  and  alco- 
hol, and  by  being  readily  dissolved  by  a  solution  of  potassa.  The  solution 
has  at  first  a  yellowish-brown  colour,  which  gradually  acquires  a  green 
tint,  and  is  precipitated  in  green  flocks  by  hydrochloric  acid.  According  to 
the  observations  of  Tiedemann  and  Gmelin,  the  colouring  matter  is  influ- 
enced by  the  presence  of  oxygen  gas.  The  yellowish  precipitate,  occasioned 
by  adding  hydrochloric  acid  to  bile,  absorbs  oxygen  by  exposure  to  the  air,  and 
its  colour  changes  to  green.  The  action  of  nitric  acid  is  still  more  remark- 
able. By  successive  additions  of  this  acid,  the  tint  of  the  colouring  matter 
may  be  converted  into  green,  blue,  violet,  and  red,  in  the  course  of  a  few 
seconds. 

Eryihrogens — This  substance  was  discovered  in  1821  by  M.  Bizio  of  Venice 
in  a  peculiar  fluid,  quite  difierent  from  bile,  which  was  found  in  the  gall- 
bladder of  a  person  who  had  died  of  jaundice.  It  is  of  a  green  colour,  trans- 
parent, tasteless,  and  of  the  odour  of  putrid  fish.  It  is  unctuous  to  the  touch, 
may  be  scratched  or  cut  with  facility,  and  has  a  specific  gravity  of  1.57. 
It  docs  not  aflect  the  colour  of  litmus  or  turmeric  paper.  At  110°  it  fuses, 
having  the  appearance  of  oil,  and  crystallizes  when  slowly  cooled ;  and  at 
122°  it  rises  in  the  form  of  vapour.  It  b  insoluble  in  water  and  etlier,  but 
is  dissolved  readily  by  hot  alcohol ;  and  the  solution,  by  partial  evaporation 
and  cooling,  yields  crystals  in  the  form  of  rhomboidal  parallelopipcdons. 

When  erythrogcn  is  put  into  nitric  acid  of  the  temperature  of  about  120 
or  140°  its  green  tint  disappears,  effervescence,  owing  to  the  escape  of  oxy- 
gen  gas,  ensues,  and  the  solution  acquires  a  deep  purple  colour.  A  similar 
phenomenon  takes  place,  with  disengagement  of  hydrogen  gas,  when  erythro- 
gcn is  digested  in  a  solution  of  ammonia ;  and  when  volatilized  in  the  open 
air,  it  yields  a  purple-coloured  vapour.  M.  Bizio  is  of  opinion  that  the  erythro- 
gcn, under  all  these  circumstances,  unites  with  nitrogen,  and  that  the  pro- 
duct is  identical  with  tlie  colouring  matter  of  the  bloml.  The  production  of 
the  red  compound  is  characteristic  of  erythrogen,  and  suggested  the  name 
by  which  tliis  substance  is  designated.  (Egt/d^oc,  ruber).  (Journal  of  Science, 
vol.  xvi.) 

Erythrogen  has  not  been  discovered  either  in  bile  or  in  any  of  the  animal 
fluids. 


SECTION  III. 

CHYLE,  MILK,  AND  EGGS. 

Chyle. — The  fluid  absorbed  hj  the  lacteal  vessels  from  the  small  intes- 
tines during  the  process  of  digestion  is  known  by  tlie  name  of  chyle.  Its 
appearance  varies  in  different  animals;  but  as  collected  from  the  thoracic  ^ 
duct  of  a  mammiferous  animal  three  or  four  hours  afler  a  meal,  it  is  a  white 
opaque  fluid  like  milk,  having  a  sweetish  and  slightly  saline  taste.  In  a  few 
minutes  afier  removal  from  the  duct  it  becomes  solid,  and  in  the  course  of 
twenty^four  hours  separates  into  a  firm  coagulum,  and  a  limpid  liquid,  which 
may  be  caUed  the  serum  of  the  chyle.  The  coagulum  is  an  opaque  white 
snbetanoe,  of  a  slightly  pink  hue,  uisoluble  in  water,  but  soluble  easily  in 
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the  alktliM  and  •Ikaline  carbonates.  Vanqaelin*  rei^da  it  aa  fibrin  in  an 
imperfect  state,  or  as  iDteroiediate  between  that  principle  and  albumen ;  Irat 
Mr.  Brandet  considers  it  more  closely  allied  to  the  caseoos  matter  of  milk 
than  to  fibrin. 

The  serum  of  chyle  is  rendered  turbid  by  beat,  and  a  few  flakes  of  alba- 
men  are  deposited ;  but  when  boiled  afVer  being  mixed  with  acetic  acid,  a 
copious  precipitation  ensues.  To  this  substance,  which  thus  diflfers  slightly 
fii>m  albumen,  Dr.  Prout  has  applied  the  name  of  inctptent  aUmmen,  The 
same  chemist  has  made  a  comparative  analysis  of  the  chyle  of  two  doga,  one 
of  which  was  fed  on  animal  and  the  other  on  vegetable  substances,  and  the 
result  of  his  inquiry  is  as  follows  :^  Annals  of  rhilos.  voL  xiii  p.  25.) 


Vegetable     Animal 
Food.          Food. 

Water 

.    93.6            89.2 

Fibrin 

.      0.6             0.8 

Incipient  albumen  ? 

.      4.6             4.7 

Albumen  with  a  little  red  colouring  matter 

.      0.4             4.6 

Sugar  of  milk  ?    . 

a  trace              -r- 

Oily  matters         .... 

a  trace       a  trace 

Saline  matters      .... 

.      0.8             0.7 

lOOi)  100.0 


BtUk, — ^This  well.known  fluid,  secreted  by  the  females  of  the  class  i 
malia  for  the  nourishment  of  their  young,  consists  of  three  distiuct  parts, 
the  cream,  curd,  and  whey,  into  wliich  by  repose  it  spontaneously  separates. 
The  cream,  which  collects  upon  its  surface,  is  an  unctuous  yellowish- white 
opaque  fluid,  of  agreeable  flavour.  According  to  BerTelius  100  parts  at 
cream,  of  specific  gravity  1.0244,  consist  of  butter  4.5,  caseous  matter  3J>, 
and  whey  92.  By  agitation,  as  in  the  process  of  churning,  the  butter  as- 
flumes  the  solid  form,  and  is  thus  obtained  in  a  separate  state.  During  the 
operation  there  is  an  increase  of  temperature  amounting  to  about  three  or 
fi>ur  degrees,  oxygen  gas  is  absorbed,  and  an  acid  is  generated ;  but  the  ab- 
■orption  of  oxygen  cannot  be  an  essential  part  of  the  process,  since  butter 
may  be  obtain&l  by  churning,  even  when  atmospheric  air  is  entirely  ex- 
cluded. 

Afler  the  cream  has  separated  spontaneously,  the  mflk  soon  becomes  sour, 
and  gradually  separates  into  a  solid  ooagulum  called  curd,  and  a  limpid  fluid 
which  is  whey.  This  coagulation  is  occasioned  by  free  acetic  acid,  and  it 
may  be  produced  at  pleasure  either  by  adding  a  free  acid,  or  by  means  of 
the  fluid  known  by  the  name  of  rennet^  which  is  made  by  infusing  the  inner 
coat  of  a  calPs  stomach  in  hot  water.  When  an  acid  is  employ^,  the  curd 
is  found  to  contain  some  of  it  in  combination,  and  may,  iLherefbre,  be  re- 
garded as  an  insoluble  compound  of  an  acid  w  ith  the  caseous  matter  of  milk. 
The  action  of  rennet  requires  further  examination :  it  confessedly  acts  by 
means  of  the  gastric  fluid  which  it  contains,  and  hence  its  coagulating  power, 
consistently  with  the  facts  stated  in  the  hist  section,  is  referable  to  the  aci- 
dity of  that  juice. 

The  curd  of  skim  milk,  made  by  means  of  rennet,  and  separated  from 
the  whey  by  washing  with  water,  is  generally  considered  to  be  ea9eou$  mat- 
ter,  or  the  basis  of  cheese  in  a  state  of  purity.  In  this  state  it  is  a  white, 
insipid,  inodorous  substance,  insoluble  in  water,  but  readily  siiluble  in  the 
alkalies,  especially  in  ammonia.  By  alcohol  it  is  converted,  like  albumen 
and  fibrin,  into  an  adipocirous  substance  of  a  fetid  odour ;  and,  like  the 
nme  substance,  it  may  be  dissolved  by  a  sufficient  quantity  of  acetic  acid. 


*  An.  de  Cb.  voL  xxxi. 
t  PhiloB.  Trans,  fiir  1812. 
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^  Bnoonnot  maintains  that  casenniy  in  its  coa^laiod  state,  is  always  com- 
bined with  some  foreign  sabstance,  generally  an  earthy  salt  oi  an  acid,  on 
which  its  insolubility  cfepends;  and  that  when  pure,  it  is  solable  both  in  hot 
and  cold  water,  is  not  coagulated  either  by  heat  or  air,  and  when  concen- 
trated becomes  viscid  like  mucilage,  being  so  highly  adhesive  that  it  may 
be  use^y  employed  as  a  cement  Soluble  caseum  ma^  lie  obtained  from 
curd,  spontaneously  formed  in  milk  as  it  becomes  sour,  in  which  state  it  is 
combined  with  acetic  acid,  by  washing  the  curd,  and  digesting  it  with 
water,  to  which  so  much  carbonate  of  potassa  is  added  as  is  sufficient  to 
unite  with  the  acetic  acid.  Acetate  of  potassa  is  generated  with  disengage- 
ment  of  carbonic  add,  and  the  caseum  is  dissolved.  In  order  to  separate  it 
from  the  accompanying  acetate,  the  solution,  after  separating  the  cream 
which  collects  on  its  surface  by  repose,  is  mixed  with  a  little  sulphuric  acid, 
and  the  precipitated  sulphate,  of  caseum,  carefully  washed,  is  dissolved  in 
water  by  means  of  the  smallest  possible  quantity  of  carbonate  of  potassa. 
If  alcoliol  is  then  freely  employed,  the  caseum  itself  is  thrown  down ;  but  if 
the  solution  is  mixed  with  about  its  own  volume  of  alcohol,  a  dcposite  of 
sulphate  of  potassa  with  some  curd  and  cream  takes  place,  and  the  filtered 
liquor  contains  caseum  in  a  state  of  great  purity. 

Caseum,  as  thus  prepared,  still  contains  a  little  potassa ;  but  Braconnot 
considers  its  solubility  as  not  dependent  on  the  presence  of  the  alkali. 
When  evaporated  to  dryness  it  forms  a  diaphanous  mass  which  strongly  re- 
sembles gum-arabic,  may  be  long  preserved  without  change,  and  still  retains 
its  solubSity  in  water.  It  has  an  acid  reaction,  and  combines  readily  with 
the  alkalies,  forming  very  soluble  compounds.  With  other  metallic  oxides, 
as  well  as  with  their  salts,  it  forms  sparingly  soluble  compounds.  Its  affi. 
nity  for  acids  is  equally  marked,  and  it  is  precipitated  by  all  the  mineral 
acids,  except  the  phosphoric.  Braconnot  conceives  that  soluble  caseum  may 
be  advantageously  employed  in  a  commercial  point  of  view.  Its  adhesive- 
ness fits  it  as  a  cement  for  glass,  porcelain,  wood,  and  paper.  Its  solution, 
flavoured  with  sugar  and  aromatics,  may  be  serviceable  to  convalescents  as 
an  article  of  food.  It  may  be  taken  in  its  dry  sta^e  in  long  voyages,  form- 
ing together  with  water,  butter,  and  sugar,  an  excellent  substitute  foi:  milk. 
(An.  de  Ch.  et  de  Ph.  xliii.  337.) 

Caseum  is"  commonly  considered  to  have  a  close  resemblance  to  animal 
albumen,  and  the  analogy  is  supported  by  its  being  coagulated  by  acids.  In 
other  respects,  if  the  remarks  of  Braconnot  prove  correct,  it  resembles  pna 
raUier  than  albumen.  It  differs  from  both,  however,  in  the  nature  of  the 
spontaneous  changes  to  which  it  is  subject ;  for  when  kept  in  a  moist  state, 
it  undergoes  a  species  of  fermentation  precisely  analogous  to  that  expe- 
rienced by  gluten  under  the  same  circumstances  (page  568).  The  accuracy 
of  the  remarks  made  by  Proust  on  this  subject  has  Ix^en  questioned  by  Bra- 
connot (Brewster's  Journal,  viii.  369).  The  latter  states  that,  in  his  experi- 
ments, the  curd  from  spontaneouslv  coagulated  skim  milk,  covered  with 
water,  and  kept  at  a  temperature  of  about  75°,  underwent  complete  putre- 
faction  in  the  space  of  a  month.  The  soluble  parts  were  then  filtered,  and 
by  evaporation  yielded  a  product  of  a  very  fetid  odour,  acetate  of  ammonia, 
and  acetic  acid.  The  residue,  afler  being  reduced  to  the  consistence  of 
syrup,  concreted  on  cooling  into  a  granulated  reddish  mass  like  honey,  but 
of  a  saline  bitter  taste,  and  was  separated  by  the  action  of  alcohol  into  two 
parts,  one  soluble  and  the  other  insoluble.  The  former  is  the  caseate  of 
ammonia  of  Proust,  and  the  latter  is  his  caseous  oxide. 

In  order  to  obtain  caseous  oxide  quite  pure,  it  must  be  washed  carefully 
with  alcohol,  treated  with  animal  charcoal,  and  dissolved  repeatedly  in  boil- 
ing water,  from  which  it  is  separated  by  evaporation.  In  this  state  it  is  a 
beautiful  white  powder,  inodorous,  and  of  a  slightly  bitter  taste.  It  is 
heavier  than  water,  and  soluble  in  14  parts  of  that  fluid  at  72<^.  On  allow- 
ing the  solution  to  evaporate  spontaneously,  it  crystallizes  either  in  the  form 
of  elegant  dendritic  ramifications,  or  in  rings  composed  of  delicate  acicdsr 
.  crystali  of  a  silky  lustre. 
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CaMoos  oxide  ii  almoet  entirely  iniolable  even  in  boiliiig'  alcohol.  Its 
aqueocu  solation  yieldi  a  white  flaky  precipitate  with  infaaion  of  ^U-nnta, 
Boluble  in  excess  of  the  precipitant ;  and  anbaoetaie  of  lead  likewise  throwa 
down  a  white  precipitate.  The  cryatala,  if  auddenly  heated,  vcdatilize  with- 
out ohang^e ;  but  if  the  heat  is  ^adoally  raised,  deoompoeition  ensues,  and 
a  large  quantity  of  carbonate  and  hydroeulphate  of  ammonia  ia  generated. 
When  strongly  heated  in  open  veaaels  it  takes  fire,  and  bums  with  flame 
without  residue. 

The  composition  of  caseous  oxide  has  not  been  determined,  but  from  the 
facility  with  which  its  aqueous  solution  putrefies,  Braconnot  regards  it  as  a 
highly  azotizcd  animal  principle.  It  contains  sulphur  also.  He  belieTCS  it 
to  be  a  product  of  the  pntrefaction  of  all  animal  substances,  and  proposes  for 
it  the  name  of  aposepedine,  from  a.iro  and  a-wrt^w^  result  of  putrefaction,  as 
more  appropriate  than  caseous  oxide. 

Braconnot  denies  the  existence  of  caseie  acid.  Prou8t*s  caaeate  of  am- 
monia  consists  of  various  substances,  such  aa  free  acetic  acid,  aposepedine, 
animal  matter,  resin,  several  salts,  and  a  yellow  pungent  o9,  which  ia  the 
chief  cause  of  the  pungency  of  old  cheese. 

From  750  parts  of  curd  completely  putrefied  were  obtained  36  of  dry 
matter  insoluble  in  water.  These  consisted  of  14.92  parts  of  margarate  of 
lime,  2.57  of  margaric  acid,  and  18.51  of  oleic  acid,  retaining  margaric  acid 
and  a  brown  animal  matter. 

According  to  the  analysis  of  Gay-Lusaac  and  Thenard,  100  parts  of  the 
caseous  matter  are  composed  of  carbon  59.781,  hydrogen  7.429,  oxygen 
11.409,  and  nitrogen  21.381.  It  yields  by  incineration  a  white  ash  amount- 
ing to  6.5  per  cent,  of  its  weight,  the  greater  part  of  which  is  phosphate  of 
lime,  a  circumstance  which  renders  caseous  matter  an  article  of  food  pecn- 
'  liarly  proper  for  young  animals. 

Milk  carefully  deprived  of  its  cream  has  a  specific  gravity  of  about  1.033; 
and  1000  parts  of  it,  according  to  Berzeliua,  are  thus  constituted : — ^water 
928.75,  caseous  matter  with  a  trace  of  butter  28;  sugar  of  milk  35;  muriate 
and  phosplvite  of  potaasa  135;  lactic  acid,  acetate  of  potassa,  and  a  trace 
of  lactate  of  iron  6,  and  earthy  phoaphates  0.3.  Subtracting  the  caseous 
matter,  the  remaining  substances  constitute  whey. 

Eggs. — The  composition  of  the  recent  egg  and  the  changes  which  it  un- 
dergoes during  the  process  of  incubation  have  been  ably  investigated  by  Dr. 
Proot  (Phil.  Trans,  for  1822).  New-laid  eggs  are  rather  heavier  than 
water;  but  they  become  lighter  after  a  time,  in  consequence  of  water  evapo- 
rating through  the  pores  of  the  shell,  and  air  being  substituted  for  it  An 
eg^  of  ordinary  size  yields  to  boiling  water  about  three-tenths  of  a  grain  of 
salme  matter,  consisting  of  the  sulphates,  carbonates,  and  phosphates  of 
lime  and  magnesia,  together  with  animal  matter  and  a  little  free  alkali. 

Of  an  egg  which  weighs  1000  grains,  the  shell  constitutes  106.9,  the 
white  604.2',  and  the  yelk  288.9  grains.  The  shell  contains  about  two  per 
cent,  of  animal  matter,  one  per  cent,  of  the  phosphates  of  lime  and  mag- 
nesia,  and  the  residue  is  carbonate  of  lime  with  a  little  carbonate  of  mag- 
nesia. 

When  the  yelk  of  a  hard-boiled  egg  is  repeatedly  digested  in  alcohol  of 
specific  gravity  0.807,  until  that  fluid  comes  off*  colourless,  there  remaina  a 
white  pulverulent  residuum,  possessed  of  many  of  the  properties  of  albumen, 
but  distinguished  from  that  principle  by  containing  a  large  quantity  of 
phosphorus  in  some  unknown  state  of  combination.  The  alcoholic  solution 
IS  of  a  deep  yellow  colour,  and  on  cooling  deposites  crystals  of  a  sebaceous 
matter,  and  a  portion  of  yellow  semi-fluid  oil.  On  distilling  off  the  alcohol, 
the  oil  is  lefl  in  a  separate  state.  When  the  yelk  is  dried  and  burned,  the 
phos[Aorus  is  converted  into  phosphoric  acid,  which,  melting  into  a  glass 
upon  the  surface  of  the  charcoal,  protects  it  from  complete  combustion. 
In  the  white  of  the  egg,  which  consists  chiefly  of  albumen,  sulphur  is 
present 

The  obvious  use  of  the  phosphorua  contained  in  the  yelk  ia  to  tapply 


LIQUIDS  OP  8BRO0S  AND  MUCOUS  SURFACES,  &C.  625 

phosphoric  acid  for  Arming  the  bones  of  the  chick ;  but  Dr.  Prout  was  un- 
able  to  discover  any  source  of  the  lime  with  which  that  acid  unites  to  form 
the  earthy  part  of  bone.  It  cannot  be  discovered  in  the  soft  parts  of  the 
egg;  and  hitherto  no  vascular  connexion  has  been  traced  between  the  chick 
and  its  shell. 


SECTION  IV. 


LIQUIDS  OF  SEROUS  AND  MUCOUS  SURFACES,  &c. 

Tbs  surface  of  the  cellakir  membrane  is  moistened  with  a  peculiar  Ilmptd 
transparent  fluid  called  Ifmph^  which  is  in  very  small  quantity  during  health, 
b«t  collects  abundantly  in  some  dropsical  affections.  Mr.  Brande  collected 
it  from  the  thorado  duct  of  an  animal  which  had  been  kept  without  food  for 
twenty-ibur  hours.  Its  chief  constituent  is  water,  besides  which  it  contains 
moriate  of  soda  and  albumen,  the  latter  being  in  such  minute  quantity  that 
it  is  coagulated  only  by  the  action  of  galvanism.  Lymph  does  not  affect  the 
colour  of  te6t>paper ;  but  when  evaporated  to  dryness,  the  residue  gives  a 
green  tint  to  the  syrup  of  violets. 

The  fluid  secreted  by  serous  membranes  in  general,  such  as  the  pericar. 
dinm,  pleura,  and  peritoneum,  is  very  similar  to  lymph.  According  to  Dr. 
Boetock,  100  parts  of  the  liquid  of  the  pericardium  consist  of  water  92  parts, 
albumen  5J>,  mucus  %  and  moriate  of  soda  0.5.  The  serous  fluid  exhaled 
within  the  ventricles  of  the  brain  in  hydrwiep/uilua  intemut  is  composed,  in 
1000  parts,  of  water  988.3,  albumen  1.66,  muriate  of  potassa  and  soda  7.09, 
lactate  of  soda  and  its  animal  matter  2J32,  soda  0.38,  and  animal  matter  so- 
luble only  in  water,  with  a  trace  of  phosphates,  0.35.  (Berzelius,  in  Medico- 
Chir.  Trans,  vol.  iii.  p.  35S.) 

The  liqu&r  tf  the  amnioB,  or  the  fluid  contained  in  the  membrane  which 
surrounds  thefcBtUM  in  uterOf  differs  in  different  animals.  That  of  the  hu- 
man female  was  found  by  Vauquelin  and  Buniva  to  contain  a  small  quantity 
of  albumen,  soda,  muriate  of  soda,  phosphate  and  carbonate  of  lime,  and  a 
matter  like  curd  which  gives  it  a  milky  appmrance.  That  of  the  cow  was 
said  by  the  same  chbmists  to  contain  a  peculiar  acid,  which  has  since  been 
recogmzed  as  belonging  to  the  allantois  (page  596).  Dr.  Prout  found  some 
suffar  of  milk  in  the  amnios  of  a  woman.  (An.  of  PhiL  v.  417.) 

lfumour$  tf  the  Eye, — ^The  aqueous  and  vitreous  humours  of  the  eye  con- 
tain  rather  more  than  80  per  cent  of  water.  The  other  constituents  are  a 
small  quantity  of  albumen,  muriate  and  acetate  of  soda,  pure  soda,  though 
scarcely  suflicient  to  affect  the  colour  of  test-paper,  and  animal  matter  solu- 
ble only  in  water,  but  which  is  not  gelatin.  (Berzelius.)  The  crystalline  lens, 
besides  the  usual  salts,  contains  3o  per  cent  of  a  peculiar  animal  matter, 
very  analogous  to  dbomen  if  not  identical  with  it  In  cold  water  it  is  so- 
lubfe,  but  is  coagulated  by  boiling.  The  coagulum,  according  to  Berzelius, 
has  all  the  properties  of  the  colouring  matter  of  the  blood  excepting  its 
colour. 

The  teare  are  limpid  and  of  a  saline  taste,  dissolve  freely  in  water,  and, 
owing  to  the  presence  of  free  soda,  communicate  a  green  tint  to  the  blue  in- 
fusion of  violets.  Their  chief  salts  are  chloride  of  sodium  and  phosphate  of 
soda.  According  to  Foorcroy  and  Vauquelin  the  animal  matter  of  the  tears 
is  nucns ;  but  it  is  more  probably  either 'albumen,  or  some  analogous  prin- 
cipte.    Its  predsd  nature  has  not  however  "been  satisfactorily  determined. 

Mn^ttS.'^The  term  ffttictft  has  been  employed  in  very  different  signifiea- 
tions.  Dr.  Bostock  applies  it  to  a  peculiar  animal  matter  which  is  sduUe 
both  in  hot  snd  odd  water,  is  not  prscipitstsd  by  corrosive  sublimate  or  so- 
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lution  of  tanntn,  is  not  capable  of  forming  a  jeUy,  and  which  yieldi  a  preci* 
pitate  with  subaceUte  of  lead.  The  eziatence  of  thii  principle  haa  not,  how- 
ever, been  fully  establiBhckl ;  for  the  preaenoe  of  muriatic  and  phosphoric 
acids,  the  latter  of  which  is  fVequently  contained  in  animal  fluids,  and  the 
former  scarcely  ever  absent,  sufficiency  accounts  for  the  precipitates  occa- 
sioned in  them  by  the  salts  of  lead  or  silver.  But  even  supposing  the  opinion 
of  Dr.  Boetock  to  be  correct,  it  would  be  advisable  to  give  some  new  name 
to  his  principle,  and  apply  the  term  mucu$  solely  to  the  fluid  secreted  by 
mucous  surfaces. 

The  properties  of  mucus  vary  somewhat  according  to  the  source  fh>m 
which  it  is  derived ;  but  its  leadinpr  characters  are  in  all  cases  the  same, 
and  are  best  exemplified  in  mucus  from  the  nostrils.  Nasal  mucus,  accord- 
ing to  Berzelius,  has  the  following  properties.  Immersed  in  water,  it  im- 
bibes BO  much  of  that  fluid  as  to  become  transparent,  with  the  exception  of 
a  few  particles  which  remain  opaque.  When  dried  on  blotting-paper,  it 
loses  its  transparenay,  but  again  acquires  it  when  moistened.  It  is  not  00- 
Ufolated  or  rendered  homy  by  being  boiled  in  water ;  but  ts  soon  as  the 
ebttUitien  has  ceased,  it  collects  unchanged  at  the  bottom  of  the  vesseL  It 
is  dissolved  by  dilute  sulphuric  acid.  Nitric  acid  at  first  coagulatea  it ;  bat 
by  continued  digestion,  the  mucus  gradually  softens  and  is  finally  dissolved, 
forming  a  clear  yellow  liquid.  Acetic  acid  hardens  mucus,  and  does  not  dis- 
solve it  even  at  a  boiling  temperature.  Pure  potassa  at  first  renders  it  more 
viscid,  but  afterwards  dissolves  it  By  tannic  acid  mucus  is  ooagnlated«  both 
when  softened  by  the  absorption  of  water,  and  when  dissolved  either  in  an 
acid  or  an  alkali. 

Pub, — ^Purulent  matter  is  the  fluid  secreted  by  an  inflamed  and  ulcerated 
surface.  Its  properties  vary  according  to  the  nature  of  the  sore  from  which 
it  is  discharged.  The  purulent  matter  formed  by  an  ilkconditioned  ulcer  is 
a  thin,  transparent,  acrid,  fetid  ichor ;  whereas  a  healing  sote  in  a  soond 
constitution  yields  a  jrellowish-white  coloured  liquid,  of  the  consisteooe  of 
cream,  which  is  described  as  bland,  opaque,  and  inodorous.  This  is  termed 
healthy  pus,  and  is  possessed  of  the  following  properties.  Though  it  ap- 
pears homogeneous  to  the  naked  eye,  when  examined  with  the  microscope 
It  is  found  to  consut  of  minute  globules  floating  in  a  transparent  liquid.  Its 
specific  gravity  is  about  L03,  It  is  insoluble  m  water,  and  it  u  thickened, 
but  not  dissolved,  by  alcohol  When  recent,  it  does  not  affect  the  cdloor  ef 
test-paper ;  but  by  exposure  to  the  air  it  becomes  acid.  The  dilute  acids 
have  little  effect  upon  it ;  but  strong  sulphuric,  nitric,  and  muriatic  acids 
dissolve  it,  and  the  pus  is  thrown  down  by  dilution  with  water.  Ammonia 
reduces  it  to  a  transparent  jelly,  and  gradually  dissolves  a  considerable  nor- 
tion  of  it.  With  the  fixed  alkalies  it  forms  a  whitish  ropy  fluid,  whico  is 
deoomposed  bjr  waten 

The  composition  of  pus  has  not  been  ascertained  with  precision;  but  its 
characteristic  ingredient  is  more  elosely  allied  to  albumen  than  the  other 
animal  principles. 

Several  attempts  have  been  made  to  discover  a  chemical  test  for  distin- 
guishing pus  from  mucus.  When  these  fluids  are  in  their  natural  state,  the 
appearance  of  each  is  so  characteristic  that  the  distinction  cannot  be  at- 
tended with  any  difficulty ;  but,  on  the  contrary,  when  a  mnoous  surfoce  is 
inflamed,  its  secretion  becomes  opaque,  and,  as  sometimes  happens  in  some 
pulmonary  diseases,  acquires  more  or  less  of  the  aspect  of  pus.  Mr.  Charles 
Darwin,  who  examined  this  subject,  pointed  out  three  grounds  of  disUno- 
tion  between  them.  1.  When  the  solution  of  these  hqoids  in  sulphuric 
acid  is  diluted,  the  pus  subsides  to  the  bottom,  and  the  mucus  remains  sus- 
pended in  the  water.  3.  When  pqs  and  catarrhal  mucus  are  diffused  through 
water,  the  former  sinks,  and  the  latter  floats.  3.  Pus  is  precipitated  from 
its  solution  in  potassa  by  water,  while  the  solution  of  mucus  is  not  decom- 
posed by  similar  treatment  Dr.  Thomson,  in  his  System  of  Qiemistiy,  has 
given  the  following  test  on  the  authority  of  Grasmeyer.  The  substance  to 
be  examined,  after  being  triturated  with  its  ovm  weight  of  water,  is  mixed 
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with  an  equal  quantity  of  a  saturated  solution  of  carbonate  of  potassa.  If  it 
contain  pus,  a  transparent  jelly  forms  in  a  few  hours;  but  this  does  not  hap- 
pen if  mucus  only  is  present.  Dr.  Young,  in  his  work  on  Consumptive 
Diseases,  has  given  a  very  elegant  character  for  distinguishing  pus,  founded 
on  its  optical  properties.  But  the  practiod  utility  of  tests  of  any  kind  is 
rendered  very  questionable  by  the  fact  that  inflamed  mucous  membranes 
may  secrete  genuine  pus  without  breach  of  surface,  and  that  the  natural 
passes  into  purulent  secretion  by  insensible  shades.  ' 

Sufeat^ — ^Watery  vapour  is  continually  passing  off  by  the  skin  in  the  form 
of  insensible  perspiration ;  but  when  tho  external  heat  is  considerable,  or 
violent  bodily  exercise  is  taken,  drops  of  fluid  collect  upon  the  surface,  and 
constitute  what  is  called  sweat.  Tins  flaid  consists  chiefly  of  water ;  but  it 
contains  some  muriate  of  soda  and  free  acetic  acid,  in  consequence  of  which 
it  has  a  saline  taste  and  an  acid  reaction. 


SECTION  V. 

URINE  AND  URINARY  CONCRETIONS. 
Urine, 

Tuz  urine  differs  from  most  of  the  animal  fluids  which  have  been  de- 
scribed by  not  serving  any  ulterior  purpose  in  the  animal  economy.  It  is 
merely  an  excretion  designed  for  ejecting  from  the  system  substances, 
which,  by  their  accumulation  within  the  bcSy,  would  speedily  prove  fatal  to 
health  and  life.  The  sole  office  of  the  kidneys,  indeed,  appears  to  consist  in 
separating  from  the  blood  the  superfluous  matters  that  are  not  required  or 
adapted  for  nutrition,  or  which  have  already  formed  part  of  the  body,  and 
been  removed  by  absorption.  The  substances  which  in  particular  pass  off 
by  this  organ  are  nitrogen,  in  the  form  of  highly  azotized  products,  and 
various  saline  and  earthy  compounds.  This  sufficiently  accounts  for  the 
great  diversity  of  different  substances  contained  in  urine. 

The  quantity  of  the  urine  is  aflfected  by  various  causes,  especially  by  the 
nature  and  quantity  of  the  liquids  received  into  the  stomach ;  but  on  an  ave- 
rage, .a  healthy  person  voids  between  thirty  and  forty  ounces  daily.  The 
quality  of  this  fluid  is  likewise  influenced  by  the  same  circumstances,  being 
sometimes  in  a  very  dilute  state,  and  at  oUiers  highly  concentrated.  The 
urine  voided  in  the  morning  by  a  person  who  has  wd  heartily,,  and  taken  no 
more  fluids  than  is  sufficient  for  satisfying  thirst,  may  be  regarded  as  afford- 
ingthe  best  specimen  of  natural  healthy  urine. 

The  urine  in  this  state  is  a  transparent  limpid  fluid  of  an  amber  colour, 
having  a  saline  taste,  and  while  warm  emitting  an  odour  which  is  slightly 
aromatic,  and  not  at  all  disagreeabfe.  The  average  sp.  gr.  of  the  urine  of 
fifty  healthy  men,  observed  by  (he  late  Dr.  Gregory  in  autumn  at  mid-day, 
is  1.02246.  It  gives  a  red  tint  to  litmus  paper,  a  circumstance  which  indi- 
cates the  presence  either  of  a  free  acid  or  of  a  SUpersalt  Thon^h  at  first 
quite  transparent,  an  insoluble  matter  is  deposited  on  standing ;  so  that  urine, 
voided  at  Aight,  is  found  to  have  a  U-jrht  cloud  floating  in  it  by  (he  following 
morning.  This  substance  consists  m  part  of  mucus  from  the  urinary  pas- 
sages,  and  partly  of  superurate  of  ammonia^  which  is  much  more  soluble  in 
warm  than  in  cold  water. 

The  urine  is  very  prone  to  spontaneous  decomposition.  When  kept  for 
two  or  three  days  it  acquires  a  strong  Urinous  smell ;  and  as  the  putrefaction 
proceeds,  the  disagreeable  odour  incrioases,  until  at  length  it  becomes  exceed- 
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ingly  offeosiTe.  Ab  soon  as  these  ehanjfes  commence,  the  orine  cesses  to 
hare  an  acid  reaction,  and  the  earthy  phosphates  are  deposited.  In  a  short 
time,  a  free  alkali  makes  iU  appearance,  and  a  large  qnantity  of  carbonaJte 
of  ammonia  is  gradually  generated.    Similar  changes  may  be  produced  in 


recent  urine  by  continued  boiling.    In  both  cases  the  phenomena  are  owing^ 

''on  of  urea,  which 
nate  of  ammonia. 


to  the  decomposition  of  urea,  wnich  is  ahnost  entirely  resohed  into  carbo- 


The  compceition  of  the  urine  has  been  studied  by  several  chemists,  but 
the  most  recent  and  elaborate  analysis  of  this  fluid  is  by  Berzelius.  Ac 
cording  to  the  researches  of  this  indefatigable  chemist,  1000  parts  of  urine 
are  composed  of 

933J)0 


Water        .... 
Urea  .... 

Uric  acid    .... 
Free  lactic  acid,  lactate  of  ammonia,  and 

not  separable  from  them 
Mucus  of  the  bladder 
Sulphate  of  potassa 
Sulphate  of  soda 
Phosphate  of  soda 
Phosphate  of  ammonia 
Muriate  of  soda 
Muriate  of  ammonia 
Earthy  matters,  with  a  trace  of  fluate  of 
Siliceous  earth 


lime 


matter 


30.10 
1.00 


17.14 
0.33 
3.71 
3.16 
2.94 
1.65 
4.45 
1.50 
1.00 
0.03 


Besides  the  ingredients  included  in  the  preceding  list,  the  urine  contains 
several  other  suMances  in  small  quantity.  From  the  property  this  fluid 
possesses  of  blackening  silver  vessels  in  which  it  is  evaporated;  owing  to  the 
formation  of  sulpliuret  of  silver,  Proust  inferred  the  presence  of  unoxidized' 
sulphur ;  and  Dr.  Prout,  from  the  odour  of  phosphurctted  hydrogen,  which 
he  thinks  he  has  perceived  in  putrefying  urine,  suspects  that  phosphorus  is 
likewise  present.  The  urine  also  contams  a  peculiar  yellow  colouring  mat- 
ter which  has  not  hitherto  been  obtained  in  a  separate  state.  From  the  pre- 
cipitate occasioned  in  urine  by  the  infusion  of  gall-nuts,  the  presence  of 
gelatin  has  been  inferred ;  but  this  efiect  appears  owing  to  the  presence  not 
of  gelatin  but  of  a  small  portion  of  albumen. 

According  to  Scheeic,  the  urine  of  infants  sometimes  contains  benzoic 
acid,  a  compound  which,  when  present,  may  be  easily  procured  by  evapora- 
ting the  urine  nearly  to  the  consistence  of  syrup,  and  adding  hydrodiloric 
acid.  The  precipitate,  consisting  of  uric  and  benzoic  acids,  iis  digested  in 
alcohol,  which  dissolves  the  benzoic  acid. 

Notwithstanding  the  high  authority  of  Berzelius,  it  is  very  doubtful  if  any 
free  acid  be  present  in  healthy  urine.  Dr.  Prout,  with  every  appearance  of 
reason,  maintains  that  the  acidity  of  recent  urine  is  occasioiied  by  super, 
salts,  and  not  by  uncombined  acid.  He  is  of  opinion  that  the  acid  reaction 
is  chiefly,  if  not  wholly,  to  be  ascribed  to  the  superphosphate  of  lime  and 
fluperurate  of  ammonia,  salts  which  he  finds  may  co-exist  in  a  liquid  without 
mutual  decomposition.  A  very  strong  argument,  which  to  me  indeed  ap- 
pears conclusive,  in  favour  of  this  view,  b  derived  from  the  fiict»  that  on 
adding  hydrochloric  acid  to  recent  urine,  minute  crystals  of  uric  acid  are 
gradually  deposited,  as  always  happens  when  this  acid  subsides  ijowly  from 
a  state  of  solution ;  but,  on  the  contrary,  if  no  free  acid  is  added,  an  amor- 
phous sediment,  which  Dr.  Prout  regards  as  superurate  of  ammonia  is 
obtained. 

Such  is  the  general  view  of  the  eomposition  of  human  urine  in  its  natural 
healthy  state.  But  this  fluid  is  subject  to  a  great  variety  of  morbid  oondi- 
tiofu,- which  arise  either  from  the  deficiency  or  excess  of  certain  prtnc^es 
which  it  ou^ht  to  contain,  or  from  the  presence  of  others  who%  foreign  to 
Us  composition.    As  the  study  of  these  affecti«ns  afibrds  an  interesting  ex. 


ample  of  the  application  of  chemittry  to  pathology  and  the  practice  of  me- 
dicine, I  shall  briefly  mention  aome  of  th\B  moat  important  morbid  itatca  of 
this  fluid,  referring  lor  more  ample  details  to  the  excellent  treatise  of  Dr. 
ProuL* 

Of  the  sobstances  which,  though  naturally  wanting,  are  sometimes  con- 
tained in  the  urine,  the  most  remarkable  is  sugar,^  wmch  is'  secreted  by  the 
kidneys  in  diabetes  (page  592).  Diabetic  urine  has  a  sweet  tiasie,  and  yields 
a  syrup  by  evaporation,  is  almost  always  of  a  pale  straw  colour,  and  in  gene- 
ral  has  a  greater  specific  gravitv  than  ordinary  urine.  A  specimen  of  dia- 
thetic urine,  the  sp.  gr.  of  which  was  1.03626,  was  foOnd  by  Mr.  Kane  to 
contain  in  1000  parts,  913  of  water,  60  of  sugar,  6.5  of  urea,  and  20  of  salts 
(Dublin  Journal  of  Science,  L  20).  Owin^  to  the  large  quantity  of  sugar 
and  the  dilute  state  of  the  urea,  diabetic  urme  has  little  tendency  to  putrefy, 
and  is  susceptible  of  uudergoing  the  vinous  fermentation. 

The  acidifying  process  vmich  is  constantly  going  forward  in  the  kidneys, 
as  evinced  by  the  formation  of  sulphurie,  phosphoric,  and  uric  acids,  some- 
times proceeds  to  a  morbid  ezfenf,  in  consequence  of  which  two  acids,  the 
oxalic  and  nitric,  are  generated,  neither  of  which  exists  in  healthy  urine. 
The  former,  by  uniting  with  lime,  ^ivcs  rise  to  one  of  the  worst  kinds  of 
urinary  concretions;  and  the  latter,  in  the  opinion  of  Dr.  Front,,  toads  to  the 
production  of  purpurate  of  ammonia,  by  reacting  on  uric  acid. 

In  severe  cases  of  jaundice,  Che  bile  passes  fi-om  the  blood  into  the  &idneys, 
and  communicates  a  yellow  colour  to  the  Urine.  The  most  delicate  test  of 
its  presence  is  hydrochloric  acid,  which  causes  a  green  tint 

Though  albumen  is  contained  in  very  minute  quantity  in  healthy  urine, 
in  some  diseases  it  is  present  in  large  proportion.  According  to  Dr.  Black- 
all  it  is  characteristic  of  certain  kinds  of  dropsy,  accompanied  with  an  in- 
flamnaatory  diathesis,  as  in  that  whi^ch  supervenes  in  scarlef  fever  f  and  Dr. 
Prout  has  described  two  cases  of  albuminous  urine,  in  whichr  without  any 
febrile  symptoms,  albumen  existed  in  such  quantity  that  spontaneous  coagu- 
lation took  place  within  the  bladder.  J)r.  Bright,  in  his  Medical  Reports, 
has  shown  that  dVopeical effusions  with  albuminous  urine  are  often  associated 
with  di  -ease  of  the  kidney,  and  his  observations  have  been  confirmed  by  the 
experience  of  D^.  Christlson  and  the  late  Dr.  Gregory  (Cdin.  Med.  and  Surg. 
Journal  for  Oct  1829,  Oct  1831,  and  Jan.  1832).  In  this  affection  the  urine 
is  scanty,  and  its  sp.  gravity,  from  deficient  quantity  of  saline  matter  and 
urea,  is  lower  than  naturaf,  being  in  the  average  of  50  caS2s  1.01318,  and  is 
rarely  so  high  as  I.02f:  this  is  so  constant,  that  scanty  albuminous  urine  of 
a  low  sp.  gravity  was  considered  by  Dr.  Gregory  as  nearly  a  sure  indication 
of  renal  disease.  The  albumen  i»  readily  detected  By  the  coagulating  effect  ' 
of  heat  or  by  fcrrocyanuret  of  potassium  Cp^c  589),  the  urine  if  not  acid, 
which  it  frequently  is,  being  always  previously  acidulated  by  acetic  acid.  In 
the  blood  of  patients  suffering  under  renal  disease  with  albuminous  urine, 
Dk-.  Bostock  detected*  a  crvstslline  substance  resembling  urea,.and  Dr.  Chris- 
tison,.  pursuing  the  inquiry,  obtained^  urea  with  all  its  characteristic  pro- 
perties. 

Urea  is  secreted  less  abundantly  than  usuul  during  inflammatory  affe6. 
tions  of  the  liver,  whether  acute  or  chronic,  in  the  renal  disease  just  men- 
tioned, and  during  the  hysteric  paroxysm,  in  which  latter  affection  the  saline 
ingre<fients  of  the  urine  are  secreted  in  unusual  quantity.  Urea  is  said  to 
be  wanting  in  diabetic  urine,  an  error  caused  by  the  presence  of  sugar  dimi- 
nishing the  tendency  of  nitrafe  of  urea  to  erystollize.  Dr.  Henry  has  shown 
that  area,  when*  mixed  with  a  considerable  proportfon  or  sugar;  oannoi  be 
discovered  by  the  usual  test  of  nitrfc  acid*;  and;  consequently,  though  present 
in  diabetic  urine,  it'  nniy  easily  be  overlooked.  He  has  succeeded  in  detect- 
ing it  in  such  cases  by  distillation,  urea  being  the  only  known  animaT  prin- 
ciple which  is  converted  intb  carbonate  of  ammonia  at  a  boiling  temperature. 

*  Inquiry  into  the  Nature  and  Treatment  of  Gravel,  Galcalus,  &c. 
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Mr.  Kane  has  succeeded  in  separating  the  nitrate  ofmca  m  crystals  by  mb- 
ployiii^  as  the  test  nitric  acid  dilated  with  an  equal  weight  of  waterrand 
plunging  the  mass  into  a  freezing  mixture  of  salt  and  ice.  He  has  thus 
been  able  to  prove  that  diabetic  patients  void  in  the  oouzse  of  24  hours  as 
much  urea  as  heaHby  persons. 

The  mode  by  which  Dr.  Trout  estimates  the  proportion  of  this  pnneiple 
is  by  putting  the  urine  into  a  watch-glass,  and  carefully  adding  to  it  nearly 


an  equal  quantity  of  nitric  acid,  in  such  a  manner  that  the  acid  mav  collect 
at  the  bottom.  If  spontaneous  crystallization  ensue,  an  excess  of  urea  is 
indicated;  and  tbe  degree  of  excess  may  be  inferred  approximately  by 
marking  the  time  which  elapses  before  tne  efiect  takes  place.  Undiluted 
healthy  urine  yields  crystals  only  after  an  interval  of  lialf  an  hour;  but  the 
nitrate  crystallizes  within  that  interval  when  the  urea  is  in  excess. 

An  unusually  abundant  secretion  of  uric  acid  is  a  circumstance  by  no 
means  uncommon.  In  some  instances  this  acid  makes  its  appearance  in  a 
free  state:  but  happily  it  generally  occurs  in  combination  with  an  alkali, 
especially  with  soda  or  ammonia.  As  the  urates  are  much  more  soluble  in 
warm  than  in  cold  water,  the  urine  in  which  they  abound  is  quite  clear  at 
the  moment  of  being  voided,  but  deposites  a  copious  sediment  in  cooling. 
The  undue  secretion  of  these  salts,  if  temporary,  occasions  scarcely  any  in- 
convenience, and  arises  from,  such  slight  causes,  that  it  frequenUy  takes 
place  without  being  noticed.  This  affection  is  generally  produced  by  errors 
m  diet,  whether  as  to  quantity  or  quality,  and  by  all  causes  which  interrupt 
the  digestive  progress  in  any  of  its  stages,  or  render  it  imperfect  Dr. 
Prout  specifies  unfermented  heavy  bread,  and  hard  boiled  puddings  or 
dumplings,  as  in  particular  disposing  to  the  formation  of  the  urates.  These 
sediments  have  commonly  a  yellowish  tint,  which  is  communicated  by  the 
colourinfif  matter  of  the  urine;  or  when  they  are  deposited  in  fevers,  formings 
the  latentious  sediment,  they  are  red,  in  consequence  of  the  colouring  mat- 
ter of  the  urine  beinf  then  more  abundant  In  fevers  of  an  irritable  nature, 
as  in  hectic,  the  sediment  has  oHen  a  pink  oolour,  and  i»  considered  by 
Prout  to  consist  of  urate  of  ammonia  oolourcd  by  purpurate  of  ammonia ; 
but  Messrs.  Brett  and  Bird  have  examined  several  pink  sedimjknts,  in  dil  of 
which  the  colouring  ingredient  was  a  substance  soluble  in  alcohol  and  not 
purpuric  acid.  (Medical  Gazette,  August  23,  1834.) 

So  long  as  uric  acid  remains  in  combination  with  a  base,  it  never  yields  a 
crystalline  depositc ;  but  when  this  acid  is  in  excess  and  in  a  free  stale,  its 
very  sparing  solubility  causes  it  to  separate  in  minute  crystals,  even  within 
the  bladder,  giving  rise  to  two  of  the  most  dbtressing  complaints  to  which 
human  nature  is  subject, — to  gravel  when  the  crystols  arc  detached  from 
one  another,  and  when  agglutinated  by  animal  matter  into  concrete  masses, 
to  the  disease  called  the  stone.  These  diseases  may  arise  cither  from  uric 
acid  being  directly  secreted  by  the  kidneys,  or,  as  Dr.  Prout  suspects,  from 
the  formation  of  some  oUier  acid,  by  which  the  urate  of  ammonia  is  de- 
composed. Tlie  tendency  of  urine  to  contain  free  acid  occurs  most  frequent- 
ly in  dyspeptic  persons  of  a  ffouty  habit,  and  is  familiarly  known  by  the 
name  of  the  uric  or  lithic  acid  diathesis.  In  these  individuals  the  disposi- 
tion  to  undue  acidity  of  the  urine  is  superadded  to  that  state  of  the  system 
which  leads  to  an  unusual  supply  of  Uie  urates. 

A  deficiency  of  acid  in  urine  is  not  less  injurious  than  its  excess.  As 
phosphate  of  lime  in  its  neutral  state  is  insoluble  in  water,  this  salt  cannot 
be  dissolved  in  nrine  except  by  being  in  the  form  of  a  superphosphate. 
Hence  it  happens  that  healthy  urine  yields  a  precipitate,  when  it  is  neu- 
tralized by  an  alkali ;  and  if^  by  the  indiscriminate  employment  of  alkaline 
medicines,  or  &om  any  other  cause,  the  urine,  while  yet  within  tbe  bladder, 
is  rendered  neutral,  the  earthy  phosphates  are  necessarily  deposited,  and  an 
opportunity  affdrded  for  the  formation  of  a.  stone.. 


URIKAET  C0HCRBT10H8.  631 


Urinary  Concretions. 

The  first  step  towmrds  a  knowledge  of  urinanr  calculi  was  Djade  in  (he 
year  1776  by  Scheele,  who  showed  that  many  of  the  concretions  formed  in 
the  bladder  consist  of  uric  or  lithic  acid.  The  subject  was  afterwards  suc- 
oessfuUy  investigated  by  Wollaston  and  Pearson  in  this  country,  and  by 
Fourcroy  and  A^uquelin  in  France ;  but  the  merit  of  having  first  ascertain- 
ed the  composition  and  chemical  characters  of  most  of  the  species  of 
urinary  calculi  at  present  known,  belongs  to  Dr.  WoUaston.  (Phil.  Trans. 
fi>r  1797.)  The  chemists  who  have  since  materially  contributed  to  advance 
our  knowledge  of  this  deportment  of  science,  are  Henry,  Brande,  Prout,  and 
the  late  Dr.  Marcet,  to  whose  ^  Essay  on  the  Chemical  History  and  Medi^il 
Treatment  of  Calculous  Disorders,*'  1  may  rehx  the  reader  who  is  desirous 
of  studying  this  important  subject. 

The  most  common  kinds  of  urinary  concretions  may  be  conveniently 
divided  into  six  species:  1.  The  uric  acid  calculus;  2.  The  bone-earth  od- 
cuius,  principally  consisting  of  phosphate  of  lime;  3.  The  ammoniaoo. 
magnesian  phosphate ;  4.  The  fusible  calculus,  being  a  mixture  of  the  two 
[ffeceding  species;  5.  The  mulberry  calculus,  composed  of  oxalate  of  lime; 
and,  lastfy,  the  cystic  oxide  calculus.   (Marcet) 

1.  The  uric  acid  fiirms  a  hard  inodorous  concretion,  commonlv  of  an  oval 
fiirm,  of  a  brownish  or  fawn  colour,  and  smooth  sur&ce.  These  calcuU 
consist  of  layers  arranged  concentrically  around  a  central  nucleus,  the 
lamina  being  distinguished  from  each  other  by  a  slight  difference  in  a^ur, 
and  sometimes  by  the  interposition  of  some  otiier  substance. 

This  species  is  readily  distinguished  by  the  following  characters.  It  is 
very  sparingly  soluble  in  water  and  muriatic  acid.  Digested  in  pore 
potassa  it  quickly  disappears,  and  on  adding  an  acid  to  the  solution,  the  urio 
acid  is  precipitated.  It  is  dissolved  with  effervescence  by  nitric  acid,  and 
the  solution  yields  purpnrate  of  ammonia  when  evaporated.  Before  the 
blowpipe  it  becomes  black,  emits  a  peculiar  animal  odour,  and  is  gradu- 
ally consumed,  leaving  a  trace  of  white  ash,  which  has  an  alkaline  re- 
action. 

As  a  variety  of  this  species  may  be  mentioned  urate  of  ammonia,  a  rare 
kind  of  calculus  first  noticed  by  f'ourcroy.  Brande  and  Marcet  expressed 
a  doubt  of  its  ever  forming  an  independent  concretion ;  but  its  existence,  as 
such,  has  been  established  by  Prout.  The  calculus  of  urate  of  ammonia 
has  the  same  jreneral  chemical  characters  as  that  composed  of  uric  acid, 
from  which  it  is  distinguished  by  its  solubility  in  boiling  water,  when  re- 
duced to  powder,  and  by  its  solution  in  potassa  being  attended  with  the  dis- 
engagement of  ammonia.  It  deflagrates  remarkaUy  before  the  blowpipe. 
(Medico-Chir.  Trans,  x.  389.) 

SL  The  bone.earth  calculus,  first  correctly  analyzed  by  Wollaston,  consists 
of  phosphate  of  lime.  The  surface  of  these  calculi  is  of  a  pale  brown  co- 
lour, and  quite  smooth  as  if  it  had  been  polished.  When  sawed  through 
the  middle,  they  are  found  to  be  laminated  in  a  very  regular  manner,  and 
the  layers  in  general  adhere  so  slightly  that  they  may  be  separated  with 
ease  into  concentric  crusts.  Dr.  Yellowly,  in  several  bone-eafth  concretions, 
has  detected  small  quantities  of  carbonate  of  lime,  which  appears  to  have 
been  overlooked  by  others. 

This-  calculus,  when  reduced  to  powder,  dissolves  with  facility  in  dilute 
nitric  or  muriatic  acid,  but  b  insoluble  in  potassa.  Before  the  blowpipe  it 
first  assumes  a  black  colour,  from  the  decomposition  of  a  little  animal  mat- 
ter, and  then  becomes  quite  white,  undergoing  no  further  change  unless  the 
heat  be  very  intense,  when  it  is  fiised. 

3.  Phosphate  of  ammonia  and  magnesia  was  first  described  as  a  consti- 
tuent of  urinary  calculi  by  Wollaston.  It  rarely  exists  quite  alone,  because 
the  same  etate  of  the  urine  which  leads  to  the  formation  of  this  species, 
favours  the  deposition  of  phosphate  of  lime ;  but  it  is  fjrequently  the  pre- 
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▼liliaff  ingftoAeat  It  oflen  appean  in  the  form  of  minute  tparklinff  crys- 
tale,  diffuaed  over  the  ailrimce  or  between  the  InterMioea  of  other  calcoloua 
lamins. 

Calcali,  in  which  thia  aalt  vreTaila,  are  grenerally  white,  and  leaa  compaet 
than  the  foregoing  apeciea.  When  reduced  to  powder  they  are  diawlved  by 
cold  acetic  acid,  uid  atill  more  easiljr  by  the  stronger  acida,  the  aalt  being 
thrown  down  michanged  by  ammonia.  Digeated  m  pure  potaaaa,  it  emita 
an  ammoniacal  odour,  bat  it  ia  not  disaolved.  Before  the  blowpipe,  a  smdl 
of  ammonia  ia  given  out,  it  diminiabea  in  aiae,  and  melta  into  a  white  pearl 
with  ratlier  more  facility  than  phoapbate  of  lime. 

4.  The  fuaible  calculua,  the  nature  of  which  waa  firat  determined  by  Woi- 
laaCon,  b  a  mixture  of  the  two  preceding  apeciea.  It  is  ooromoaly  of  a 
white  colour,  and  its  fneVan  is  nsnaliy  raeged  and  uneven.  It  is  more 
friable  than  any  of  the  other  kinds  of  caJcoTus,  separates  easily  into  layera, 
and  leayes  a  white  dust  on  the  fiD|rers.  These  concretions  are  very  com- 
num,  and  somotlmea  attain  a  large  8i2e. 

The  fosible  calculua  ia  characterised  by  the  facility  with  which  it  melta 
into  a  pearly  globule,  which  ia  sometimes  quite  transparent  When  reduced 
to  powder,  and  put  into  cold  aoetic  aeid^  the  phosphate  of  ammonia  and 
magneaia  ia  diaaolTed;  and  the  phosphate  of  lime,  almost  the  whole  of  which 
ia  left,  diaaolvea  readily  in  hydnichloric  acid.  * 

5.  The  mulberry  calculus,  so  named  from  ita  reaerablaooe  to  the  fruit  of 
the  mulberry,  waa  first  proved  to  consist  of  oxalate  of  lime  by  WoUaaton. 
Thia  concretion  is  sufficiently  characterized  by  ita  dark.ooloured  tubercu- 
lated  8urfiice,-and  bv  being  very  hard  and  compact;  but  it  may  also  be  dia- 
tinguished  chemically  by  the  follovring  properties.  Heated  before  the  Mow- 
pipe,  the  oxalic  acid  is  decomposed,  and  pure  lime  remaina,  which  givea  a 
strong  brown  atain  to  moistened'  turmeric  paper.  It  is  inaoluble  in  the 
ulkaliea;  but  by  digestion  in  carbonate  of  potassa,  it  is  decomposed,  and  the 
inaoluble  carbonate  of  lime  is  feA.  When  reduced  to  powder  and  digeated 
in  hydrochloric' or  nitric  acid,  a  perfect  solution  is  efiected.  It  is  not  die- 
boItm  by  acetic  add,  a  circumatanoe  which  diatinguishes  it  from  the  am- 
moniaco-magneaian  phosphate;  and  it  is  distinguished  from  phoaphate  of 
lime  W  being  inaoluble  in  phosphoric  acid. 

6.  The  cyatic  oxide  was  described  by  its  discoverer  Wollaston  in  the 
Philoaophical  Tranaactiona  for  1810.  This  concretion  is  not  laminated,  but 
appeara  aa  one  uniform  mass,  confusedly  crystallised  through  its  whole  aub. 
stance,  having  somewhat  the  appearance  of  the  ammoniaeo-magnesian  phos- 
phate, though  more  compact  Before  the  blowpipe  it  emits  a  peculiarly  fetid 
smell,  quite  diatinct  from  that  of  uric  acid,  and  is  consumed.  It  is  charac- 
terised by  the  great  variety  of  reagenta  in  which  it  is  soluble.  It  is  dissolved 
abundantly  by  the  hydrochloric,  nitricvBulphuric,  and  oxaKo  acids;  by  po- 
taaaa, soda,  ammonia,  and  lime-water ;  and  even  by  die  neuirat  carbonates 
of  soda  and  potassa.  It  ia  insoluble  in  water,  alcohol,  bicarbonate  of  am- 
monia, and  in  the  tartaric,  citric,  and  acetic  acids. 

From  tlie  similarity  which  thia  substance  bear»  to  certain  oxides  in 
uniting  both  with  acids  and  alkaliea,  Dr.  Wollaston  termed  it  an  oxide,  and 
gave  it  the  name  of  eyitic^  on  the  supposition  of  iUi  being  peculiar  to  the 
bladder.     Dr.  Marcct,  however,  has  found  it  in  the  kidney. 

Cystic  oxide  is, a  rare  specie*  of  calculus.  In  this  country  seven  speci- 
mens only  have  been  found ; — two  by  Dr.  Wollaston,  two  by  Dr.  Henry ,and 
three  by  Dr.  Marcet :  Prof^sor  Stromeyer  has  met  with  two  instanoea  of 
it  in  one  family,  and  in  one  of  the  cases,  the  cystic  oxide  was  also  detected 
in  the  urine.  M.  Lassaigne  haa  likewise  found  it  in  a  stone  taken  from  the 
bladder  of  a  dog.  From  the  analysis  of  this  chemist,  100  parts  of  cystic 
oxide  are  composed  of  carbon  36iS,  hydrogen  13.8,  oxygen  17,  and  nitro- 
gen 34. 

Dr.  Frout  found  the  urine,  during  the  formation  of  cystic  oxide  calculua, 
to  have  a  density  varying  from  1\020  to  1 .023,  to  be  ratlier  abundant,  faintly 
acid,  of  a  yellowish-green  colour,  and  peculiar  odour,,  and  to  contain  very 
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little  uric  acid  and  urea.  A  grease-looking  film  of  cystic  oxide  collected  on 
its  surface,  and  a  copious  pale  precipitate  was  thrown  down  by  bicarbonate  of 
ammonia,  consisting  of  cystic  oxide  and  the  amraoniaco-magnesian  pboe- 
phate.  The  cystic  oxide  was  also  precipitated  by  acetic  acid.  Dr.  Venables 
nas  examined  tlie  urine  in  a  similar  state,  and  made  similar  remarks, 
(Edin.  Med.  and  Surg.  Journal,  Oct  1830.) 

It  is  remarkable  that  cystic  oxide  is  never  accompanied  with  the  matter 
of  any  other  concretion ;  whereas  the  other  species  are  frequently  met  with 
in  the  same  stone.  They  are  sometimes  so  intimately  mixed  that  they  can 
be  separated  from  one  another  only  by  chemical  analysis,  forming  what  is 
called  a  compound  calculus ;  but  more  frequently  the  concretion  consists  of 
two  or  more  different  species  arranged  in  distinct  alternate  layers.  This  is 
termed  the  alteimating  calculus. 

Besides  the  calculi  just  mentioned,  a  few  other  species  have  been  noticed. 
Two  were  described  by  Dr.  Marcet  under  the  names  of  xarUhic  oxide  and 
Jibrinous  calculus^  both  of  which  are  exceedingly  rare,  Xanthic  oxide  is  of 
a  reddish  or  yellow  colour,  is  soluble  both  in  acids  and  alkalies,  and  its  so- 
lution in  nitric  acid,  when  evaporated,  assumes  a  bright  lemon-yellow  tint, 
a  property  to  which  it  owes  its  name,  and  by  which  it  is  characterized. 
(^Arddc  yeUovt,)  The  fibrinous  calculus  derives  its  name  from  fibrin,  to 
which  its  properties  arc  closely  analogous.  The  third  species  consists  chiefly 
of  carbonate  of  lime,  and  is  likewise  of  rare  occurrence.  It  is  probable  that 
in  some  yery  uncommon  cases,  silica  forms  the  principal  ingredient  of  a 
stone ;  at  least  siliceous  matter  was  found  by  Dr.  Venables  to  be  voided  in 
one  if  not  in  two  cases  of  gravel.  (Journal  of  Science,  N.  S.  vu  234.)  He 
has  since  met  with  it  in  other  cases. 

From  the  solubility  of  urinary  concretions  in  chemical  menstraa,  hopes 
were  once  entertained  tfiat  reagents  might  be  introduced  into  the  urine 
through  the  medium  of  the  blood,  or  be  at  once  injected  into  the  bladder,  so 
as  to  dissolve  urinary  calculi,  and  thus  supersede  the  necessity  of  a  painful 
and  dangerous  operation.  It  has  been  found,  however,  that,  for  this  pur- 
pose,  it  would  be  necessary  to  employ  acid  or  alkaline  solutions  of  greater 
strength  than  may  safely  be  introduced  into  the  bladder ;  and  consequently  all 
attempts  of  the  kind  have  been  abandoned.  The  last  suggestion  of  this  na- 
ture was  made  by  Prevost  and  Dumas,  who  proposed  to  disunite  the  elements 
of  calculi  by  means  of  galvanism.  This  agent,  however,  though  it  may  pro- 
duce this  effect  out  of  Sie  body,  will  scarcely,  I  conceive,  be  found  admissi^ 
ble  in  practice. 


SECTION  VI. 


SOLID  PARTS  OF  ANIMALS. 

Bone$  consist  of  earthy  salts  and  animal  matter  intimately  blended,  the 
former  of  which  are  designed  for  giving  solidity  and  hardness,  and  the  lat- 
ter for  agglutinating  the  earthy  particles.  The  animal  substances  are  chiefly 
ctitilage,  gelatin,  and  a  peculiar  fatty  matter  called  marrow.  On  redacing 
bonofl  to  powder,  and  dicesting  them  in  water,  the  fat  rises  and  swims  upon 
its  surface,  while  the  geUtin  is  dissolyed.  By  digesting  bones  in  dilute  hy- 
drochloric acid,  the  earthy  salts  are  dissolved,  and  a  flexible  mass  remains 
which  retains  the  original  figure  of  the  bone,  and  consists  of  gelatin  and  car- 
tilage :  the  fivmer  is  by  far  the  most  abundant,  since  nearly  the  whole  may 
be  dissolved  in  boiling  water,  and  yields  a  solution  possessed  of  all  the  pro- 
perties of  gektin.    The  residual  cartilage  appears  identical  with  coagulated 
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albamen.    The  animal  matter  of  bones  is  formed  before  the  earthy  matter, 
and  constitntei  the  nidus  in  which  the  latter  is  deposited. 

When  bones  are  heated  in  close  vessels,  a  large  quantity  of  carbonate  of 
ammonia,  some  fetid  cmpyreumatic  oil,  and  the  usual  inflammable  gases 
pass  over  into  the  recipient ;  while  a  mixture  of  charceal  and  earthy  matter, 
called  animal  charcoal  remains  in  the  retort  If,  on  the  contrary,  they  are 
heated  to  redness  in  an  open  fire,  the  charcoal  is  consumed,  and  a  pure  while 
friable  earth  is  the  sole  residue. 

According  to  the  analysis  of  Berzelius,  TOO  parts  of  dry  human  bones  con- 
sist of  animal  matters  33.3,  phosphate  of  Time  51.04,  carbonate  of  lime  11.3, 
fluate  of  lime  2,  phosphate  of  magnesia  1.16,  and  soda,  muriate  of  soda,  and 
water  l^,  Mr.  Hatchett  found,  also,  a  small  quantity  of  sulphate  of  Ume ; 
and  Fourcroy  and  Vauqnelin  discovered  traces  of  alymina,  silica,  and  the 
oxides  of  iron  and  manganese. 

Teeth  are  composed  of  the  same  materials  as  bone ;  but  the  enamel  dis- 
solres  completely  in  dilute  nitric  acid,  and,  therefore,  is  free  from  cartilage. 
From  the  analysis  of  Mr.  Pepys,  the  enamel  contains  78  per  cent  of  phoS- 
phate  and  6  of  carbonate  of  lime,  the  residue  bcin^  probably  gelatin.  The 
composition  of  ivory  is  similar  to  that  of  the  bony  matter  of  teeth  in  general. 

llie  shells  of  eggs  and  (he  covering  of  crustaceous  animals,  such  as  lob- 
sters, crabs,  and  the  starfish,  consist  of  carbonate  and  a  little  phosphate  of 
Ume  and  animal  tnatter.  The  shelfo  of  oysters,  muscles,  and  other  raollua- 
coos  animals  consist  almost  entirely  of  carbonate  of  lime  and  animal  mat- 
ier,  and  the  composition  of  pearl  and  mother  of  pearl  is  similar. 

Jfom  differs  from  bone  in  containing  only  a  trace  of  earth.  It  oonsrsts 
chiefly  of  gelatin  and  a  cartilaginous  substance  like  coagulated  albumen. 
The  composition  of  the  nails  and  hoofs  of  animals*  is  similar  to  that  of  horn; 
and  the  cuticle  belongs  to  the  same  class  of  substances. 

Tendont  appear  to  be  composed  almost  entirely  of  gelatin ;  for  they  are 
soluble  in  boiling  water,  and  the  solution  yields  an  abundant  jelly  on  cod- 
ing. The  composition  of  the  true  skin  is  nearly  the  same  as  that  of  ten- 
dons. Membranes  and  ligaments  are  composed  chiefly  of  gelatin,  but 
they  also  contain  some  substance  which  is  insoluble  in  water,  and  is  similar 
to  coagulated  albumen. 

According  to  the  analysis  of  Vauquelin,  the  principal  ingredient  of  hair 
is  a  peculiar  animal  substance,  inpoluble  in  water  at  212^  F.  but  which  may 
be  dissolved  in  that  liquid  by  means  of  Papin*8  digester,  and  is  soTuble  in 
a  solution  of  potassa.  Besides  this  substance  hair  contains  oil,  sulphur, 
silica,  iron,  manganese,  and  carbonate  and  phosphate  of  lime.  The  cioloor 
of  the  hair  depends  on  that  of  its  oil ;  and  the  effect  of  metallic  solutions, 
such  as  nitrate  of  oxide  of  silver,  in  staining  the  hair,  is  owing  to  the  pre- 
sence of  sulphur. 

The  composition  of  wool  and  feathers  appears  analogous  to  that  of  hair. 
The  quill  part  of  the  feather  was  found  by  Mr..  Hatchett  to  consist  of  co- 
agulated albumen. 

Silk  is  covered  with  a  peculiar  varnish  which  is  soluble  in  boiling  water 
and  in  alkaline  solutions,,  and  amounts  to  about  23  per  cent,  of  the  raw  ma- 
terial.  By  digestion  in  alcohol  it  is  also  deprived  of  a  portion  of  wax.  The 
remaining  fibrous  structure  has  been  examined  in  a  very  imperfect  manner. 
By  the  action  of  nitrio  acid  it  is  converted  into  carbazotic  acid. 

The  flesh  of  animals,  or  mtrse/ev  consists  essentially  of  fibrin ;  but  ind^ 
pendentiy  of  this  principle,  it  contains  several  other  ingredients,  such  as  af- 
Imnien,  gelatin,  a  peculiar  extractive  matter  called  osmaxome^  fat,  and  salts, 
substances  which  are  chiefly  derived  from  the  blood,  vessels,  and  cellular 
membrane,  dispersed  through  the  muscles.  On  macerating  flesh,  cut  into 
■mall  fragments,  in  successive  portions  of  cold  water,  the  albumen,  oem&- 
some,  and  salts  are  dissolved ;  and  on  boiling  the  solution,  the  albumen  is 
coagulated.  From  the  remaining  liquid,  the  oemazome  may  be  procured  in 
s  separate  state  by  evaporating  to  the  consistence  of  an  extnct,  and  treathig 
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it  with  cold  alcohol.  By  the  action  of  boiling  water,  the  gelatin  of  the  mtw- 
ele  is  dissolved,  the  fat  melts  and  rises  to  the  surface  of  the  water,  and  pure 
Sbrin  remains. 

The  characteristic  odour  and  taste  of  soup  are  owing  to  the  otfmazome. 
This  substance  is  of  a  yellowish-brown  colour,  and  is  distinguished  from  the 
other  animal  principles  by  solubility  in  water  and  alcohol,  whether  cold  or  at 
a  boiling  temperature,  and  hj  not  forming  a  jelly  when  its  solution  is  con- 
centrated by  evaporation.  Like  gelatin  and  albumen  it  yields  a  precipitate 
with  inftision  of  gall-nuts. 

The  substance  of  the  brain,  nerves,  and  spinal  marrow  differs  from  that  of 
all  other  animal  textures.  The  most  elaborate  analysis  of  cerebral  matter  is 
by  Vauquelin,  who  found  that  100  parts  of  it  consist  of  water  80,  albumen  7, 
white  &tty  matter  4.53,  red  fatty  matter  0.7,  osmazome  1.12,  phosphorus  1.5, 
and  acids,  salts,  and  sidphur  5.15.  (Annals  of  Phil,  i.) 

M.  Couerbe  has  discovered  in  the  brain  a  large  quantity  of  cholesterine. 
He  also  states  that  the  brain  of  persons  of  sound  intellect  usually  contains 
from  2  to  2i|  per  cent,  of  phosphorus :  in  the  brain  of  idiots  the  phosphorus 
is  about  1  or  lj|  per  cent,  and  in  maniacs  it  amounts  to  3,  4,  and  4i|  per  cent. 

The  presence  of  albumen  accounts  for  the  partial  solubility  of  tne  brain 
in  cold  water,  and  for  the  solution  being  coagulated  by  heat,  acids,  alcohol, ' 
and  by  the  metallic  salts  which  coagulate  other  albuminous  fluids.  By  act. 
ing  upon  cerebral  matter  with  boiling  alcohol,  the  fatty  principles  and  osma- 
zome are  dissolved,  and  the  solution  in  cooling  depositee  the  white  fatty 
matter  in  the  form  of  crystalline  plates.  On  expelling  the  alcohol  by  evapo- 
ration, and  treating  the  residue  with  cold  alcohol,  the  osmazome  is  taken  up, 
and  a  fixed  oil  remains  of  a  reddish-brovm  colour,  and  an  odour  like  that  of 
the  brain  itself  though  much  stronger.  These  two  species  of  fiit  differ  little . 
from  each  other,  and  both  yield  phosphoric  acid  when  deflagrated  with  nitre. 


SECTION  VII. 

PUTREFACTION. 

WsBf  dead  animal  matter  is  exposed  to  air,  moisture,  and  a  moderate 
temperature,  it  speedily  runs  into  putrefaction,  during  which  every  trace  of 
its  original  texture  disappears,  and  products  of  a  very  offensive  nature  are 
generated.  The  most  nivourable  temperature  is  from  60°  to  W^  or  90^  F. 
Below  50^  the  process  takes  place  tardUy,  and  at  32"  it  is  wholly  arrested;*^ 
a  fact,  which  b  clearly  evinced  by  the  circumstance  that  the  bodies  of  ani- 
mals,  which  have  been  buried  in  snow  or  ice,  are  found  unchanged  after  a 
long  series  of  years.  The  necessity  of  a  certain  degree  of  moisture  is  shown 
by  the  fkdlity  with  which  the  most  perishable  substancee  may  be  preserved 
when  quite  dry.  The  preservation  of  smoked  meat  is  chiefly  owing  to  this 
cause;  and,  for  a  like  reason,  animals  buried  in  the  dry  sand  of  Arabia  and 
Egypt  have  remained  for  years  without  change. 

it  is  probable  that  when  moisture  and  warmth  concur,  putrefaction  in 
animal  matter  which  has  not  been  heated  to  212^  will  take  place  indepen- 
dently  of  atmospheric  influence.  But  when  animal  matter  has  been  boiled, 
and  IS  then,  witnout  subsequent  exposure,  completely  protected  from  air,  it 
may  be  preserved  for  years,  even  thoueh  moist  and  in  a  temperature  favour- 
able  to  pntre&ction.  The  practice  of  preserving  every  kind  of  food,  both 
animal  and  vegetable,  now  a  subject  of  extensive  commercial  enterprise,  a£> 
fords  ample  demonstration  of  this  statement  The  mode  generally  adopted 
is  the  following.  Into  a  tin  vessel  is  placed  any  kind  of  fcrad,  such  as  joints 
of  meat,  fish,  game,  and  vegetables,  dressed  for  the  table ;  and  into  the  mter- 
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Btiow  i«  poured  a  rich  gravy,  care  being  taken  to  bare  the  venel  completely 
foU.  A  tin  cover,  with  a  small  aperture,  ie  then  carefully  fixed  by  solder ; 
and  while  the  whole  venel  is  perfectly  ifall,  and  at  the  temperature  of  312c>, 
the  remaining  aperture  is  dosed.  As  the  ingredients  within  cool  and  coo- 
tract,  a  vacuum  is  formed  if  the  operation  has  been  skilfully  conducted,  and 
the  sides  of  the  vessel  are  in  consequence  slightlv  pressed  in  b^  the  weight 
of  the  stmosphere.  In  this  state  the  vessel  may  be  sent  to  tropical  climates 
without  fear  of  putrefaction ;  and  the  most  deUcate  food  of  one  country  be 
thus  eaten  in  its  original  perfection,  in  a  distant  region,  many  months  or 
even  years  after  its  preparation. 

For  reasons  formerly  mentioned,  animal  matters  commonly  undergo  pu- 
trefiiction  more  rapidly  than  those  which  are  derived  from  the  vegetable 
kingdom  (page  494);  but  they  are  not  all  equally  disposed  to  putrefy.  The 
acid  and  &tty  principles  are  less  liable  to  this  change  than  urea,  fibrin,  and 
other  analogous  substances.  The  chief  products  to  which  their  dissolution 
gives  rise  are  water,  ammonia,  carbonic  acid,  and  sulphuretted,  phosphuret- 
ted,  and  carburetted  hydrogen  gases. 


P  A  R  T    I V. 

ANALYTICAL  CHEMISTRY. 


Tax  object  of  this  Fourth  Part  of  tho  volome  is  to  serve  as  a  guide  to 
those  who  purpose  merelj  to  skim  the  surface  of  analytical  chemistry.  To 
render  it  a  complete  manual  was  never  intended :  to  do  so  would  be  foreign 
to  the  plan  of  these  Elements,  and  would  encroach  on  space  which  is  devoted 
to  another  purpose.  This  part  is,  therefore,  left  without  addition ;  and  this 
is  done  the  more  willingly,  because  I  hope  at  some  future  period  to  embody 
the  results  of  my  own  experience  in  analytical  chemistry  in  a  separate  vo- 
lume. To  those  who  are  much  occupied  in  the  laboratory  I  would  recom. 
mend  the  following  works : — ^The  Analytical  Chemistry  of  Rose,  either  in 
the  original  German  or  the  translation  by  Griffith,  for  processes  of  analysis; 
— ^Faraday's  work  on  Chemical  Manipulation  for  the  delicate  operations  of 
research ; — and  Reid*s  Elements  of  Practical  Chemistry  for  experiments  of 
demonstration.  The  few  following  directions  are  thrown  into  three  sec- 
tions, which  treat  of  the  analysis  of  mixed  gases,  of  minerals,  and  of  mine- 
ral waters. 


SECTION  I. 

ANALYSIS  OF  MIXED  GASES. 

AnalyM  cfAir  or  of  Oaoeoua  Mixtures  containing  Oxygen, — Of  the  various 
processes  by  which  oxygen  gas  may  be  withdrawn  from  gaseous  mixtures, 
and  its  quantity  determined,  none  are  so  convenient  and  precise  as  the  me- 
thod by  means  of  hydrogen  gas.  In  performing  this  analysis,  a  portion  of 
atmospheric  air  is  caremlly  measured  in  a  graduated  tube,  and  mixed  with 
a  quantity  of  hydrogen  gas  which  is  rather  more  than  sufficient  for  uniting 
with  all  the  oxygen  present  The  mixture  is  then  introduced 
into  a  strong  glass  tube.  A,  called  Volta*s  eudiometer,  shown 
in  the  annexed  wood-cut,  and  an  electric  spark  is  passed 
through  it  by  means  of  the  conducting  wires  B,  B,  fixed  into 
the  tube.  The  aperture  is  closed  by  the  thumb  at  the  mo- 
ment of  detonation,  in  order  to  prevent  any  of  the  mixture 
from  escaping.  The  total  diminution  in  volume,  divided  by 
three,  indicates  the  quantity  of  oxygen  originally  contained 
in  the  mixture.  This  operation  may  bd  performed  in  a 
trough  either  of  water  or  mercury. 

Instead  of  electricity,  spongy  platinum  may  be  employed  for  causing  the 
union  of  oxygen  and  hydrogen  gases ;  and  while  its  indications  are  very 
precise,  it  has  the  advantage  of  producing  the  effisct  gradually  and  without 
detonation.  The  most  convenient  mode  of  employing  it  with  thilPintentioa 
is  tho  following.  A  mixture  of  spongy  platinum  and  pipe-clay,  in  the  pro- 
portion of  about  three  parts  of  the  former  to  one  of  the  latter,  is  made  into 
a  pwtd  with  water,  ana  tbm  roUed  between  the  fingers  into  a  globular  form. 
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In  order  to  |inmn€  the  spoocy  texture  of  the  pi«liiiom«  a  little  hydrocMo- 
rale  of  amnwinia  is  mixed  wito  the  pote;  and  when  Ae  Imll 


dry,  it  is  cauliooriy  ignited  at  the  flame  of  a  epirivlampw  The  sal 
BJac^  eereping  from  ^  parts  of  the  maaa,  gives  it  a  degree  of  poroaity  y 
is  peenliarly  &Toarabfe  to  its  action.  The  ball,  thos  prepared,  aiioald  he 
proteeted  from  dost,  and  be  heated  to  redness  just  before  beings  used.  To 
msnre  accuracy,  the  hydrogen  employed  shoold  be  kept  over  mercury  for  a 
few  hoars  in  contact  with  a  platinum  ball  and  a  piece  of  cansitic  ptMwmm 
The  first  deprives  it  of  traces  of  oxygen  which  it  commonly  oontaum,  and 
the  second  of  moistnre  and  bydrosolphnric  acid.  The  analysis  moat  be  per- 
formed  in  a  mercorial  troogh.  The  time  required  for  completely  xemoying 
the  oxygen  depends  on  the  diameter  of  the  tube.  If  the  mixture  is  oontained 
in  a  very  narrow  tube,  the  diminution  does  not  arrive  at  its  fuU  extent  in  less 
than  twenty  minutes  or  half  an  hour;  while  in  a  vessel  of  an  inch  in  diaiiie> 
ter,  the  effect  is  complete  in  the  course  of  five  minutes. 

Mode  of  determining  the  Quantity  of  Nitrogen  in  CfaseouB  SSztmrvt. — 
As  atmospheric  air,  which  has  been  deprived  of  moisture  and  carbonic  acid, 
consists  of  oxygen  and  nitrogen  only,  the  proportion  of  the  latter  is  of 
coarse  known  as  soon  as  that  of  the  former  is  determined.  The  only 
method,  indeed,  by  which  chemists  are  enabled  to  estimate  ^e  quantity  a€ 
this  gas,  is  by  withdrawing  the  other  gaseous  substances  with  which  it  is 
mixed. 

Mode  of  determining  tke  Quantity  of  Carbonic  Acid  in  Gaseous  Mixterec. 
"—When  carbonic  acid  is  the  only  acid  gas  which  is  present,  as  in  analyxing 
atmospheric  air,  in  the  ultimate  analysis  of  organic  compounds,  and  in  most 
other  analogous  researches,  the  process  for  determining  its  quantity  is  ex- 
ceedingly simple ;  for  it  consists  merely  in  absorbing  that  gas  by  llme-water 
or  a  scuution  of  caustic  potassa.  This  is  easily  done  in  the  course  of  a  fow 
minutes  in  an  ordinary  graduated  tube;  or  it  may  be  effected 


instantaneously  hj  agitating  the  gaseous  mixture  with 
the  alkaline  solution  in  Hopes*s  eudiometer.  Thb  apparatus,  as 
represented  in  the  fi|rure,  is  formed  of  two  parts: — of  the  bot- 
tle A^  capable  of  containing  about  twenty  drachms  of  fluid,  and 
ftunished  with  a  well  ground  stopper  c ;  and  of  the  tube  a,  of 
the  capacity  of  one  cubic  inch,  divided  into  100  equal  parts, 
and  accurately  fitted  by  grinding  to  the  neck  of  the  bottle. 
The  tube,  fiill  of  gas,  b  fixed  into  the  bottle  previously  filled 
with  lime-water,  and  its  contents  are  briskly  agitated.  The 
stopper  c  is  then  withdrawn  under  water,  when  a  portion  of 
liquid  rushes  into  the  tube,  supplying  the  place  of  the  gas 
which  has  disappeared ;  and  the  process  is  afterwards  repeated, 
as  long  as  any  absorption  ensues. 

The  eudiometer  of  Dr.  Hope  was  originally  designed  for  ana- 
lyzing air  or  other  similar  mixtures,  the  bottle  bemg  filled  with  a  ablation 
of  hydrosujphuret  of  potassa  or  lime,  or  some  liquid  capable  of 
absorbing  oxygen..  To  the  employment  of  this  apparatus  it  has 
been  objected,  that  the  absorption  is  rendered  slow  by  the  par- 
tial  vacuum  which  is  continually  taking  place  within  it,  an  in- 
convenience particularly  folt  towards  Uie  close  of  the  process, 
in  consequence  of  the  eudiometric  liquor  being  diluted  by  the 
admission  of  water.  To  remedy  this  defect,  Dr.  Henry  has 
anbstituted  a  bottle  of  elastic  gum  for  that  of  glass,  as  in  the 
annexed  wood-cut,  by  which  contrivance  no  vacuum  can  occrir. 
From  the  improved  method  of  analyzing  air,  however,  this 
instrument  is  now  rarely  employed  in  eudiometry ;  but  it  may 
be  used  with  advantage  for  dlMorbing  carbonic  acid  or  simi- 
lar  gases,  and  is  particnlarly  usefid  for  the  purpose  of  demon- 
stration. 
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Mode  of&milyxing  Mixtures  of  Hydrogen  and  other  JbiflammahU  Ga$e$^^ 
When  hydrogen  is  mixed  with  nitrogen,  oxygen,  or  atmospheric  air,  ita 
quantity  is  easily  ascertained  by  causing  it  to  combine  with  oxygen  either 
by  means  of  platinum  or  the  electric  spark.  If^  instead  of  hydrogen,  any 
other  combustible  substance,  such  as  carbonic  oxide,  lifht  carburetted  hy- 
drogen, or  defiant  gas,  be  mixed  with  nitrogen,  the  anafysis  is  easily  effect- 
ed by  adding  a  sufficient  quantity  of  oxycren,  and  detonating  the  mixture  by 
electricity.  The  diminution  in  volume  indicates  the  (quantity  of  hydrogen 
contained  in  the  ^as,  and  from  the  carbonic  acid,-  which  may  then  be  re- 
moved by  an  alkali,  the  quantity  of  carbon  is  inferred. 

An  elegant  mode  of  converting  carbonic  oxide  into  carbonic  acid  gas, 
suggested  by  Dr.  Henry,  is  to  mix  it  with  rather  more  than  its  own  volume 
of  nitrous  oxide  gas,  and  fire  the  mixture  by  the  electric  spark.  The  two 
gases  mutually  decompose  each  other,  and  give  rise  to  nitrogen  and  car- 
bonic acid  gases.  For  each  measure  of  carbonic  oxide  one  of  carbonic  acid 
is  produced,  one  measure  of  nitrous  oxide  is  decomposed,  and  one  of  nitro- 
gen evolved.  By  employing  a  slight  excess  of  pure  carbonic  oxide,  the 
composition  of  nitrous  oxide  may  be  ascertained.  The  mixed  gases  occupy 
the  same  space  after  deflagration  as  before  it;  and  the  carbonic  acid  gas 
occupies  the  same  space  as  the  nitrous  oxide  which  had  been  present.  (Ad- 
nals  of  Philosophy,  xxiv.  301.) 

When  defiant  gas  is  mixed  with  other  inflammable  gases,  its  quantity  is 
easily  determined  by  an  elegant  and  simple  process  proposed  by  Dr.  Henry 
(page  249).  It  consists  in  mixing  100  measures,  or  any  convenient  quantity 
of  Uie  gaseous  mixture,  with  an  equal  volume  of  chlorine  in  a  vessel  cover- 
ed with  a  piece  of  cloth  or  paper,  so  as  to  protect  it  from  light ;  and  after 
an  interval  of  about  ten  minutes,  the  excess  of  chlorine  is  removed  by  a 
solution  of  lime  or  potassa.  The  loss  experienced  by  the  gas  to  be  analyzed, 
indicates  the  exact  quantity  of  olefiant  gas  which  it  had  contained. 

This  method  is  not  correct  when  the  vapours  of  the  dense  hydrocarburets 
are  present.  Thus  when  oil  gas  is  mixed  with  chlorine,  the  dimmution  in 
volume  arises  from  the  removal  of  the  combustible  vapours  as  well  as  of 
olefiant  gas ;  for  the  former  are  equally  disposed  as  the  latter  to  unite  with 
chlorine.  ** 

In  mixtures  of  hydrogen,  carburetted  hydrogen,  and  carbonic  oxide,  the 
analytic  process  is  exceedingly  difficult  and  complicated,  and  requires  all 
the  resources  of  the  most  refined  chemical  knowledge,  and  all  the  address  of 
an  experienced  analyst  The  most  recent  information  on  this  subject  will 
be  found  m  Dr.  Henry's  Essay  in  the  j^hilosophical  Transactions  for  1834. 


SECTION  II. 


ANALYSIS  OF  MINERALS. 

As  the  very  extensive  nature  of  this  department  of  analytical  chemistry 
renders  a  selection  necessary,  I  shall  confine  my  remarks  solely  to  the  ana- 
lysis of  those  earthy  minerals  with  which  the  beginner  usually  commences 
his  labours.  The  most  common  constituents  of  these  compounds  are  silica, 
alumina,  iron,  manganese,  lime,  magnesia,  potassa,  soda,  and  carbonic  and 
sulphuric  acids ;  and  I  shall,  therefore,  endeavour  to  give  short  directions 
for  determining  the  quantity  of  each  of  these  substances. 

In  attempting  to  separate  two  or  more  fixed  principles  from  each  other, 
the  first  object  of  the  analytical  chemist  is  to  bring  them  into  a  state  of 
solution.  If  they  are  soluble  in  water,  this  fluid  is  preferred  to  every  other 
menstruum;  but  if  not,  an  acid  or  any  convenient  solvent  may  be  employed. 
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In  mtny  insUnees,  however,  the  mibstance  to  be  uudjzed  raiists  the  action 
eyen  of  the  acids,  and  in  that  case  the  following  method  is  adopted : — The 
compoand  is  first  crashed  by  means  of  a  hammer  or  steel  mortar,  and  is 
afterwards  reduced  to  an  impalpable  powder  in  a  mortar  of  agate :  it  is 
then  intimately  mixed  with  three,  four,  or  more  times  its  weight  of  potaasa, 
soda,  baryta,  or  their  carbonates ;  and,  lastly,  the  mixture  is  exposed  in  a 
crucible  of  silver  or  platinum  to  a  strong  heat  Daring  the  operation,  the 
idkali  combines  with  one  or  more  of  the  constituents  of  the  mineral ;  and, 
consequently,  its  elements  being  disunited,  it  no  longer  resists  the  action  of 
the  acids. 

AnalyM  of  Marble  or  Carbonate  of  ZAme. — ^This  analysis  b  easilj  made 
by  exposing  a  known  quantity  of  marble  for  about  half  an  hour  to  a  full 
whito  heat,  by  which  means  the  carbonic  acid  gas  is  entirely  expeUcd,  so 
that  by  the  loss  in  weight,  the  quantit>  of  each  ingredient,  supposing-  the 
marble  to  have  been  pure,  is  at  once  determined.  In  order  to  ascertain  that 
the  whole  loss  is  owing  to  the  escape  of  carbonic  acid,  the  qnantity  of  this 
gas  may  be  determined  by  a  comparative  analysis.  Into  a  small  flask  oom> 
taining  hydrochloric  acid  diluted  with  two  or  three  parts  of  water,  a  known 
quantity  of  marble  is  gradually  added,  the  flask  being  inclined  to  one  side 
in  order  to  prevent  the  fluid  from  being  flung  out  of  the  vessel  during  the 
effervescence.  The  diminution  in  weight  experienced  by  the  flask  and  its 
contents,  indicates  the  quantity  of  carbonic  acid  which  has  been  expelled. 

Should  the  carbonate  sufier  a  greater  loss  in  the  fire  than  when  decom- 
posed  by  an  acid,  it  will  most  probably  be  fbund  to  contain  water.  This 
may  be  ascertained  by  heating  a  piece  of  it  to  redness  in  a  glass  tube,  the 
sides  of  which  will  be  bedewed  with  moisture,  if  water  is  presenL  Its 
quantity  may  be  determined  by  causing  the  watery  vapour  to  pass  tbrongfa 
a  weighed  tube  filled  with  fragments  of  the  chloride  of  calcium,  by  which 
the  moisture  is  abBorbed. 

Separation  of  Lime  and  Ma^ena. — ^The  more  common  kinds  of  carbonate 
of  lime  frequently  contain  traces  of  siliceous  and  aluminous  earths,  in  coo- 
sequence  of  which  they  are  not  completely  dissolved  in  dilute  hydrochlone 
acid.  A  very  frequent  source  of  impurity  is  carbonate  of  magnesia,  which 
is  often  present  in  such  quantity  that  it  forms  a  peculiar  compound  called 
magnenan  lime$tone.  The  analysis  of  this  substence,  so  far  as  respects 
carbonic  acid,  is  the  same  as  that  of  marble.  The  separation  of  the  two 
earths  may  be  conveniently  effected  in  the  following  manner.  The  solution 
of  the  mineral  in  muriatic  acid  is  evaporated  to  perfect  dryness  in  a  flat 
dish  or  capsule  of  porcelain,  and  afler  redissolving  the  residuum  in  a  mode- 
rate  quantity  of  distilled  water,  a  solution  of  oxalate  of  ammonia  is  added 
as  long  as  a  precipitate  ensues.  The  oxalate  of  lime  is  then  allowed  to  sttb> 
side,  collected  on  a  filter,  converted  into  quicklime  by  a  white  heat,  and 
weighed;  or  the  oxalate  may  be  decomposed  by  a  red  heat,  and  after  moist- 
ening the  resulting  carbonate  with  a  strong  solution  of  carbonate  of  ammo> 
nia,  m  order  to  supply  any  particles  of  quicklime  with  carbonic  acid,  it 
should  be  dried,  heated  to  low  redness,  and  regarded  as  pure  carbonate  of 
lime.  To  the  filtered  liquid,  containing  the  magnesia,  a  mixture  of  pore 
ammonia  and  phosphate  of  soda  is  added,  when  the  magnesia  in  the  form 
of  the  ammoniaco-phosphate  is  precipiteted.  Of  this  precipitate,  heated  to 
redness,  100  parts,  according  to  Stromeyer,  correspond  to  37  of  pare  mag- 
nesia. 

The  precipitation  of  magnesia  by  means  of  phosphoric  acid  and  am. 
monia,  though  extremely  accurate  when  properly  performed,  requires  several 
precautions.  The  liquid  should  be  cold,  and  either  neutral  or  alkaline. 
The  precipitate  is  dissolved  with  great  ease  by  most  of  the  aetds;  and 
Stromeyer  has  remarked  that  some  of  it  is  held  in  solution  by  carbonic 
acid  whether  free  or  in  union  with  an  alkali.  The  absence  of  carlwnic  acid 
should,  therefore,  always  be  insured,  prior  to  the  precipitation,  by  heating 
the  solution  to  213^,  acidulating  at  the  same  time  by  hydrochloric  aeid, 
should  an  alkaline  carbonate  be  present    Berzelius  has  aUo  obsenml,  jtfnit 
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in  washiog  the  ammontaoo-niairnesian  pbosptiafo  on  a  filter,  a  portion  of  the 
salt  is  dissolved  as  soon  as  the  saline  matter  of  the  solution  is  nearly  all 
removed ;  that  is  to  say,  it  is  dissolved  by  pure  water.  Hence  the  edulcora- 
tion  should  be  completed  by  water,  wMch  is  rendered  slightly  saline  by 
hydrochlorate  of  ammonia. 

Earthy  Sulphates.— The  most  abundant  of  the  earthy  sulphates  is  that  of 
lime,  the  analysis  of  which  is  easily  effected^  By  boiling  it  for  fiAeen  or 
twenty  minutes  with  a  solution  of  twice  its  weight  of  carbonate  of  soda, 
double  decomposition  ensues ;  and  the  carbonate  of  lime,  after  being  coU 
lected  on  a  filter  and  washed  with  hot  water,  is  cither  heated  to  low  redness 
to  expel  the  water,  and  weighed,  or  at  once  reduced  to  quicklime  by  a 
white  heat.  Of  the  dry  car^nate,50  parte  correspond  to  28  of  lime.  The 
alkaline  solution  is  acidulated  with  hydrochloric  acid,  and  the  sulphuric 
acid  thrown  down  by  cliloride  of  barium.  From  the  sulphate  of  baryta,  col- 
lected and  dried  at  a  red  heat,  the  quantity  of  acid  may  easily  be  estimated. 

The  method  of  analyzing  the  sulphate  of  strontia  and  baryta  is  some- 
what diflferent.  As  these  salts  are  difficult  of  decomposition  in  the  moist 
way,  the  following  process  b  adopted.  The  sulphate,  in  fine  powder,  is 
mixed  with  three  times  ite  weight  of  carbonate  of  soda,  and  the  mixture  is 
heated  to  redness  in  a  platinum  crucible  for  the  space  of  an  hour.  The 
ignited  mass  is  tlien  digested  in  hot  water,  and  the  insoluble  earthy  carbo- 
nate collected  on  a  filter.  The  other  parte  of  the  process  are  the  same  as 
the  foregoing. 

Mode  of  analyzing  Compounds  of  Silica,  Alumina,  and  Iron, — ^Minerals, 
thus  constituted,  are  decomposed  by  an  alkaline  carbonate  at  a  red  heat,  in 
the  same  manner  as  sulphate  of  baryte.  The  mixture  is  afterwards  digested 
in  dilute  hydrochloric  acid,  by  which  means  all  the  ingrediente  of  the  mine- 
ral,  if  tlie  decomposition  is  complete,  are  dissolved.  The  solution  is  next 
evaporated  to  dryness,  the  heat  being  carefully  regulated  towards  the  close 
of  the  process,  in  order  to  prevcnt.any  of  the  chloride  of  iron,  the  volatility 
of  which  is  considerable,  from  being  dissipated  in  vapour.  By  this  o^ra- 
tion,  the  silica,  though  previously  held  in  solution  by  the  acid,  is  entirely 
deprived  of  ite  solubility;  so  that  on  digesting  tlie  dry  mass  in  water 
acidulated  wiiii  hydrochloric  acid,  the  alumina  and  iron  are  teken  up,  and 
the  silica  is  left  in  a  state  of  purity.  The  siliceous  earth,  after  subsiding,  is 
collected  on  a  filter,  carefully  edulcorated,  heated  to  redness,  and  weighs!. 

To  the  clear  liquid,  eonteining  peroxide  of  iron  and  alumina,  a  solution 
of  pure  potessa  is  added  in  moderate  excess ;  so  as  not  only  to  throw  down 
those  oxides,  but  to  dissolve  the  alumina.  The  peroxide  of  iron  is  then  col- 
lected on  a  filter,  edulcorated  carefully  until  the  washings  cease  to  have  an 
alkaline  reaction,  and  is  well  dried  on  a  sand-bath.  Of  this  hydrated  per- 
oxide, 49  parte  contain  40  of  anhydrous  peroxide  of  iron.  But  the  most  ac- 
curate mode  of  determining  its  quantity  is  by  expelling  the  water-  hy  a  red 
heat.  This  operation,  however, should  be  done  with  care;  since  any  ad- 
hering particles  of  paper,  or  other  combustible  maticr,  would  bring  the  iron 
into  tbe  slate  of  black  oxide,  a  change  which  is  known  to  have  occurred  by 
tlie  iron  being  attracted  by  a  roajgfnet. 

To  procure  the  alumina,  the  liquid  in  which  it  is  dissolved  is  boiled  with 
hydrochlorate  of  ammonia,  when  chloride  of  potassium  is  formed,  the  vo- 
latile alkali  is  dissipated  in  vapour,  and  the  alumina  subsides.  As  soon  as 
the  solution  is  thus  rendered  neutral,  tlie  hydrous  alumina  is  collected  on  a 
filter,  dried  by  exposure  to  a  white  heat,  and  quickly  weighed  after  removal 
from  the  fire^- 

Separation  of  Iron  and  Manganese. — ^A  compound  of  these  metals  or  their 
oxides  may  be  dissolved  in  hydrochloric  acid.  If  the  iron  is  in  a  large  pro- 
portion  compared  with  tbe  manganese,  the  following  process  may  be-  adopted 
with  advantage.  To  the  cold  solution  considerably  diluted  with  water,  and 
acidulated  with  hydrochloric  acid,  carbonate  of  seda  is  gradually  added,  and 
the  liquid  is  briskly  stirred  with  a  glass  rod  during  the  effervesence,  in  order 
that  it  may  become  highly  charged  with  carbenio  acid.  By  neatralizing  tbe 
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solution  in  this  manner,  it  at  length  attains  a  point  at  which  the  peroxide  of 
iron  is  entirely  deposited,  leaving  the  liquid  colourless';  while  the  maxura- 
nese,  by  aid  of  the  free  carbonic  acid,  is  kept  in  solution.  The  iron,  after 
subsiding,  is  collected  on  a  filter,  and  its  quantity  determined  in  the  usual 
manner.  The  filtered  liquid  is  then  boiled  with  an  excess  of  carbonate  of 
soda ;  and  the  precipitated  carbonate  of  manganese  is  collected,  heated  to 
full  redness  in  an  open  crucible,  by  which  it  is  converted  into  the  red  oxide, 
and  weighed,  lliis  method  is  one  of  some  delicacy ;  but  in  skilfiil  hands 
it  affords  a  very  accurate  result.  It  mav  also  be  employed  for  separating 
iron  from  magnesia  and  lime  as  well  as  n-om  manganese. 

But  if  the  proportion  of  iron  is  small  compared  with  that  of  manganese, 
the  best  mode  of  separating  it  is  by  succinate  of  ammonia,  or  soda,  prepued 
by  neutralizing  a  solution  of  succinic  acid  with  either  of  those  alkalies. 
That  tliis  process  should  succeed,  it  is  necessary  that  the  iron  be  wholly  in 
the  state  of  peroxide,  that  the  solution  be  exactly  neutral,  which  may  easily 
be  insured  by  Che  cautious  use  of  ammonia,  and  that  the  reddish-brown 
coloured  succinate  of  peroxide  of  iron  be  washed  with  cold  water.  Of  this 
succinate,  well  dried  at  a  temperature  of  212^,  90  parts  correspond  to  40  of 
the  peroxide.  From  the  filtered  liquid  the  manganese  may  be  precipitated 
at  a  boiling  temperature  by  carbonate  t)f  soda,  and  its  quantity  determined 
in  the  way  above  mentioned.  The  benzoate  may  be  substituted  for  succinate 
of  ammonia  in  the  preceding  process. 

It  may  be  stated  as  a  general  rule,  that  whenever  it  is  intended  to  preci- 
pitate iron  by  means  of  the  alkalies,  the  succinates,  or  benzoates,  it  is  es- 
sential that  this  metal  be  in  the  maximum  of  oxidation.  It  is  easily  brought 
into  this  state  by  digestion  with  a  little  nitric  acid. 

Separation  of  Manganese  from  Lime  and  Magnena, — If  the  quantity  of 
the  former  be  proportionally  small,  it  is  precipitated  as  a  sulphuret  by  hy- 
drosulphate  of  ammonia  or  sulphuret  of  potassium.  The  sulphuret  is  then 
dissolved  in  hydrochloric  acid,  and  the  manganese  thrown  down  as  usual 
by  means  of  an  alkali.  But  if  the  manganese  be  the  chief  ingredient, 
the  best  method  is  to. precipitate  it  at  once,  together  with  the  two  earths, 
by  a  fixed  alkaline  carbonate  at  a  boiling  temperature.  The  precipi- 
tate,  after  being  exposed  to  a  low  red  heat  and  weighed,  is  put  into  cold 
water  acidulated  with  a  drop  or  two  of  nitric  acid,  when  the  lime  and  mag. 
nesia  will  be  slowly  dissolved  with  efifervescence.  Should  a  trace  of  the 
manganese  be  likewise  taken  up,  it  may  easily  be  thrown  down  by  hydro- 
sulphate  of  ammonia. 

Stroiiieyer  has  recommended  a  very  elegant  and  still  better  process  for  re- 
moving small  quantities  of  manganese  from  lime  and  magnesia.  The  solu- 
tion is  acidulated  with  nitric  or  hydrochloric  acid,  bicarbonate  of  soda  is  gra- 
dually  added  in  very  slight  excess,  stirring  afler  each  addition,  that  the  liquid 
may  be  charged  with  carbonic  acid,  and  a  solution  of  chlorine,  or  a  current 
of  the  gas,  is  introduced.  The  protoxide  of  manganese  is  converted  by  the 
chlorine  into  the  insoluble  hydratcd  peroxide,  while  any  traces  of  lime  or 
magnesia,  which  mifht  otherwise  fall,  are  retained  in  solution  by  means  of 
carbonic  acid.  A  solution  of  chloride  of  soda  or  lime  is  in  fact  our  most 
delicate  test  for  small  quantities  of  manganese. 

Mode  of  analyzing  an  Earthy  Miner^  eonlaining  Silica^  Iron^  Alumina, 
Manganese,  lAme^  and  Magnesia, — ^The  mineral,  reduced  to  fine  powder,  is 
ignited  with  three  or  four  times  its  weight  of  carbonate  of  potassa  or  soda, 
the  mass  is  taken  np  in  dilute  hydrochloric  acid,  and  the  silica  separated  in 
the  way  already  described.  To  the  solution,  tlius  freed  fVom  silica  and  duly 
acidulated,  carbonate  of  soda,  or  still  better  the  bicarbonate,  is  gradually 
added,  so  as  to  charge  the  liquid  with  carbonic  acid,  as  in  the  analysis  of 
iron  and  manganese.  In  this  manner  the  iron  and  aJamina  are  alone  pre- 
cipitated, subatancss  which  may  be  separated  from  each  other  by  means  of 
pure  potassa  (page  641).  The  manganese,  lime,  and  magnesia  may  then  be 
determined  by  the  processes  above  described. 

Analysis  if  Mineraia  containing  a  FHxed  ii(ft»Kw— When  the  object  is  to 
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determine  the  quantity  of  fixed  alkali,  such  as  potassa  or  soda,  it  is  of  coarse 
necessary  to  abstain  m>m  the  employment  of  these  tetLgealB  in  the  analysis 
itself;  and  the  beginner  will  do  well  to  devote  his  attention  to  the  alkaline 
ingredients  only.  On  this  supposition,  he  will  proceed  in  the  following  man- 
ner.  The  mineral  is  reduced  to  a  very  fine  powder,  mixed  intimately  with 
six  times  its  weight  of  artificial  carbonate  of  baryta,  and  ej^posed  for  an  hour 
to  a  white  heat  The  ignited  mass  is  dissolved  in  dilute  hydrochloric  acid, 
and  the  solution  evaporated  to  perfect  dryness.  The  soluble  parts  are  taken 
up  in  hot  water ;  an  excess  of  carbonate  of  ammonia  b  added ;  and  the  in- 
soluble matters,  consisting  of  silica,  carbonate  of  baryta,  and  all  the  consti^ 
tuents  of  the  mineral,  excepting  the  fixed  alkali,  are  collected  on  a  filter. 
The  clear  solution  is  evaporated  to  dryness  in  a  porcelain  capsule,  and  the 
dry  mass  is  heated  to  redness  in  a  crucible  of  platinum,  in  order  to  expel  the 
safts  of  ammonia.    The  residue  is  chloride  of  potassium  or  sodium. 

In  this  analysis,  it  generally  happens  that  traces  of  manganese,  and  some- 
times of  iron,  escape  precipitation  in  the  first  part  of  the  process;  and,  in 
that  case,  they  should  be  thrown  down  by  hydrosulphate  of  ammonia.  If 
neither  Ume  nor  magnesia  is  present,  the  alumina,  iron,  and  manganese  may 
be  separated  by  pure  ammonia,  and  the  baryta  subsequently  removed  by  the 
carbonate  of  that  alkali.  By  this  method  the  carbonate  of  baryta  is  reco- 
vered in  a  pure  state,  and  may  be  reserved  for  another  analysis.  The  baryta 
may  also  be  thrown  down  as  a  sulphate  by  sulphuric  acid,  in  which  case  the 
soda  or  potassa  is  procured  in  combination  with  that  acid;  but  this  mode  is 
objectionable,  because  the  sulphate  of  baryta  is  very  apt  to  retain  small 
quantities  of  sulphate  of  potassa. 

The  analysis  is  attended  with  considerable  inconvenience  when  magnesia 
happens  to  be  present;  because  this  earth  is  not  completely  precipitated  either 
by  ammonia  or  its  carbonate,  and,  therefore,  some  of  it  remains  with  the 
fixed  alkali.  The  best  mode  with  which  I  am  acquainted,  is  to  precipitate 
the  magnesia  by  phosphate  of  ammonia ;  subsequently  separating  from  the 
filtered  solution  the  excess  of  phosphoric  acid  by  acetate  of  lead,  and  that  of 
lead  by  hydrosulphnric  acid.  The  aeetate  of  the  alkali  is  tl)^  brought  to 
dryness,  ignited,  and  by  the  addition  of  sulphate  of  ammonia  converted  into 
a  sulphate. 

In  the  preceding  account,  several  operations  have  been  alluded  to,  which, 
from  their  importance,  deserve  more  particular  mention.  The  process  of 
filtering,  for  example,  is  one  on  which  the  success  of  analysis 
materially  depends.  Filtration  is  eflfected  by  means  of  a  glass 
funnel  B,  into  which  a  filter  C,  of  nearly  the  same  size  and  form, 
made  of  white  bibulous  paper,  ip  inserted.  For  researches  of  de- 
licacy, the  filter,  before  being  used,  is  macerated  for  a  day  or  two 
in  water  acidulated  with  nitric  acid,  in  order  to  dissolve  lime  and 
other  substances  contained  in  common  paper,  and  it  is  aflerwards 
washed  with  hot  water  till  every  trace  of  acid  is  removed.  It  is 
next  dried  at  212^,  or  any  fixed  temperature  insufiicient  to  de- 
compose  it,  and  then  carefully  weighed,  the  weight  being  marked  upon  it 
with  a  pencil.  As  dry  paper  absortei  hygrometric -moisture  rapidly  from  the 
atmosphere,  the  filter,  while  being  weighed,  should  be  inclosed  in  a  light  box 
made  for  the  purpose.  "When  a  precipitate  is  collected  on  a  filter,  it  is  wash-  ~ 
ed  with  pure  water  until  every  trace  of  the  original  liquid  is  removed.  It  is 
subsequently  dried  and  weighed  as  before,  and  the  weight  of  the  paper  sub- 
tracted from  the  combined  weight  of  the  filter  and  precipitate,  llie  trouble 
of  weighing  the  filter  may  sometimes  be  dispensed  with.  Some  substances, 
such  as  silica,  alumina,  and  lime,  which  are  not  decomposed  when  heated 
i^ith  combustible  matter,  may  be  put  into  a  crucible  while  yet  contained  in 
the  filter,  the  paper  being  set  on  fire  before  it  is  placed  in  thq  furnace.  In 
these  instances,  the  ash  from  the  paper,  the  average  weight  of  which  is  de- 
termined by  previous  experiments',  must  be  subtracted  from  the  weight  of 
tlie  heated  mass. 

The  tests  commonly  employed  in  ascertaining  the  acidity  or  alkalinity  of 
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liquids  are  litmoi  and  turmeric  paper.  The  former  la  made  by  digestion  lit- 
mus, reduced  to  a  fine  powder,  in  a  email  quantity  of  water,  and  painting- 
with  it  white  paper  which  is  free  from  alum.  Turmeric  paper  is  made  in  a 
similar  manner ;  but  the  most  convenient  test  of  alkalinity  is  litmus  paper 
reddened  by  a  dilute  acid. 


SECTION   III. 

ANALYSIS  OF  MINERAL  WATERS. 

Rain  water  collected  in  clean  vessels  in  the  country,  or  freshly  fallen  snow 
when  melted,  affords  the  purest  kind  of  water  which  can  be  procured  with- 
out having  recourse  to  distillation.  The  water  obtained  from  these  sources, 
however,  is  not  absolutely  pure,  but  contains  a  portion  of  carbonic  acid  and 
air,  absorbed  from  the  atmosphere.  It  is  remarkable  tliat  this  air  is  very 
rich  in  oxygen.  That  procured  from  snow  water  by  boiling  was  found  by 
Gay-Lus8ac  and  Humboldt  to  contain  34.8,  and  that  from  ram  water  32  per 
cent  of  oxyf^en  gas.  From  the  powerfully  solvent  properties  of  water,  tJiis 
fluid  no  sooner  reaches  the  ground  and  peroolatcs  through  the  soil,  than  it 
dissolves  some  of  the  substances  which  it  meets  with  in  its  passage.  Under 
common  circumstances  it  takes  up  so  small  a  quantity  of  foreign  matter,  that 
its  sensible  properties  are  not  materially  affected ;  and  in  this  state  it  gives 
rise  to  spring,  toell^  and  river  water.  Sometimes,  on  the  contrary,  it  be- 
comes so  strongly  impregnated  with  saline  and  other  substances,  that  it  ac- 
quires a  peculiar  flavour,  and  is  thus  rendered  unfit  for  domestic  uses.  It  is 
then  known  by  the  name  of  mineral  water* 

The  composition  of  spring  water  is  dependent  on  the  nature  of  the  soil 
through  which  it  flows.  If  it  has  filtered  through  primitive  strata,  such  as 
quartz  rock,  granite,  and  the  like,  it  is  in  general  very  pure;  but  if  it  meets 
with  liincstonc  or  gypsum  in  its  passage,  a  portion  of  these  salts  is  dissolved, 
find  communicates  the  property  called  hardness.  Hard  water  is  character- 
ized by  decomposing  soap,  the  lime  of  the  former  yielding  an  insoluble  com- 
pound with  the  margaric  and  oleic  acid  of  the  latter.  If  this  defect  is  owing 
to  the  presence  of  carbonate  of  lime,  it  is  easily  remedied  by  boiling,  when 
free  carbonic  acid  is  expelled,  and  the  insoluble  carbonate  of  lime  subsides. 
If  sulphate  of  lime  is  present,  the  addition  of  a  little  carbonate  of  soda,  by 
precipitating  the  lime,  converts  the  hard  into  sofl  water.  Besides  these  in- 
grcdient9,  the  chlorides  of  calcium  and  sodium  are  frequently  contained  in 
spring  water. 

Sprinj^  water,  in  consequence  of  its  saline  impregnation,  is  frequently  unfit 
for  chemical  purposes,  and  on  these  occasions  diMtilled  water  is  employed. 
Distillation  may  be  performed  on  a  small  scale  by  means  of  a  retort,  in  the 
body  of  wliich  water  is  made  to  boil,  while  the  condensed  vapour  is  received 
in  a  glass  flask,  called  a  recipient^  which  is  adapted  to  its  beak  or  open  ex- 
tremity. This  process  is  more  conveniently  conducted,  however,  by  means 
aC  a  still. 

The  different  kinds  of  mineral  water  may  be  conveniently  arranged  for 
the  purpose  of  description  in  the  six  divisions  of  acidulous,  alkaline^  chalybe- 
aUf  sulphuretted,  saliTie,  and  siliceous  springrs. 

1.  Acidulous  springs,of  which  llwse  of  Seltzer,  Spa,  Pyrmonl,  and  Carls- 
bad are  the  most  celebrated,  commonly  owe  their  acidity  to  the  presence  of 
free  carbonic  acid,  in  consequence  of  the  escape  of  which  they  sparkle  when 
poured  from  one  vessel  into  anotlier.  Such  carbonated  waters  communicate 
a  red  tint  to  litmus  paper  before,  but  not  after  being  boiled,  and  the  redness 
disappears  on  exposure  to  the  air.  Mixed  with  a  sufficient  quantity  of  lime- 
water,  they  become  turbid  from  the  deposition  of  carbanato  of  lifiae.    They 
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freqoentlj  contain  the  carbonates  of  lime,  niag:ne8ia,  and  protoxide  of  iron, 
in  consequenoe  of  the  facility  with  which  these  salts  are  dissolved  hj  water 
chargred  with  carbonic  acid. 

The  best  mode  of  determining  the  qoantitj-  of  carbonic  acid  is 
by  heating  a  portion  of  the  water  in  a  flask,  as  in  the  annexed 
figure,  and  receiyin|r  the  carbonic  acid,  by  means  of  a  bent  tube, 
in  a  graduated  jar  nlled  with  mercury. 

3.  Alkaline  wtxlern  are  such  as  contain  a  fVee  or  carbonated 
alkali,  and,  consequently,  either  in  their  natural  state  or  when 
concentrated  by  evaporation,  possess  an  alkaline  reaction. 

These  springs  are  rare,  llie  best  instance  I  have  met  with  is 
in  water  collected  at  the  Furnas,  St  M  ichaers,  Azores,  and  sent  to  the  Royal 
Society  of  Edinburgh  by  Lord  Napier.  These  springs  contain  carbonate  of 
soda  and  carbonic  acid,  and  are  almost  entirely  free  from  earthy  substances. 
Of  five  dififcrent  kinds  of.  these  waters  which  I  examined,  the  greater  part 
also  contained  protoxide  of  iron,  hydrosulphuric  acid,  and  chloride  of  sodium. 

3.  ChalybecUe  waters  are  characterized  by  a  strong  styptic,  inky  taste,  and 
by  striking  a  black  colour  with  the  infusion  of  gsll-nuts.  The  iron  is  some- 
times  combined  with  hydrochloric  or  sulphuric  acid ;  but  most  frequently  it 
is  in  the  form  of  protocarbonate,  held  in  solution  by  free  carbonic  acid.  On 
exposure  to  the  air,  the  protoxide  is  oxidized,  and  the  hydrated  peroxide  sub- 
sides, causing  the  ochreous  deposite  so  commonly  observed  in  the  vicinity  of 
chalybeate  springs. 

To  ascertain  the  quantity  of  iron  contained  in  a  mineral  water,  a  known 
weight  of  it  is  concentrated  by  evaporation,  and  the  iron  is  brought  to  the 
state  of  peroxide  by  means  of  nitric  acid,  'i'he  peroxide  is  then  precipi- 
tated by  an  alkali  and  weighed;  and  if  lime  and  magnesia  are  present,  it 
may  be  separated  fi'om  tliose  earths  by  the  process  described  in  the  last 
section. 

Chalybeate  waters  are  by  no  means  uncommon ;  but  the  most  noted  in 
Britain  are  those  of  Tunbridge,  Cheltenham,  and  Brighton.  The  Bath 
water  also  contains  a  small  quantity  of  iron. 

4.  Sulphuretted  waters,  of  which  the  springs  of  Aix-la-Chapelle,  Harrow- 
gate,  and  Moffat  afford  examples,  contain  hydrosulphuric  acid,  and  are  easily 
recognized  by  their  odour,  and  by  causing  a  brown  precipitate  with  a  salt  of 
lead  or  silver.  The  gas  is  readily  expelled  by  boiling,  and  its  quantity  may 
be  inferred  by  transmitting  it  throngh  a  solution  of  acetate  of  oxide  of  lead, 
and  weighing  the  sulphuret  which  is  generated. 

5.  Those  mineral  springs  are  called  saline,  the  character  of  which  is 
caused  by  saline  compounds.  The  salts  which  are  most  frequently  con- 
tained in  these  waters  are  the  sulphates  and  carbonates  of  lime,  magnesia, 
and  soda,  and  the  chlorides  of  calcium,  magnesium,  and  sodium.  Potassa 
sometimes  exists  in  them,  and  Bcrzelius  has  found  lithia  in  the  spring  of 
Carlsbad.  It  has  lately  been  discovered  that  the  presence  of  hydriodic  acid 
in  small  quantity  is  not  unfrequent.*  As  examples  of  saline  water  may  be 
enumerated  the  springs  of  Epsom,  Cheltenham,  Bath,  Bristol,  Bareges,  Bux- 
ton,  Pitcaithly,  and  Tocplitz. 

The  first  object  in  examining  a  saline  spring  is  to  determine  the  nature  of 
its  ingredients.  Hydrochloric  acid  is  detected  by  nitrate  of  oxide  of  silver, 
and  sulphuric  acid  by  chloride  of  barium ;  and  if  an  alkaline  carbonate  be 
present,  the  precipitate  occasioned  by  either  of  these  tests  will  contain  a  car- 
bonate of  oxide  of  silver  or  baryta.  The  presence  of  lime  and  magnesia  may 
be  discovered,  the  former  by  oxalate  of  ammonia,  and  the  latter  by  phos- 
phate of  ammonia.  Potassa  is  known  by  the  action  of  chloride  of  platinum 
(page  297).  To  detect  soda,  the  water  should  be  evaporated  to  dryness,  the 
deliquescent  salts  removed  by  alcohol,  and  the  matter  insoluble  in  that  men- 

*  The  salt  spring  at  Theodorshalle,  in  Germany,  contains  a  considerable 
quantity  of  brommc.    See  note,  page  233. — £(2. 
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■truam  taken  up  by  a  small  quantity  of  water,  and  allowed  to  crTitallize  by 
spontaneous  evaporation.  The  salt  of  soda  may  then  be  reoognized  by  the 
rich  yellow  colour  which  it  communicates  to  flame  (page  302).  If  the  pre- 
sence of  hydriodic  acid  be  suspected,  the  solution  is  brought  to  dryness,  the 
soluble  parts  dissolved  in  two  or  three  drachms  of  a  cold  solution  of  starch, 
and  strong  sulphuric  acid  gradually  added  (page  229). 

Having  thus  ascertained  the  nature  of  the  saline  ingredients,  their  quan- 
tity may  be  determined  by  evaporating  a  pint  of  water  to  dryness,  heating 
to  low  redness,  and  weighing  the  residue.  In  order  to  make  an  exact  ana- 
lysis, a  given  quantity  of  the  mineral  water  is  concentrated  in  an  evaporating- 
basin  as  far  as  can  be  done  without  causing  either  precipitation  or  crystal- 
lization, and  the  residual  liquid  is  divided  mto  two  equal  parts.  From  one 
portion  the  sulphuric  and  carbonic  acids  are  thrown  down  by  nitrate  of  ba- 
ryta, and  after  collecting  the  precipitate  on  a  filter,  the  hydrochloric  acid  is 
precipitated  by  nitrate  of  oxide  of  silver.  The  mixed  sulphate  and  carbo- 
nate is  exposed  to  a  low  red  heat,  and  weighed ;  and  the  latter  is  then  dis- 
solved bv  dilute  hydrochloric  acid,  and  its  quantity  determined  by  weighing* 
the  sulphate.  The  ohloridQ  of  silver,  of  which  143.42  parts  correspond  to 
36.42  of  hydrochloric  acid,  is  fused  in  a  platinum  spoon  or  crucible,  in  order 
to  render  it  quite  free  from  moisture.  To  the  other  half  of  the  ot»ncentrated 
.  mineral  water,  oxalate  of  ammonia  is  added  for  the  purpose  of  precipitating 
tlie  lime ;  and  the  magnesia  is  afterwards  thrown  down  as  the  ammoniaco- 
phosphate,  by  means  of  ammonia  and  phosphoric  acid.  Having  thus  deter- 
mined the  weight  of  each  of  the  fixed  ingredients  excepting  Uio  soda,  the 
loss  of  course  gives  the  quantity  of  that  alkali;  or  it  may  be  procured  in  a 
separate  state  by  the  process  described  in  the  foregoing  section. 

The  individual  constituents  of  the  water  being  known,  it  remains  to  de- 
termine the  state  in  which  they  were  originally  combined.  In  a  mineral 
water  containing  sulphuric  and  hydrochloric  acids,  lime,  and  soda,  it  is  ob- 
vious that  three  cases  are  possible.  The  Fiquid  may  contain  sulphate  of  lime 
and  chloride  of  sodium,  or  chloride  of  calcium  and  sulphate  of  soda ;  or  each 
acid  may  be  distributed  between  both  the  bases.  It  was  at  one  time  sup- 
posed  that  the  lime  must  be  in  combination  with  sulphuric  acid,  because  the 
sulphate  of  that  earth  is  left  when  the  water  is  evaporated  to  dryness.  This, 
however,  by  no  means  follows.  In  whatever  state  the  lime  may  exist  in  the 
original  spring,  gypsum  will  be  generated  as  soon  as  the  concentration 
reaches  that  degree  at  which  sulphate  of  lime  cannot  be  held  in  solution. 
The  late  Dr.  Murray,  who  treated  this  question  with  much  sa^city,  ob- 
serves that  some  mineral  waters,  which  contain  the  four  principles  above 
mentioned,  possess  higher  medicinal  virtues  than  can  be  justly  ascribed  to 
the  presence  of  sulphate  of  lime.  He  advances  the  opinion  that  alkaline 
bases  are  united  in  mineral  waters  with  those  acids  with  which  they  form 
the  most  soluble  compounds,  and  that  the  insoluble  salts  obtained  by  evapo- 
ration are  merely  products.  He,  therefore,  proposes  to  arrange  the  sub- 
stances determined  by  analysis  according  to  this  supposition.  (Bkltn.  PhiL 
Trans,  vii.)  To  tliis  practice  there  is  no  objection ;  bnt  it  is  probable  that 
each  acid  is  rather  distributed  between  several  bases  than  combined  exclu- 
sively with  either  (page  129). 

Sea- water  may  be  regarded  as  one  of  the  saline  mineral  watprs.  Its  taste 
is  disagreeably  bitter  and  saline,  and  its  fixed  constituents  amount  to  about 
three  percent  Its  specific  gravity  varies  from  1.0269  to  1.0285;  and  it 
freezes  at  about  28.5^  F.  According  to  the  analysis  of  Dr.  Murray,  10,000 
parts  of  water  from  the  Frith  of  Forth  contain  220.01  parts  of  common  salt, 
33.16  of  sulphate  of  soda,  42.08  of  muriate  of  magnesia,  and  7.84  of  muriate 
of  lime.  VVollaston  detected  potassa  in  sea-water,  which  likewise  contains 
small  qnantities  of  hydriodic  and  hydrobromic  acids. 

The  water  of  the  Dead  Sea  has  a  far  stronger  saline  impregnation  than 
sea.water,  containing  one-fourth  of  its  weight  of  solid  matter.  It  has  a  tie- 
ouliarly  bitter,  saline,  and  pungent  taste*  and  its  specific  gravity  is  1.311. 
According  to  the  analysis  of  Marcet,  100  ports  of  it  are  compoeed  of  mu- 
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riate  of  oiaffnesia  10JM6,  muriate  of  loda  10^6,  muriate  of  lime  3^3,  and 
sulphate  of  lime  0.054  In  the  river  Jordan,  which  flows  into  the  Dead  Sea, 
Marcet  discovered  the  same  principles  as  in  the  lake  itself. 

6.  SSlieeou9  tDotert  are  very  rare,  and  in  those  hitherto  discovered,  the 
silica  appears  to  have  been  dissolved  by  means  of  soda.  The  most  remark- 
able of  these  are  the  boiling  springs  of  the  Geyser  and  Rykum  in  Iceland,  a 
gallon  of  which,  according  to  the  analysis  of  Black,  contains  the  following 
substances :  (Edinburgh  rhiloe.  Trans.  iiL  95.) 

Soda     . 

Alumina 

Silica     . 

Muriate  of  soda 

Sulphate  of  soda 

The  hot  springs  of  Pinnarkoon  and  Loorgootha  in  India  are  analogous  to 
the  foregoing.  A  gallon  of  the  water  yields  about  24  grains  of  solid  matter ; 
and  the  saline  contents,  sent  to  Dr.  Brewster  by  Mr.  P.  Breton,  I  found  to 
contain  21.5  per  cent  of  silica,  19  of  chloride  of  sodium,  19  of  sulphate  of 
soda,  19  of  carbonate  of  soda,  pure  soda  5,  and  15.5  of  water.  (Edinburgh 
Journal  of  Science,  Na  xvii.  p.  97.) 

It  is  remarkable  that  nitrogen  gas  very  generally  occurs  in  hot  springs.  It 
was  found  by  Longchamp  in  various  hot  springs  of  France,  and  a  similar 
observation  has  been  made  by  Dr.  Daubeny.  Its  probable  source  is  clearly 
referable  to  atmospheric  air  contained  in  water,  which  air  has  been  deprived 
of  its  oxygen  by  chemical  changes  in  the  interior  of  the  earth. 


Geyser. 

Rykum. 

5.56 

3 

2.8 

0J29 

31.5 

21.83 

1442 

16.96 

a57 

7.53 
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stunting  the  CmpoiUion  of  several  of  ike  Pnncipal  mneral  Wolero. 
{From  Dr.  Hemy't  ElanenU,) 

[N,B.  Tlie  temperature,  when  not  exprewed,  is  to  be  understood  to  be 
490  or  50°  Fahrenheit] 


L  Cabbo»at*d  Watim. 


Sbltzxe.    Bergnann. 

In  eaeb  wine  pint. 

Carbonic  acid    ....  17  cub.  in. 


SpeciBc  gravity  1.0027. 
Carbonate  of  aoda  .... 
....I.—  of  magnesia    .    . 

- —  d'lime  .    .    .    . 
Chloride  of  sodium     .    .  - . 


4  grs. 
5 
3 
17 


Cajilsbad.  (Temperature  165**  F.) 
Berzetius. 


5  cub.  in. 


In  a  wine  pint. 
Carbonic  acid    .... 

In  1000  parts  by  weight. 
Sulphate  of  soda    .    .    2.58714  grs. 
Carbonate  of  soda  . 
Chlonde  of  sodium 
Carbonate  of  lime  . 
Fluate  of  do.     .    < 
Phosphate  of  do.    . 
Carbonate  of  strontia 
of  magnesia 


1.25200 
1.04893 
0.31219 
0.00331 
0.00019 
0.00097 
0.18221 
0.00034 
0.00424 

of  manfranese,atraoe 

SiUca   ......    0.07504 

5.46656 


Phosphate  of  alumina 
Caibonate  of  iron . 


Sfa.    Bergmann. ' 

Specific  gravity  1.0010. 

In  each  wine  pint. 


Carbonic  acid  .    .    .    . 

Carbonate  of  soda     .    . 

of  magnesia 

of  lime 


Chloride  of  sodium 
Oxide  of  iron  .    . 


13  cub.  in. 

1.5  grs. 

4J^ 

1.5 

Oi) 

0.6 


8.3 


Ptrmont.    Bergmann. 

Specific  gravity  1.0024. 

In  each  wine  pint. 

Carbonic  acid    ....  26  cub.  in. 


Carbonate  of  magnesia 
of  lime 


Sulphate  of  magnesia 
of  lime     .    . 


Chloride  of  sodium 
Oxide  of  iron     .    . 


10  grs. 
4i» 
5.5 
8.5 
1.5 
0.6 


30.6 


P0UGIC8.    Hassenfratz. 

In  each  wine  pint. 

Carbonic  acid    ....  30  cub.  in. 


Carbonate  of  soda  .    . 

of  magnesia 

of  lime  .    . 


Chloride  of  sodium  . 
Oxide  of  iron  .  .  . 
SiUca 0.5 


10     grs. 

1.2 
12 

2i2 

2.5  . 
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U.  Sqlphcbstteo  Watcbs. 


Aiz-la-Chafxlle.    Bergrmaim. 

Temperature  143<'. 

In  each  wine  pint. 

Sulphuretted  hydrogen  .  5.5  cub.  in. 


Carbonate  of  soda . 
of  lime  . 


Muriate  of  soda 


la      grs. 
4.75 
5 

2L75 


Cbzltknbam,  Sulphur  Spring. 

Brande  and  Parkes. 

Specific  gravity  1.0085. 

'    In  each  wine  pint. 

Carbonic  acid  «    .    .    .1.5  cub.  in. 

Sulphuretted  hydrogen  .  3.5 


Sulphate  of  soda 

of  magnesia 

of  lime     . 

Muriate  of  soda 
Oxide  of  iron     .    . 


S3.5  grs. 

\Sl 
35 
0.3 


Leamington,  Sulphur  Water. 

Scudamore. 

Specific  gravity  1.0042. 

Sulphuretted  hydrogen,  quantity  not 

ascertained. 

In  each  pint. 
Muriate  of  soda     . 

of  lime     .    , 

of  magnesia 


Sulphate  of  soda 
Oxide  of  iron    . 


15      grs. 

7.96 

3.30 
11.60 
a  trace 


37.86 


MofTAT.    Gramet 

Nitrogen 0.5  cob.  in. 

Carbonic  acid  ....    0.6 
Sulphuretted  hydrogen  .    1.3 


Muriate  of  soda 


4.5  grs. 


Harroxtgate  Water. 

New  WtU^  Hi  iht  Croum  Inn, 

(West.  Quart  Joum.  xv.  82.) 

Specific  gravity  1.01286  at  69° 

One  wine  gallon  contains 

Sulphuretted  hydrogen    6.4   cub.  in. 

Carbonic  acid    .    .     .    5J35 

Azote 6.5 

Carburetted  hydrogen     4.65 


Also, 
Muriate  of  soda  .     . 

~  of  lime  .    . 

— of  magnesia 

Bicarbonate  of  soda 


22.8 


735 
71.5 
43 
14.75 

864i25 


grs. 


Old  WeU, 
Sp.  gr.  1.01324  at  60^. 
Sulphuretted  hydrogen  14      cub.  in. 
Carbonic  acid  .    .    .      4.25 
Azotic  gas    ....      8 
Carburetted  hydrogen      4.15 


30.4 

.  752       grs. 
.      65.75 
.      29.2 
.      12.8 


Also, 
Muriate  of  soda  .    . 

of  lime  .     . 

of  magnesia 

Bicarbonate  of  soda 


859.75 


III.  Saline  Waters. 


Seidutz.    Bergmann. 

Specific  gravity  1.0060. 
in  a  pint. 
CUrbonate  of  magnesia 
— — —  of  lime  .    . 


Sulphate  of  magnesia . 

of  lime     .    . 

Muriate  of  magnesia  . 


3.5  gro. 
0.8 
180 
5 
45 


193.8 


Cheltenham,  pure  saline. 
Parkes  and  Brande. 


In  each  pint. 

Sulphate  of  soda     .    . 

of  magnesia  . 

of  lime     .    . 


Muriate  of  soda 


55 


15 
11 
4.5 
50 

lois 


grs. 
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coMPosmoH  or  MuneiuL  -wxtrks^ 


LiAiOMaToii,  nline.    Scndamore. 
5  gnYitf  1.0119. 
In  a  iiiat. 


Muriate  of  soda 
— i^—  of  lime  .  . 
i— i^—  of  magntaia 
Sulphate  of  aoda  .  . 
OxSjeof  iron    .    .    . 


53.75  gn. 
28.64 
20.16 
7.83 
a  trace 

110.38 


Lkaximstor,  Lord  AjleBftrd*s  Spring. 

Scndamore. 

Specific  graTity  1.0093. 

In  a  pint. 

Mariate  of  aoda    .    .    .    12.25  gn. 

of  lime     .    .    .    28j24 

—— —  of  magnesia  5.22 

Sulphate  of  soda   .    .    .    32.96 
Oxide  of  iron    ....    a  trace 

78.67 


Bristol.    Carrick. 

Temp.  74^.    Sp.  gravity  1.00077, 

lo  each  pint. 

Carbonic  acid      ...    3.5  cub.  in. 


Carbonate  of  lime  . 
Sulpiiate  of  soda  .  . 
— —  of  lime  .  . 
Muriate  of  soda  .  . 
— -^  of  magnesia 


1.5  firrs. 

1.5* 

1.5 

0.5 

1 


Bath.    Phillips. 
Temp.  109^  to  117^.    Sp.  gr.  1.002. 

la  each  piau 
Carbonic  acid      .    .    .    1J3  cub.  in. 

Carbonate  of  Uae    .    .    .  0.8  grs. 

Solphate  of  soda  ....  1.4 

■  ■  of  lime  ....  9.3 

Mariate  of  soda  ....  3.4 

SUioa OS 

Oxide  of  iron atraoe 

15J 


Bath.    Solid  ^eonteols. 
Scndamofe. 


Mariate  of  lime  .  . 
—  of  magneaia 
Solphate  of  lime 
of 


Silica 

Oxide  of  iron   .... 

Loss,  partly  carb.  of  aoda 


1.2  gn. 

1.6  * 

9.5 

0.9 

OS 

OJ01985 

0.58015 


14 

Mr.  Cuff  has  found  both  poCaaaa  and 
iodine  in  the  Bath  waters. 


Button.    Scndamore. 

Sp.  gr.  at  60°  1.0006.    Temp.  82=. 

In  a  wine  gaUon. 

Carbonic  acid    ...    1.5    cob.  in. 
Nitrogen 4.64 


Muriate  of  magnesia 
of  soda  .    . 


Sulphate  of  lime 

Carbonate  of  lime  .    .     . 

Extractive  and  vegetable  {    f^^fk 

matter      .    .    .    .    (    "-^ 

Loss 0.53 


0.58  grs. 
2.40 
0.60 
10.40 


15 

Or,  according  to  Dr.  Marray*8  views. 


Sulphate  of  soda 
Muriate  of  lime 
— ^— —  of  soda  .    . 
— ^  of  magnesia 
Carbonate  of  lime  . 
Extract  and  loss 


0.63  grs. 
0^7 
1.80 
0.58 
10.40 
1.02 

15 


Matlock  Batb.    Scodamore. 

Temp.  680.    Sp^  gr.  1.U003. 

Free  carbonic  acid. 

Mnriates  and  i  magnesia,  lijne,  and 

solphatesof^  soda? 

in  very  minote  qmntitieB  not  yet  as- 

certeined. 
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IV.  ChaIiTbeats  Waters. 


TuMBRiDGB.    Scadamore. 

Specific  grmij  1.0007. 

In  each  gallon. 


Muriate  of  soda 
— — — —  of  lime  .    . 
— —  of  ma^rneaia 
Sulphate  of  lime 
Carbonate  of  lime  . 
Oxide  of  iron     .    . 


2.46  flT8. 

0.39 

0.29 

1.41 

OSil 

2i22 


Brighton.    Marcet. 
Specific  gravity  1.00108. 


Traces  of  manganese,  ve-  >  q  ^ 


getaUe  fibre,  silica,  &c. 
Loss 


0.13 


7.61 

Cheltenilam.   Brande  and  Parkes. 
Specific  gravity  1.0092. 
In  a  pint. 
Carbonic  acid  ....    2.5  cub.  in. 


Carbonate  of  soda  . 
Sulphate  of  soda  .  . 
^— —  of  magnesia 

of  lime  .    . 

Muriate  of  soda  .  . 
Oxide  of  iron  .    .    . 


0.5  grs. 
22.7 

6 

2.5 
413 

0.8 


73.8 


Carbonic  acid  gas 

Sulphate  of  iron 
of  lime 


Muriate  of  soda 

of  magnesia 

Silica    ..... 
Loss      ..... 


2i  cub.  in. 

.  1.80  grs. 

.  409 

.  1.53 

.  0.75 

.  0.14 

.  0.19 


8.5 


Harrowgate,  Oddie's  Chalybeate. 

Scudamore. 

Specific  gravity  1.0053. 

In  each  gallon. 

Muriate  of  soda    .    .    .  300.4    grs. 

of  lime     . 

of  magnesia 


Sulphate  of  lime 
Carbonate  of  do.   .    .    . 

of  magnesia  . 

Oxide  of  iron    ... 
Residue,  chiefly  silica 


300.4 
22 
9.9 
1.86 
6.7 
0.8 
2.4 
4 

344.46 


APPENDIX. 


I  AM  indebted  to  Mr.  Graham  for  the  foUowiog^  interettio;  commoDicatioD 
on  certain  hydrated  aalta  and  perozideB,  and  on  phoaphurettod  hydrogen^ 

Various  cIoMea  of  salts,  besides  the  arseniates  and  phoapbates,  contain 
water  which  is  essential  to  their  constitution,  of  which  the  snlphates  of  mag- 
nesia, and  the  protozidn  of  zinc,  manganese,  iron,  copper,  nickel,  and  cobalt 
are  examples.  These  salts  crystallize  from  their  aqueous  solution  either  with 
seven  or  five  equivalents  of  water  (page  435),  one  of  which  is  in  a  state  of 
much  more  intimate  union  than  the  other  six  or  four.  Thus,  crystalirzed 
sulphate  of  ozide  of  zinc  loses  six  eq.  of  water  at  a  temperature  not  exceed- 
ing 65^  when  placed  over  sulphuric  acid  in  vacuo,  but  retains  one  eq.  of 
water  at  410^,  and  all  inferior  temperatures.  The  salt  may  be  viewed  as  a 
sulphate  of  oxide  of  zinc  and  water,  with  six  eq.  of  water  of  crystallizatioo; 

a  constitution  which  may  be  expressed  as  follows,  HZnS-^6H.  This  sul- 
phate of  zinc  may  be  made  anhydrous,  but  when  moistened  always  regains 
one  eq.  of  water,  slaking  with  the  evolution  of  heat  This  last  equivalent  of 
water  appears  to  discharge  a  basic  function  in  the  constitution  of  the  salt, 
and  affords  a  clue  to  the  t&sposition  of  this  sulphate  to  form  double  sulphates. 
Sulphate  of  oxide  of  zinc  combines  with  sulphate  of  potassa,  and  forms  a 
well-known  double  salt  (page  441),  in  which  the  basic  water  of  the  sulphate 
of  zinc  is  replaced  by  sulplute  of  potassa  without  any  farther  change.    The 

formula  of  the  double  sulphate  is  (KS)ZnS+6Ef.  In  the  double  salt,  the 
whole  six  eq.  of  water  are  retained  with  somewhat  greater  force  than  in  the 
simple  sulphate,  but  even  the  double  salt  becomes  anhydrous  below  212°  in 
vacuo. 

The  sulphates  of  the  other  metallic  oxides  mentioned  are  quite  analogous 
to  sulphate  of  oxide  of  zinc  in  their  habitudes  with  water,  although  the  par- 
ticular temperature  at  which  they  part  with  their  water  of  crystsilization  is 
different  in  each.  The  analogy  holds  also  in  the  double  sulphates  of  those 
oxides. 

Of  hydrous  sulphate  of  lime  or  gypsum,  the  two  eq.  of  water  which  it 
contains  appear  to  be  essential,  and  are  retained  at  212°.  At  a  temperature 
not  exceeding  270°,  this  salt  becomes  anhydrous,  but  retains  the  power  of 
reoombining  with  two  eq.  of  water  or  setting.  The  salt  is  then  in  a  peculiar 
condition.  Heated  above  300°  the  salt  becomes  properly  sulphate  of  lime, 
and  has  lost  the  disposition  to  combine  with  water. 

ficrzelius  found  tlie  peroxide  of  tin  formed  by  the  action  of  nitric  acid  on 
metallic  tin  to  6'ifpBT  in  certain  properties  from  the  same  compound  precipi- 
tated from  a  pcrsalt  of  tin  by  an  alkali,  and  distinguished  the  first  under  the 
name  of  the  nitric  acid  peroxide  of  tin.  Both  peroxides  combine  with  hydro- 
chloric acid,  but  the  hydrochlorate  of  the  nitric  acid  peroxide  is  peculiar  in 
bein^  insoluble  in  water  strongly  acidulated  with  hydrochloric  acid.  The 
precipitated  peroxide  of  tin  assumes  all  the  properties  of  the  other  modifica^ 
tion  when  kept  for  some  time  in  boiling  watsr,  or  even  when  strongly  dried 
over  sulphuric  acid  in  vacuo  at  the  ordinary  temperature  of  the  atmosphere. 
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The  two  BMMlidc&tioiifl  anf  merely  diflbrent  bydratet  of  the  peroiide  of  tin, 
but  ifie  difficult  to  asoertain  what  proportion  of  water  is  eewntial  to  eaeb. 
The  hydrates  combine  with  acids  and  &rm  two  seti  of  compounds ;  but  ab- 
solute peroxide  of  tin  itself  (which  is  obtained  by  heating  the  hydrated  per- 
oxide  to  redness)  has  no  disposition  to  combine  with  acids. 

Rose  has  shown  that  the  two  kinds  of  phoephuretted  hydrogen,  one  of 
which  is  spontaneously  inflammable  in  air,  and  the  other  not  so,  are  of  the 
same  composition  and  specific  gravity.  To  account  for  their  possessing  dif- 
ferent properties  recourse  is  had  to  the  doctrine  of  isomerism.  But  the  ob- 
servations of  Graham  indicate  t]ie  existence  of  a  peculiar  principle  in  the 
spontaneously  inflammable  species,  which  principle  may  be  withdrawn,  and 
leaves  the  gas  not  spontaneously  inflammable. 

1.  The  peculiar  principle  is  withdrawn  by  charcoal^  which  has  been  heated 
to  redness  and  cooled  under  mercury,  in  the  proportion  of  l-500dth  part  of 
the  volume  of  the  ^as,  with  a  contraction  of  not  more  than  1  per  cent,  the 
greater  part  of  which  is  duo  to  tlic  absorption  of  a  portion  of  the  gas  itself 
by  the  charcoal.  Baked  clay  has  a  similar  efibct  upon  the  gas.  The  pecu- 
liar principle  appears  to  bo  present  in  a  small,  almost  infinitesimal  propor- 
tion, and  cannot  be  separated  again  from  the  porous  absorbent  by  which  it 
has  been  taken  up. 

2.  The  vapours  of  essential  oils,  of  naphtha,  and  of  ether,  olefiant  gas, 
and  the  other  carburets  of  hydrogen,  destroy  the  peculiar  principle  in  a  short 
time,  or  prevent  its  action. 

3.  C!oncentrated  phosphorous  and  phosphoric  acids  withdraw  the  peculiar 
principle;  so  does  arsenic  acid,  but  the  last  quickly  reacts  on  the  phosphu- ' 
retted  hydrogen  itself.    A  little  air  destroys  the  inflammability  of  a  largo 
quantity  of  gas,  probably  from  the  phosphoric  acid  which  is  produced. 

4.  A  most  minute  quantity  of  potassium  or  of  the  amalgam  of  potassium 
destroys  the  spontaneous  inflammability  without  occasioning  any  reduction 
of  volume  that  could  be  measured.    Caustic  potassa  has  not  this  effect. 

The  property  of  taking  fire  spontaneously  in  air  may  be  communicated  to 
phosphurctted  hydrogen,  which  does  not  possess  it,  by  a  very  slight  impreg- 
nation of  nitrous  acid  vapour.  The  quantity  of  nitrous  acid  vapour  BhouTd 
not  much  exceed  1  measure  to  1000  measures  of  the  gas :  when  the  proper- 
tion  of  nitrous  acid  is  greater,  the  mixture  is  not  spontaneously  inflammable, 
but  becomes  so  on  diluting  it  with  phosphuretted  hydrogen.  The  gas  con- 
tinues spontaneously  inflammable  for  24  or  48  Iiours  over  water,  but  for  a 
shorter  period  when  kept  over  mercury.  Pure  nitric  oxide  impedes  the  oxi- 
dation  of  phoephuretted  hydrogen,  and  cannot  be  substituted  for  the  nitrous 
acid.  The  addition  of  nitrous  acid  to  the  phosphuretted  hydrogen  may  be 
made  in  various  ways.  Commercial  sulphuric  acid,  diluted  with  three 
volumes  of  water  and  cooled,  contains  nitrous  acid,  which  it  imparts  to 
phosphuretted  hydrogen  agitated  in  a  phial  alon^  with  it.  Hence,  too,  the 
hydrogen  gas  evolved  at  the  beginning  of  tlie  action  of  sulphuric  acid  upon 
zinc,  often  suffices  for  making  phosphuretted  hydrogen  InHammablc,  when 
added  to  the  extent  of  half  a  volume.  The  nitrous  acid  of  Dulong  may  be 
added  directly  to  phosphuretted  hydrogen  over  mercury  by  passing  it  up  in 
a  glass  spherule.  The  most  convenient  process,  however,  is  to  impregnate 
hydrogen  gas  first  with  nitrous  acid.  For  that  purpose,  to  a  three-ounce 
phial  «dd  a  drachm  of  nitric  acid  with  a  few  drops  of  the  nitrous  acid  of 
Dulong.  Fill  up  the  phial  with  water,  and  make  use  of  it  as  a  receiver  to 
collect  hydrogen  gas.  The  addition  to  phosphuretted  hydrogen -of  4th  or  j^th 
of  its  volume  of  this  nitrous  hydrogen,  does  not  disturb  the  transparency  of 
that  gas,  but  renders  it  highly  inflammable.  A  greater  proportion  of  the 
nitrons  hydrogen  is  generally  injurious. 

Now,  phosphuretted  hydrogen  made  ^nflammable  in  this  way  has  a  great 
analogy  to  the  gas  procured  at  first  inr  a  spontaneously  inflammable  state  by 
the  common  processes.  The  factitious  gas  is  deprived  of  its  spontaneous 
inflammability  by  porous  absorbents,  by  carburets  of  hydrogen,  by  amalgam 
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of  potassium,  but  not  by  phosphoric  acid.  Neither  fai  can  be  kept  over 
mercury  for  a  lonff  perioid  without  loeingwits  spoutaneoua  inflammabiUty. 

It  seems  probable,  from  the  action  of  potassium  and  the  carburets  of 
hydrogen  on  the  ordinary  spontaneously  inflammable  gas,  that  its  peculiar 
principle  is  an  oxygenated  body.    It  cannot  be  nitrous  acid,  but  it  may  be  a 

compound  of  phosphorus  and  oxygen,  iP»  analogous  to  nitroua  acid.    In  all 

the  reactions  by  which  the  spontaneously  inflammable  phosphuretted  hydro- 
gen is  produced,  we  have  the  formation  of  compounds  of  phoephorns  and 

oxygen,  such  as  hypophoephorous  and  phosphoric  acids.    The  compound  ^ 

is  hypothetic,  however,  and  has  not  been  formed  directly,  although  the  com- 
plete  analogy  between  phosphuretted  hydrogen  and  ammonia  affords  a  pre- 
sumptive argument  of  its  possible  existence. 

Nitrous^  or  rather  hyponitrous,  acid  has  a  disposition  to  unite  with  other 
acids.  It  majir,  therefore,  promote  the  oxidability  of  phosphuretted  hydrogen 
in  air,  by  uniting  with  the  resulting  acid  compound  of  phosphorus  and  ojcy- 
gcn;  but  this  is  a  mere  conjecture. 
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TABLE  I. 

TABLE  of  the  elattie  Force  of  Aqueoue  Vapour  at  different  Temperaturee^ 
expressed  in  Inches  of  Mercury, 


Temp. 
Fabr. 

Force  of  Vapour. 

Tkmp. 
Fahr. 

Force  of  Vapour. 

Temp. 
Fahr. 

Force  of  Vapour.    1 

Dalton. 

Ure. 

Dalton. 

Ure. 

Dalton. 

Ure. 

320 

0.200 

0.200 

79° 

0.971 

1260 

3.89 

33 

0.207 

80 

1.00 

1.010 

127 

4.00 

34 

0.214 

81 

1.04 

128 

4.11 

35 

0.221 

82 

1.07 

129 

4.22 

36 

0.229 

83 

1.10 

130 

4.34 

4  366 

37 

0.237 

84 

1.14 

131 

4.47 

38 

0.245 

85 

1.17 

1.170 

132 

4.60 

39 

0.254 

86 

1.21 

133 

4.73 

40 

0.263 

0.250 

87 

1.24 

134 

4.86 

41 

0.273 

88 

1.28 

135 

5.00 

5.070 

42 

0.283 

89 

1.32 

136 

5.14 

43 

0.294 

90 

1.36 

1.360 

137 

5.29 

44 

0.305 

91 

1.40 

138 

5.44 

45 

0.316 

92 

1.44 

139 

5.59 

46 

0.328 

93 

1.48 

140 

5.74 

5.770 

47 

04339 

94 

1.53 

141 

5.90 

48 

0.351 

95 

1.58 

1.640 

142 

6.05 

49 

0363 

96 

1.63 

143 

6.21 

50 

0.375 

0.360 

97 

1.68 

144 

6.37 

51 

0388 

98 

1.74 

145 

6.53 

6.600 

52 

0.401 

99 

1.80 

146 

6.70 

53 

0.415 

100 

1.86 

1.860 

147 

6.87 

54 

0.429 

101 

1.92 

148 

7.05 

55 

0.443 

0.416 

102 

1.98 

149 

7.23 

56 

0458 

103 

2.04 

150 

7.42 

7.530 

57 

0474 

104 

2.11 

151 

7.61 

58 

0-490 

105 

2.18 

2.100 

152 

7.81 

59 

0-507 

106 

2.25 

153 

8.01 

60 

0524 

0.516 

107 

2.32 

154 

8.20 

61 

0-542 

108 

2.39 

155 

8.40 

8.500 

62 

0560 

109 

2.46 

156 

8.60 

63 

0.578 

110 

2.53 

2.456 

157 

8.81 

64 

0.597 

111 

2.60 

158 

9.02 

65 

0616 

0.630 

112 

2.68 

159 

9,24 

66 

0-635 

113 

2.76 

160 

9.46 

9.600 

67 

0-655 

114 

2.84 

161 

9.68 

68 

0676 

115 

2.92 

2.820 

162 

9.91 

69 

0-698 

116 

3.00 

163 

10.15 

70 

0-721 

0.726 

117 

3.08 

* 

164 

1041 

71 

0.745 

118 

3.16 

165 

10.68 

10.800 

72 

0770 

119 

3.25 

166 

10.96 

73 

0.796 

120 

3.33 

2.300 

167 

11.25 

74 

0.823 

121 

3.42 

168 

11.54 

75 

0851 

0.860 

122 

3.50 

169 

11.83 

76 

0.880 

123 

3.59 

170 

12.13 

12.050 

77 

0.910 

124 

3.69 

171 

12.43 

78 

0.940 

125 

3.79 

3.830 

172 

12.73 
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Table  I.  continued. 

Temp. 
Fahr. 

Force  of  Vapour. 

1 

ITIMP. 

i  Fahr. 

1 

Force  of  Vapour. 

Tkmf. 

Fahr. 

Force  of  Vapour. 

Dalton. 

Urc. 

DalUm. 

Urc. 

Dalton. 

Ure. 

173° 

13.02 

2240 

37.53 

275° 

83.13 

93.480 

174 

13.32 

225 

38.20 

39.110 

276 

84.35 

175 

13  62 

13.550 

226 

38.89 

40.100 

277 

85.47 

97.800 

176 

13.92 

227 

39.59 

278 

86.50 

177 

14.22 

228 

40.30 

279 

87.63 

101.600 

178 

14.52 

229 

41.02 

280 

88.75 

101.900 

179' 

14.83 

230 

41-75 

43.100 

281 

89.87 

104.400 

180 

15.15 

15.160 

231 

42.49 

282 

90.99 

. 

181 

15.50 

232 

4324 

283 

92.11 

107,700 

182 

15.86 

233 

4400 

284 

93.23 

183 

16.23 

234 

44-78 

46  800 

285 

94.35 

112.200 

184 

16.61 

235 

4558 

47220 

286 

95.48 

185 

17.00 

16,900 

236 

4639 

287 

96.64 

114.800 

186 

17.40 

237 

47-20 

^ 

288 

97.80 

187 

17.80 

238 

48.02 

50.300 

289 

98.96 

118.200 

188 

18.20 

239 

48.84 

290 

100.12 

120.150 

189 

18.60 

240 

49.67 

51.700 

291 

101.28 

190 

19.00 

19.000 

241 

50.50 

292 

102.45 

123.100 

191 

19.42 

242 

51.34 

53.600 

293 

103.63 

192 

19.86 

243 

52.18 

294 

104.80 

126.700 

193 

20.32 

244 

53.03 

295 

105.97 

129.000 

194 

20.77 

245 

53.88 

56.340 

296 

107.14 

195 

21,22 

21.100 

246 

54.68 

297 

108.31 

133.900 

196 

21.68 

247 

55.54 

298 

109.48 

137.400 

197 

22.13 

248 

56.42 

60.400 

299 

110.64 

198 

22.69 

249 

57.31 

300 

111.81 

139.700 

199 

23.16 

250 

58.21 

61.900 

301 

112.98 

200 

23.64 

23.600 

251 

59.12 

63.500 

302 

114.15 

144.300 

201 

24.12 

252 

60.05 

303 

115.32 

147.700 

202 

24.61 

253 

61.00 

304 

116.50 

203 

25.10 

254 

61.92 

66.700 

305 

117.68 

150.560 

204 

25.61 

255 

62.85 

67.25 

306 

118.86 

154.400 

205 

26.13 

25J900^ 

256 

63.76 

307 

120.03 

206 

26.66 

257 

64.82 

69.800 

308 

121.20 

157.700 

207 

27.20 

258 

65.78 

309 

122.37 

208 

27.74 

259 

66.75 

310 

123.53 

161.300 

209 

28.29 

260 

67.73 

72.300 

311 

124.69 

164.800 

210 

28.84 

28.880 

261 

68.72 

312 

125.85 

167.000 

211 

29.41 

1 

262 

69  72 

75.900 

313 

127.00 

212 

30.00 

30.000 

263 

70.73 

314 

128.15 

213 

3060 

264 

7174 

77.900 

315 

129.29« 

214 

31.21 

265 

72.76 

78.040 

316 

130.43 

215 

31.83 

266 

73.77 

317 

13157 

216 

32.46 

33.400, 

267 

74.79 

81.900 

318 

132.72 

217 

33.09 

1 

268 

75.80 

319 

133.86 

218 

33.72 

1 

269 

76.82 

84.900 

320 

135.00 

219 

3435 

270 

77.85 

86.300 

321 

136.14 

220 

34.99 

35.540 

271 

78.89 

88.000 

322 

137.28 

221 

35.63 

36.700' 

272 

79.94 

323 

138.42 

222 

36.25 

273 

80.98 

91500 

324 

139.56 

223 

36.88               I 

274 

82.01 

325 

140.70 
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TABLE  II. 

Dr.  Ure'B  TABLE,  §howing  the  elaHie  Fwee  of  ike  Vapour§  of  AleiM, 
Ether,  OH  of  Tbrpenline,  and  Petroleum  or  NapMha,  at  different 
Temperatures,  expressed  in  Inches  of  Mercury. 


Ether. 

Alcohol  ip.  gr.  0.813. 

Alcohol  ap.  gr.  0.813 

Petroleum. 

Force  of 

Force  of 

Force  of 

Force  of 

Tempi 

Vapoar. 

Temp. 

Vapour. 

Temp. 

Vapour. 

Temp. 

Vapour. 

34° 

6.20 

320 

0.40 

193.3° 

46.60 

316° 

30.00 

44 

8.10 

40 

0.56 

196.3 

50.10 

320 

31.70 

54 

10.30 

45 

0.70 

200 

53.00 

325 

34.00 

64 

10.00 

50 

0.86 

206 

60.10 

330 

36.40 

74 

16.10 

55 

1.00 

210 

65.00 

335 

38.90 

84 

20.00 

60 

1.23 

214 

69.30 

340 

41.60 

94 

24.70 

65 

1.49 

216 

72.20 

345 

44.10 

104 

30.00 

70 

1.76 

220 

78.50 

350 

46.86 

105 

30.00 

75 

2.10 

225 

87.50 

355 

50.20 

110 

32,54 

80 

2.45 

230 

94.10 

360 

53.30 

115 

35.90 

85 

2.93 

232 

97.10 

365 

56.90 

120 

39.47 

90 

3.40 

236 

103.60 

370 

60.70 

125 

43.24 

95 

3.90 

238 

106.90 

372 

61.90 

130 
135 

47.14 
51.90 

100 
105 

4.50 
5.20 

240 
244 

111.24 
118.20 

275 

64.00 

140 

56.90 

110 

6.00 

247 

122.10 

Oil  of  Turpentine.  | 

145 

62.10 
67.60 

115 
120 

7.10 
8.10 

248 
249.7 

126.10 
131.40 

150 

Force  of 

155 

73.60 

125 

9.25 

250 

132.30 

Temp. 

Vapour. 

160 
165 

80.30 
86.40 

130 
135 

10.60 
12.15 

252 
254.3 

138.60 
143.70 

304° 

30.00 

iro 

92.80 

140 

13.90 

258.6 

151.60 

307.6 

32.60 

175 

99.10 

145 

15.95 

260 

155.20 

310 

33.50 

180 

108.30 

150 

18.00 

262 

161.40 

315 

35.20 

185 

116.10 

155 

20.30 

264 

166.10 

320 

37.06 

190 

124.80 

160 

22.60 

322 

37.80 

195 

133.70 

165 

25.40 

326 

40.20 

200 

142,80 

170 

28.30 

330 

42.10 

205 

151.30 

173 

30.00 

336 

45.00 

210 

166.00 

178.3 

33.50 

340 

47.30 

180 

34.73 

343 

49.40 

182.3 

36.40 

347 

51.70 

185.3 

39.90 

350 

53.80 

190 

43.20 

354 
357 
360 
362 

56.60 
58.70 
60.80 
62.40 
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TABLE  III. 

Dr.  Ure'B  TABLE  of  the  Quafrftty  tf  OU  of  Vitriol  of  9p,gr,  1.84d5,  and 
of  Ai^drouB  Jiid,  in  100  Parts  of  diutte  Sulfuric  Acidj  at  different 
benoitteo. 


Liquid. 

Sp.Gr. 

Dry. 

Liquid. 

Sp.Gr. 

Dry. 

Liquid. 

Sp.Gr. 

Dry. 

100 

1.8485 

81.54 

66 

1.5503 

53.82 

32 

1.2334 

26.09 

99 

1.8475 

80.72 

65 

1.5390 

53.00 

31 

1.2260 

25.28 

98 

1.8460 

79.90 

64 

1.5280 

52.18 

30 

1.2184 

24.46 

97 

1.8439 

79.09 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

96 

1.8410 

78.28 

62 

1.5066 

50.55 

28 

1.2032 

22.83 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94 

1.8336 

76.65 

60 

1.4860 

48.92 

26 

1.1876 

21.20 

93 

1.8290 

75.83 

59 

1.4760 

48.11 

25 

1.1792 

20.38 

92 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19.57 

91 

1.8179 

74.20 

57 

14560 

46.48 

23 

1.1626 

18,75 

90 

1.8115 

73J39 

56 

1.4460 

45.66 

22 

1.1549 

17.94 

89 

1.8043 

72.57 

55 

1.4360 

44  85 

21 

1.1480 

17.12 

88 

1.7962 

71.75 

54, 

1.4265 

44.03 

20 

1.1410 

16.31 

87- 

1.7870 

70.94 

53 

1.4170 

43.22 

19 

1.1330 

1549 

86 

1.7774 

70.12 

52 

1.4073 

42.40 

18 

1.1246 

14.68 

85 

1.7673 

69.31 

51 

1.3977 

41.58 

17 

1.1165 

13.86 

84 

1.7570 

68.49 

50 

1.3884 

40.77 

16 

1.1090  1 13.05 

83 

1.7465 

67.68 

49 

1.3788 

39.95 

15 

1.1019  ,  12.23 

82 

1.7360 

66.86 

48 

1.3697 

39.14 

14 

1.0953 

11.41 

81 

1.7245 

66,05 

47 

1.3612 

38J32 

13 

1.0887 

10.60 

80 

1.7120 

65.23 

46 

1.3530 

37.51 

12 

1.0809 

9.78 

79 

1.6993 

64.42 

45 

1.3440 

36.69 

11 

1.0743 

8.97 

78 

1.6870 

63.60 

44 

1.3345 

35.88 

10 

1.0682 

8.15 

77 

1.6750 

62.78 

43 

1^255 

35.06 

9 

1.0614 

7.34 

76 

1.6630 

61.97 

42 

1.3165 

34J25 

8 

1.0544 

6.52 

75 

1.6520 

61.15 

41 

1.3080 

33.43 

7 

1.0477 

5.71 

74 

1.6415 

60.34 

40 

1.2999 

32.61 

6 

1.0405 

4.89 

73 

1.6321 

59.52 

39 

1-2913 

31.80 

5 

1.0336 

4.08 

72 

1.6204 

58.71 

38 

1-2826 

30.98 

4 

1.0268 

3.26 

71 

1.6090 

57.89 

37 

1-2740 

30.17 

3 

1.0206 

2446 

70 

1.5975 

57.08 

36 

1-2654 

29.35 

2 

1.0140 

1.63 

69 

1.5868 

56i26 

35 

1-2572 

28.54 

1 

1.0074 

0.8154 

68 

1.5760 

55.45 

34 

1-2490 

27.72 

67 

1.5648 

54.63 

33 

1-2409 

26.91 
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TABLE  IV. 


Dt,  Ure*§  TABLE  of  the  Quantity  of  Real  or  AnMroiu  JNUrie  Acid  in 
100  ParU  of  liquid  Aeid^  at  different  Denntieo, 


Specific 

Real  Acid 

Specific 

Real  Acid 

Specific 

Real  Acid 

Oravily. 

in  100  parts 
ofthebquid. 

Gravity. 

in  100  parts 
of  tbe  liquid. 

Gravity. 

in  100  parts 
of  the  liquid. 

1^000 

79.700 

1.3783 

52.602 

1.1895 

26.301 

1.4980 

78.903 

1.3732 

51.805 

1.1833 

25.504 

1.4960 

78.106 

1.3681 

51.068 

1.1770 

24.707 

1.4940 

77.309 

1.3630 

50.211 

1.1709 

23.910 

1.4910 

76.512 

1.3579 

49414 

1.1648 

23.113 

1.4880 

75,715 

1.3529 

48.617 

1.1587 

22.316 

1.4850 

74.918 

1.3477 

47.820 

1.1526 

21.519 

1.4820 

74.121 

1.3427 

47.023 

1.1465 

20.722 

1.4790 

73.324 

1.3376 

46.226 

1.1403 

19.925 

1.4760 

72.527 

1.3323 

45.429 

1.1345 

19.128 

1.4730 

71.730 

1.S270 

44.632 

1.1286 

18.331 

1.4700 

70.933 

1.3216 

43.835 

1.1227 

17.534 

1.4670 

70.136 

1.3163 

43.038 

1.1168 

16.737 

1.4640 

69.339 

1.3110 

42.241 

1.1109 

15.940 

1.4600 

68.542 

1.3056 

41.444 

1.1051 

15.143 

1.4570 

67.745 

1.3001 

40.647 

1.0993 

14.346 

1.4530 

66.948 

1.2947 

39.850 

1.0935 

13.549 

1.4500 

66.155 

1.2887 

39.053 

1.0878 

12.752 

1.4460 

65.354 

1.2826 

38.256 

1.0821 

11.955 

1.4424 

64.557 

1.2765 

37.459 

1.0764 

11.158 

1.4385 

63.760 

1.2705 

36.662 

1,0708 

10.361 

1.4346 

62.963 

1.2644 

35.865 

1.0651 

9.564 

1.4306 

62.166 

12583 

35.068 

1.0595 

8.767 

1.4269 

61.369 

1.2523 

34.271 

1.0540 

7.970 

1.4228 

60.572 

1.2462 

33.474 

1.0485 

7.173 

1.4189 

59.775 

1.2402 

32.677 

1,0430 

6.376 

1.4147 

58.978 

1.2341 

31.880 

1.0375 

5.579 

14107 

58.181 

1.2277 

31.083 

1.0320 

4.782 

14065 

57.384 

1.2212 

30.286 

1.0367 

3.985 

14023 

56.587 

1.2148 

29.489 

1.0212 

3.188 

1.3978 

55.790 

1.2084 

28.692 

1.0159 

2.391 

1^945 

54.993 

1.2019 

27.895 

1.0106 

1.594 

1.3882 

54.196 

1.1958 

27.098 

1.0053 

0.797 

1.3833 

53.399 
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TABLE  V. 

TABLE  of  Lountz  §homng  the  Quantity  of  AUolmU  AUohol  in  Spirits  of 
different  Specijie  Oravitiee. 


100  Parts. 

Sp.  Gravity. 

100  ParU. 

Sp,  Gravity. 

100  Parts. 

Sp.  Gravity.  1 

Ale. 

Wat. 

At68o. 

Ateoo. 

Ate. 

Wat. 

At68o. 

Ateoo. 

Ak. 

Wat. 

At68o. 

Ateoo. 
0.965 

100 

0 

0.791 

0.796 

66 

34 

a877 

0.881 

32 

68 

0.952 

99 

1 

0.794 

0.798 

66 

86 

0.880 

0.883 

31 

69 

0.954 

0.967 

98 

2 

0.797 

0.801 

64 

36 

0.882 

0.886 

30 

70 

0.966 

0.958 

97 

3 

0.800 

0.804 

63 

37 

0.885 

0.889 

29 

71 

0.957 

0.960 

96 

4 

0.803 

0.807 

62 

38 

0.887 

0.891 

28 

72 

0.959 

0.962 

95 

6 

0.805 

0.809 

61 

39 

0.889 

0.893 

27 

73 

0.961 

0.963 

94 

6 

0.808 

0.812 

60 

40 

0.892 

0.896 

26 

74 

0.963 

0.965 

93 

7 

0.811 

0.815 

59 

41 

0.894 

0.898 

25 

75 

0.965 

0.967 

92 

8 

0.813 

0.817 

58 

42 

0.896 

0.900 

24 

76 

0.966 

0.968 

91 

9 

0.816 

0.820 

67 

43 

0.899 

0.902 

23 

77 

0.968 

0.970 

90 

10 

0.818 

0.822 

56 

44 

0.901 

0.904 

22 

78 

0.970 

0.972 

89 

11 

0.821 

0.825 

55 

46 

0.903 

0.906 

21 

79 

0.971 

0.973 

88 

12 

0.823 

0.827 

54 

46 

0.905 

0.908 

20 

80 

0.973 

0.974 

87 

13 

0.826 

0.830 

53 

47 

0.907 

0910 

19 

81 

0.974 

0.975 

86 

14 

0.828 

0.832 

52 

48 

0.909 

0.912 

18 

82 

0.976 

0.977 

86 

84 

15 

0.831 

0.836 

51 

49 

0.912 

0.915 

17 

83 

0.977 

0.978 

16 

0.834 

0.838 

60 

50 

0.914 

0.917 

16 

84 

0.978 

0.979 

83 

17 

0.836 

0.840 

49 

51 

0.917 

0.920 

15 

85 

0.980 

0.981 

82 

18 

0.839 

0.843 

48 

62 

0.919 

0.922 

14 

86 

0.981 

0.982 

81 

19 

0.842 

0.846 

47 

53 

0.921 

0.924 

13 

87 

0.983 

0.984 

80 

20 

0.844 

0.848 

46 

54 

0.923 

0.926 

12 

88 

0.985 

0986 

79 

21 

0.847 

0.851 

45 

55 

0.925 

0.928 

11 

89 

0.986 

0.987 

78 

22 

0.849 

0.853 

44 

56 

0.927 

0.930 

10 

90 

0.987 

0.968 

77 

23 

0.851 

0.855 

43 

57 

0.930 

0.933 

9 

91 

0.988 

0.989 

76 

24 

0853 

0.857 

42 

58 

0.932 

0.93o 

8 

92 

0.989 

0.990 

76 

26 

0.856 

0.860 

41 

59 

0.934 

0.937 

7 

93 

0.991 

0.991 

74 

26 

0.859 

0.863 

40- 

60 

0.936 

0.939 

6 

94 

0.992 

0.992 

73 

27 

0861 

0.865 

39 

61 

0.938 

0.941 

5 

95 

0.994 

72 

28 

0.863 

0.867 

38 

62 

0.940 

0943 

4 

96 

0.995 

71 

29 

0.8<k> 

0.870 

37 

63 

0942 

0.946 

3 

97 

0.997 

70 

30 

0.868 

0.872 

36 

64 

0.944 

0.947 

2 

98 

0.998 

60 

31 

0.870 

0.874 

36 

65 

0.946 

0.949 

1 

99 

0.999 

68 

32 

0.872 

0.875 

34 

66 

0.948 

0.951 

0 

100 

1.000 

67 

33 

0.875 

0.879 

33 

67  0.950 

0.953 
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TABLE  VI. 

TABLE  ihomng  tke  Specific  Cfravity  ef  lAquide^  M  the  Thnperature  of 
55®  fkikr.  conupmding  to  C^  iScgreeo  of  Baum^9  Hydrometer, 

For  liquids  lighter  th«ii  Water. 


Beg.    BpuOr. 

D«i. 

Bp,Ou 

Deg.      B|kGr. 

Dsg.     ap.Gr. 

Deg.     Sp.6r. 

10.1  1.000 

17  s 

^   J^ 

28»    .909 

29 »    .874 

85«    JM2 

11        .990 

18 

.942 

24        .903 

30        .867 

86        .887 

12        .985 

19 

.935 

25        .897 

31         .861 

87        .832 

18        .977 

2 

.928 

26         .892 

32        S66 

88        .627 

14        4^0 

21 

.922 

27        .886 

88        .862 

89        .622 

15         .968 

22 

.915 

28         .880 

34        J47 

40        .617 

16        M6 

For  Liquids  heavier  than  Water. 

Def.    ipLOr. 

ivw. 

Sp.Gr. 

Deg.     fip.6r. 

Deg.     BpiGr. 

Deg.    ap.Gr. 

0=  1.000 

16  a 

=  1.114 

30  „  1.261 

45  «  1.465 

«)=  1.717 

8  '    1.020 

18 

1.140 

83       1.295 

46       1.5(K) 

63      1.779 

6       1.040 

21 

1.170 

36       1.333 

51       1.547 

66      1.848 

9       1064 

24 

1.200 

39       1.878 

54       1.594 

69      1.920 

12       1.069 

27 

1.280 

42      1.414 

57       1.659 

72      2.000 

MerceptafL — ^Professor  Zeise  of  Copenhagen  has  made  some  interesting 
researches  on  a  liquid  of  an  ethereal  character,  which  he  terms  mercaptan, 
from  iti  energetic  action  on  peroxide  of  mercurjr  (corpus  mereurium  cap^ 
tofis).  When  sulphovinate  or  baryta  is  distilled  with  a  strong  solution  of 
protosulphuret  of  barium,  a  volatile  liquid  along  with  water  passes  over,  and 
sulphate  of  baryta  remains  in  the  retort,  there  being  no  other  residue  when 
the  ioffredients  are  in  atomic  proportion.  The  etboreal  product,  wjiich  is 
formed  on  the  surfiice  of  water,  consists  of  two  compounds,  separable  by  care- 
fol  distiUatton,  one  termed  ilMic  ether  (6 nor  sulphur),  and  the  other  mercan- 
tan.  The  latter  is  generated  in  still  larger  quantity  by  the  action  of  a  sm- 
|fhovinate  with  bisulphuret  of  barium,  or  with  hydro-sulphuret  of  barium 
(page  471) ;  but  in  no  case  is  the  theory  of  its  £>rmation  complete,  owing  to 
the  simultaneous  production  of  thialic  ether,  the  compoeitioa  of  which  is  not 
yet  known. 

Mercaptan,  to  judge  of  the  facts  yet  ascertained,  consists  of  hydrogen 
united  with  a  compound  inflammable  substance,  not  hitherto  obtained  in  a 
separate  state,  which  Zeise  calls  mercaptum  (corpus  mereurio  aptum)  f^om 
its  strong  affinity  for  mercury.  Like  cyanogen,  or  bisulphuret  of  cyanogen, 
it  combines  with  metals,  hydrogen,  and  doubtless  other  dementi ;  and  these 
compounds  are  called  mereaptidea  or  fnerc<mturtte,  Mercaptan  is  a  mercap- 
turet  of  hydrogen.    Mercaptum  consists  or 


Sulphur 
Carbon    . 
Hydrogen 


4C 
5H 


C4H»8« 


Mercaptan  consists  of  one  eq.  of  mercaptum  and  one  eq.  of  hydrogen,  its 
symbol  being  H-fO^HaS*.    When  acted  on  by  potassium,  hydrogen  i 
evolved,  and  mercapturet  of  potassium  is  fimned.  With  the  ] 

56 
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eory  it  actf  Tiolently,  yielding  water  and  a  white  cryatalline  solid,  Umer- 
capiuret  of  mercury,  which  may  be  deoompoaed  by  bydroeulphuric  acid, 
and  then  yields  biaolpharet  of  mercury  and  mercaptan.  In  fact,  mercaptom 
and  mercaptan  are  related  to  each  other,  and  apparently  to  many  other 
bodies,  like  cyanogen  and  hydrocyanic  acid. 

Pore  mercaptan  is  best  prepared  by  decomposing  bimercapturet  of  mer- 
cury with  hydrosulphuric  acid.  It  is  a  colourless  Rquid,  of  a  highly  pene- 
trating odour,  analogous  to  assaicetida  and  garlic,  and  of  an  ether^  saccha- 
rine taste.  It  retams  its  liquid  form  at  — 8^,  boils  at  143^°,  and  has  a 
specific  myity  at  59^  of  0.642.  It  is  neutral  to  test-psper,  dissolves  in  ether 
and  alcohol  almost  in  all  proportions,  but  is  sparingly  soloble  in  water  (An. 
de  Ch.etdeFh.lv.  87). 

AfeUon.— When  bisulphuret  of  cyanogen,  quite  dry,  is  heated,  a  quantity 
of  sulphur  and  bisulphuret  of  carbon  are  developed  and  expelled ;  while  a 
lemon-yellow  powder  remains,  composed  of  six  eq.  of  carbon  and  four  eq.  of 
nitrogen.  It  bears  a  red  heat  without  change,  but  at  higher  temperatures 
is  resolved  into- pure  cyanogen  and  nitrogen  gases.  It  unites  directly  with 
chlorine  and  potassium  when  heated  with  them,  and  in  its  chemicid  rela- 
tions appears  to  belong  to  the  same  class  of  bodies  as  cyano|[en.  It  is  inso- 
luble in  water  and  alcohoL  When  digested  in  nitric  acid,  it  is  dissolved  and 
decomposed,  being  resolved,  with  scarcely  any  escape  of  binoxide  of  nitro- 
gen, into  ammonia  and  a  new  acid  termed  eyamlic  acid,  which  crystaliixes 
from  the  solution  on  cooling.  The  crystals  of  cyanilic  acid  contain  21  per 
cent  of  water,  which  may  be  expelled  by  heat,  and  the  acid  itself  has  pre- 
cisely the  same  composition  as  cyanuric  acid,  but  its  equivalent  is  twice  as 
great 

Liebig,  the  discoverer  of  these  compounds,  has  in  the  same  essay  with 
them  (An.  de  Ch.  et  do  Ph.  Iv.  5.)  described  the  four  following  substances. 

Melam, — This  substance  is  formed  by  distilling  dry  hydrosulphocyanate 
of  ammonia,  or  what  amounts  to  the  same,  a  mixture  of  sal  ammoniac  and 
sulphocyanuret  of  potassium.  The  products  are  ammonia,  bisulphuret  of 
carbon,  nydrosulphuric  acid,  and  melam,  which  remains  in  the  retort,  mixed 
with  chloride  of  potassium  and  the  excess  of  sal  ammoniac.  By  levigating 
and  washing  the  residue,  the  melam  is  obtained  pure  in  the  form  of  a  yel- 
low powder.  When  heated  cautiously,  it  is  resolved  into  nseDon,  ammonia, 
and  some  other  volatile  product  By  digestion  with  nitric  acid  it  yields 
cyanuric  acid,  and  cyanic  acid  is  generated  when  it  is  fused  with  potassa. 
It  consists  of  twelve  eq.  of  carbon,  nine  eq.  of  hydrogen,  and  eleven  eq.  of 
nitrogen. 

Mdamine. — It  is  venerated  when  melam  is  boiled  with  hydrochloric  add 
or  with  a  solution  of  pure  potassa,  or  when  mdlon  is  boiled  with  that  alkali, 
ammonia  beinf  always  generated  at  the  same  time.  The  melamine  being  of 
sparing  solubility  in  water,  separates  in  colourless  crystals,  the  form  of 
which  is  a  rhombic  octohedron  when  perfect  They  are  insoluble  in  alcohol 
and  ether. 

Melamine  has  no  alkaline  reaction  with  test-paper,  but  it  unites  with  all 
the  acids,  formincr  well-crystallized  salts  with  them,  and  displaces  ammonia 
and  several  metallic  oxides  from  acids.  Melamine  is  thus  a  remarkable  in- 
stance of  the  artificial  production  of  an  alkaline  base.  It  is  composed  of  six 
eq.  of  carbon,  six  eq.  of  nitrogen,  and  six  eq.  of  hydrogen,  the  sum  (tf  these 
quantities  beingthe  combining  quantity  of  melamine. 

AmmeUne.-^This  substance  is  generated  and  held  in  solution  by  the  al- 
kali,  when  melam  is  boiled  in  a  smution  of  potassa;  and  it  is  thrown  down 
as  a  white  precipitate  when  the  liquid  is  neutralized  by  acetic  acid.  It  is  in- 
soluble in  water,  alcohol,  and  ether,  but  is  dtssdved  by  the  fixed  caustic 
alkalies  and  most  of  the  acids.  It  acts  towards  the  latter  as  a  base,  though 
in  a  less  distinct  manner  than  melamine.    It  is  composed  of  six  eq.  of  car- 


boo,  five 


o,  five  eo.  of  hydrogen,  five  eq.  of  nitrogen,  and  two  eq.  of  oxygen. 
'^immsIuIe.^Mdamine,  as  aliM  melam,  is  resolved  by  strong  m 


sulpharie 


acid  into  ammelide  and  ammonia,  and  on  mixingr  alcohol  with  thtf  iohiticm, 
the  ammelide  ia  thrown  down  aa  a  white  powder.  It  ia  alao  formed  by  boiU 
ing  melamine  in  strong  nitric  acid  until  the  solution  is  complete.  Ammelids 
consists  of  twelve  eq.  of  carbon,  nine  eq.  of  hydrogen,  nine  eq.  of  nitrogen, 
and  six  eq.  of  oxygen. 

Carhuretted  Hydrogtn  in  <A«  iilmospAere^ — ^M.  Boassinghaolt  has  proved 
that  in  the  air  of  Paris  a  small  quantity  of  hydrogen,  rarely  amounting  to 
1  in  10,000  measures,  is  present,  either  free  or  in  combination.  The  -&ot 
was  proved  by  passing  a  large  quantity  of  air  previously  dried  by  chloride 
of  calcium  and  sulphuric  acid  with  scrupulous  care,  through  a  red-hot  tube 
filled  with  turnings  of  metaUic  copper,  when  a  small  quantity  of  water  was 
always  generated.  This  experiment  he  purposes  repeating  on  the  Alps.  He 
suspects  the  hydrogen  to  be  combined  with  carbon  ;  because  Baussure  has 
observed  that  air  deprived  of  carbonic  acid  gas,  and  then  mixed  with  hydro* 
gen  gas  and  detonated,  always  contained  traces  of  carbonic  acid.  (I/Institut, 
33  August,  1834.) 

NUuret  of  PhoBvhanu. — ^This  substance  is  prepared  by  saturating  the  per- 
chloride  of  phoepnorus  with  dry  ammoniacal  gas,  and  then  heating  the  pro- 
duct to  redness  in  a  current  of  dry  carbonic  acid  gas ;  when  hydrochlorata 
of  ammonia,  ammonia,  hydrogen  gas,  and  the  vapour  of  phosphorus  are 
expelled,  and  nituret  of  phosphorus  remains  in  form  of  a  white  light  powder. 
This  compound  may  be  heated  to  redness  without  change,  and  resists  the 
action  of  alkaline  solutions,  chlorine  gas,  and  the  acids,  except  the  concen- 
trated nitric  and  sulphuric ;  but  when  fused  with  an  alkaline  hydrate,  am- 
monia is  abundantly  disengaged,  and  a  phosphate  generated.  Heated  in  the 
open  air  it  slowly  yields  phosphoric  acid.  According  to  the  analysis  of  H« 
nose,  who  ascertained  the  preceding  facts,  the  nituret  of  phosphorus  con- 
sists of  15.7  ports  or  one  eq.  of  phosphorus,  and  1415  part»  or  one  eq.  of 
nitrogen.  (L'Institut,  15  February,  1834.) 

Bcn^rtn.— Mitscherlich  has  noticed  that  when  benaoi«  acid  is  distilled  with 
an  excess,  such  as  3  times  its  weight,  of  slaked  lime,  the  acid  is  entirely  re- 
solved into  carbonic  acid,  which  unites  with  lime,  and  Faraday's  bicarbu- 
ret  of  hydrogen  (page  251),  to  which  Mitscherlich  has  given  tne  name  of 
benzin.    The  change  is  such  that 

1  eq.  hydrous  benzoic  acid        ^     3  eq.  benzin  2(3H-(-GC) 

14C+6H-H40  .g^     and  3  eq.  carbonic  acid    3(C-|-20.) 

Peliffot  has  obtained  a  similar  result  bv  distilling  hydrated  benzoate  of 
lime ;  but  when  the  anhydrous  salt  is  used,  the  change  is  necessarily  some- 
what different,  and  a  volatile  liquid  called  benxone  passes  over,  carbonate  of 
lime  remaining  in  the  retort.    In  this  case 

1  eq.  anhydrous  benzoic  acid      ^     I  eq.  benzene  13C4-5H-4-0 

1^4.5H4.30  !S     and  1  eq.  carbonic  acid       G-f-20. 

By  heating  benzone  with  lime  it  may  be  deprived  of  all  its  oxygen,  with 
production  of  carbonic  acid  and  naphthaline.  (L*Institut,  19  Jufy,  1834.) 
These  phenomena  are  obviously  due  to  a  play  of  affinities  leading  to  the  pro- 
duction of  carbonic  add. 

Mitscherlich  has  described,  under  the  name  of  Bulpka-ienxide^  a  com- 
pound formed  by  the  action  of  strong  sulphuric  achi  on  benzm,  the  reaction 
being  such  that 

3  eq.  benzin  .  .  .  3(3H-4-eC)  S  1  eq.  sulphcbenade  5H-t-l3C4-S-|-30 
and  1  eq.  sulphuric  acid   S+30  '^  and  1  eq.  water  .    .    .    H+O. 

Strong  nitric  acid  acts  oa  benzin  in  a  similar  manner.  (Miticherlich*s 
Lehrbuch  ^r  Chemie.) 
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l^kflakm,  BeiehenliMh,  of  Bbiwko,  !•  of  opuikin  Hud,  nitivo  iMpUi*  is 
eaoBtkllj  the  mum  floid  u  oil  of  tarpenUno,  Mid  eaotamtB  thol  tfao  feimar 
is  not  f  emnted  doriiif  tfao  iloir  oImmw  bjr  whioh  wood  k  ooBtortad  iBto 
cool,  but  eSMtod  originallT  in  the  wood  itielf  ;— 4lMt,  in  &ct,  naphtba  io  the 
oil  of  turpentiiie  of  antemluvian  pine  foreoU.  Thia  view  is  Maded  on  the 
cloee  nmilarity  in  the  properties  of  naphtha  and  oil  of  torpentine.  He  ob- 
tained naphtha  from  ooal  1^  diatillation  at  2l»>.  Naphtha  is  oertainl^  not 
gcneralad  by  heat  applied  to  boda  of  ooal  in  the  aame  manner  aa  bitommoa* 
matter  ia  generated  during  the  formation  of  eoal>gaa ;  ior  native  naphtha  is 
free  from  the  pffoducte  whieh  characterise  the  latter  (page  54B\  and  ia  qoita 
diftrent  from  coal-tar  naphtha*  with  whioh  it  has  been  ttKN^ht  identieal. 
(L'InstiInt,  7  Jnne,  1834). 

XaiMe  mud  Miuinxmn$kie  AcitL—Whaik  hisolphuret  of  carbon  ia  agitated 
with  a  aohition  of  pore  potaam  in  strong  alcohol,  the  alkalinilyof  the  liquid 
diaappears;  uid  on  ozposin^  the  solution  to  a  temperature  of  39^,  eolourlesB 
adeulu'  crystals  are  depoaited  which  acquire  arellow  tint  on  exposure  to 
the  air.  Zeiss,  who  first  prepared  this  salt  in  1822  (Annals  of  PhU.  N.  &  iv.), 
supposed  it  to  consist  of  potassa  united  with  an  hydracid,  the  radical  of  whidi 
he  beUered  to  be  a  sulphuret  of  carbon.  To  the  radical  of  this  hydracid  he 
applied  the  term  aumthogtn  (from  pAfBpt  yellow,  and  ymnm  I  generate),  ex- 
prassive  of  ite  tendency  to  form  yellow  compounds ;  and  to  the  acid  he  gsve 
the  name  of  k^rwmtUhie  scui  He  has  since  substituted  the  name  of  zan^ 
thm  acid,  flwn  finding  that  it  contains  oxygen  as  one  of  its  demento.  Be 
Buppusss  it  to  contam  the  elemento  of  one  eq.  of  alcohol,  and  two  eq.  of 
bionlphttret  of  carbon;  hut  ite  real  nature  has  not  yet  been  aatisfiidsrily 
determined. 

TMifhM>  aeid  is  a  coloorleM  oily  fiuid,  heavier  than  water,  of  a  strong  pe- 
onUar  odour,  and  a  taste  at  first  acrid  and  acid,  but  ioHowed  by  bittameas 
and  astringeney.  It  reddens  litmus  paper,  but  afterwards  bleaches  it.  It  in 
insduUs  in  water,  and  is' prepared  hy  the  action  of  dilute  sulphnrio  or  hy« 
drochloric  acid  on  xanthate  of  potaasa.  It  pomeoses  little  pennanenef,  be- 
ing  deoompoeed  by  the  action  c^  the  atmosphere ;  and  at  a  heat  abort  of  21^ 
it  IS  rMdtred  into  bbulph«f«t  of  earbon  and  an  infliwmaWa  gw« 
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Absolute  alcohol,  55^ 
Acetates,  503 
Aoetoos  fermentation,  579 
Acids,  definition  o^  420 

nomenclature  o(  123 

animal,  593 

sulphur,  470 

vegetable,  497 
Acid,  acetic  and  acetous,  503 

allantoic,  596 

ambreic,  601 

amniotic,  596 

amylic,  537 

antimonic  and  antimonious,  377 

arsenic,  357 

arsenious,  354 

aspartic,  570 

auric,  404 

azulmic,  267,  571 

benzoic,  512 

boletic,  520 

Iboracic,  205 

boro-hjdrofluoric,  241 

bromic,  236 

butyric,  capric,  and  caproic,  599 

eaffeic,  571 

eaincic,  521 

camphoric,  256,  519 

earbazotic,  522 

earbonic,  187 

caseic,  568 

oeric,  548 

chloric,  217 

chloriodic,  231 

chlorocarbonic,  222 

chlorocyanic,  274 

chlorou8r217 

chlorozalic,  520 

cholesteric,  600 

oholic,  690- 

ehromic,  361 

citric,  508 

oolumbic,  373 

crameric,  521 

croconie,501 

56* 


Acid,  crotonic,  599 
cyanic,  270 
cyanilic,  662 

cyano-hydrosulphuric,  277 
cvanuric,  273 
elaiodic,  599 
ellaffic,  518 
eryUiric,  594 
ethero-phospfaoric,  558 
ethero-sulphuric,  558 
ferrocyanic,  489 
ferruretted  chyazic,.489 
fluoboric,  240 
fluoric,  239 
fluosilicic,  ^6 
formic,  269,  499,  595 
fulminie,  272 
gallic,  516 

elacial  pheephoric,  204 
hippuric,  595 
hircic,  599 
hydriodic,  228 
hydrobromic,  235 
hydrochloric,  212 
hydrocyanic,  266,  520 
hydroferrocyani'c,  489 
hydrofluoric,  238 
hydropersulphuric,  261 
hydroseleaic,  261 
hydroseleniooyanic,  278 
hydrosulphocyanic,  276 
hydroeulphuric,  258 
hydrotelluric,  387 
hydroxanthic,  664. 
hyponitrouB,  178 
hypopbosphorous,  201 
hyposulphuric,  197 
hyposulpburous,  196 
igasuric,  520 
indigo-sulphurio,  565i 
indigotic,  521 
iodic,  229 
iodon8,229 
iatrophic,  599 
kinic,606 
hustic,505 
lactade,  581 
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Aoid,  kmpie,  555 
lithic,593 
,507 


mangaiiie,  333 

marnritic*  599 

mecfloic,  575 

meoooic,  513 

mellitic,  501 

inefaigallk,518 

metameoonioy  514 

metaphosphoric,  304 

moljrbdic  mod  molybdoiit»370 

moric  or  morozjiio^  519 

mucic,  518 

muriatic,  313 

iiiiienc»505 

nitric,  181 

nitro-mariatic,  9L5 

nitrous,  179 

oleic,  598 

otmic,  413 

onlie,498. 

ozjr-muriatie,  309 

ozjprasaic,  974 

paracjanuric,  974 

paraplMMphoric,  309. 

parataruric,  519 

pectic,590 

perchloric,  318 

periodic,  330 

permanganic,  339 

phooeDie,599 

phoaphatic,  303 

phoapboric,  309 

phoaphoroos,  901 

prusaic,  966,  580 

purpuric,  594 

pjrooitric,  509 

pyroeallic,  517 

pjrolinia,  507 

p/roiii^eoaa,  509 

P7roiDaHc,507 

pyromucic^  519 

pyrophoaphoric,  903. 

pyrotartaLiic,  509 

pfro-orio,  594 

raeemic,  511 

rheumie,  590 

rtcinic,  599 

rocellic,  519 

roaactc,594 

aaochoketie,  516^ 


t-\ 


8e]enio,907 
aelenioua,  307 
ailicic,  3SH 
ailioated  fluoric,  397 
ailioo-hydrofluoric,  397,  485 
■orHo,  590 


Acid,  itearic,  599 

suberic,  590 

succinic,  518 

sulphocyanic,  976 

sulphooaphthalic,  954 

sulphofioic,  557 

•^phureltod  chyadc,  976 

sulphuric,  194 

sulphuric,  fuming,  194 

sulphurous,  199 

tannic,  514 

tannic,  artificial,  516 

tartaric,  509 

telluric,  386 

tellurous,  386 

titanic,  384 

tungrstic,.  373 

ulmic,  571 

uric,  593 

Talerianie,  519 

yeUow,  588 

▼anadic,  367 

oftheVosges,5U 

zanthic,66i 

sumic,590 
Adipocire,  600 
Aeriform  bodies,  90 
Affinity^  cheroiod,  194 

taUeof,195 

single  elective,  195 

double  elective,  197 

disposing^  169 

by  what  circumstaaees  modified, 
138 

quiescent  and  direllent,  197 

measure  of,  133 

changes  that  aooompany,.  197 
Agedoite,  569 
Air,  atmospheric,  167 

alkaUne,  949 

fixed,  187 
Alabaster,  438 
Alembroth,.salt  of,  478 
Albumen,  588 

vegetable,  568 

incipient,  633 
Alooate8,553 
Alcohol,  553 

of  sulphur,  378" 
Alpvotb^  powder  of^  975 
Alttarine,  567 
Alkali,  definition  of,  430 

volatile,  343 

silicated,  335 
Alkalies,  vegetable,  593 
Alkaline  air,  343 

bases,  430 

earths,  393 
Alkalimeter,  463 
AlUnito,38t 
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AIIc7t,983,41S 
Almond  oil,  S13 
Aloes,  bitter  of,  523 
Althea,532 
Alum,  441 

stone,  441 
Alamen  ustum,  443 
Alumina,  or  aluminooi  eartli,  807 

■ulphates  of,  499 

sulphates,  dpaUe,  ol{  441 

acetate  of,  504 
Aluminite,  439 
Aluminium  and  its  compounds,  315 

ozyfluoride  oi;  486 
Amalgams,  416 
AmsJ^ffl  for  Jookraff-^IasMS,  416 

ammoniacal,  166 

for  electrical  machines,  416 
Amal^mation  of  sO?er  ores,  400 
Amber,  518,  547 
Ambergris  and  ambreine,  601 
American  hicoorj,  567 
Amidine,  536 
Ammelide,  662 
Ammeline,  662 
Ammonia,  liquid,  243 

character  of  the  salts  oC  349 

Gobahateof,350 

sulphate  of,  438 

sulphates,  douUe,  of,  443 

sulphite  of,  443 

nitrate  of,  446 

phosphates  o^  453 

arseniates  of,  456 

carbonates  of,  464 

hydro-salts  of,  467 

sulpbur-salts  o^  470 

haloid  salts  of;  477 

chlorides  with,  460 

oxalate  of,  500 

acetate  of,  504 

lactate  of,  506 

magnesian  phosphate  of^  454 

subcarbonate  cf,  465 

bimalate  of,  507 

citrate  of,  508 

succinate  of,  518 
Ammoniacal  gas,  243 
Ammoniaret  of  copper,  440 
Amnios,  liquor  of,  625 
Amygdaline,  573 
Analysis  defined,  4 

proximate  and  ultimate,  of  orgs* 
nic  substances,  495 

of  minerals,  639 

of  gases,  637 

of  mineral  waters,  644 
Anhydrite,  438 
Animal  chemistry,  587 

proximate  substances,  56T 


Animal  substances,  analyiis  of,  4M 

oils  snd  fats,  596 

acids,  593 

jelly,  590 

beat,  615 

fluids,  617 

solids,  633 
Antimonialis,  polns»  377 
Antimoniates,  377 
Antimonites,  377 
Antimony  snd  its  eempouttds^  374 

regtius  oi;  374 

argentine,  flowcta  iji^  975 

glass,  crocus,  and  liter  oi^  378 

alloys  of,  417 

golden  sulphuret  o^  378 

oxychloride  <]f,  481 

tartrate  of,  and  potassa,  510 

test  of;  376 
Antimonio-sulphwoli,  476 
Anthracite,  553 
Apatite,  453 
Apoeepedine,  634 
Apparatus,  Dononm'a,  307 

Nooth*s,  188 
Aqua  |k>tass8B,  296 

fortis,  181 

regis,  215 
Arbor  Diane,  401 

8atunii,393 
Arehf  1,566 
Aricina,  530 

Arrangement  of  the  work,  4 
Arrow-root,  537 
Arseniates,  357,  456 
Arsenites,  354 
Arsenic  and  its  compounds,  353 

white  oxide  of,  354 

teste  of,  355 

tUloja  of,  416 

fuming  liquor  nt,  357 
Arsenio-suiphurets,  474 
Arsenical  solution,  459 
Arseniuretted  hydrsgen,  3Sd 
Arthanatin,  573 
Arterialization,  609 
Asparagin,  569 
Asphalturo,  549 
Atmospheric  air,  167 

chemical  properties  o^  170 

physical  properties  iji^  169 

analysis  of,  170 

weight  of,  167 
Atom,  definition  of,  143 
Atomic  theory,  Daltim's  view  of,  142 

weights,  143 
Attraction,  chemieal^videaffiDily,  134 

cohesive,  2 

terrestrial,  or  graTity,  2 

ekctrlfi,.71 
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AiintM,404 
Aoro-chloridei,  478 
Aiote,166 

B 

Baldwiii*8  phoiphonia,  69 

fiallooDS,  159 

Baliam8,547 

BarUla,464 

fiwHo-calcito,  467 

Btrinin  and  its  oompoondii  306 

BarjU  or  bsryftes,  907 

hydrate  of;  307 

tesU  of,  307 

■alphate  o^  438 

nitrate  of,  446 

nitrite  of,  448 

chlorate  of,  448 

arseniates  of,  456 

carbonate  o^  465- 

double  carbonate!  of,  467 

metaphoephate  o^  456 
Barley,  maltiiijri  589 
Barometer,  correction  o(  for  the  ef- 
fecUofheat,18 
sia  in  dyeing  (mordant),.  563 
aaorin,  570 
Battley's  sedatiye  liquor,  536 
Baum6'a  hydrometer,  degrees  o£t  re- 
duced to  the  common  atand- 
ard,  661 
Bell-meUl,  417 
Benzin,  663 
Benzoatea,  513 
Benzoin,  513 
Benaone,  663 
Benzule,513,  543 
Bensamide,  545 
Benzoine,  545 

Berlin  or  Pruaaim  blue,  490 
fierberin,  572 
Bile,  619 

Biliary  ooncretiooa^  630 
Biamuth  and  ita  compouidii  382 

magistery  o£;363 

butter  of;  383 

alloys  ot,  417 
Bitter  almonds,  oil  of,  543- 
Bittem,  233 
Bituminous  substances,  549 

wood,  551 
Bitumen,  549 
BUck  dyes,  567 
Black  flux,  357,  510 
Black  lead,  340 
Bhck  oxide  of  iron,  336,  337. 

oxide  of  copper,  389 

▼omtt,.6e9 
f.2U 


Bleachmg  powder,  31) 
Blende,  343 
Block  tin,  345 
Blood,  601 

in  dlBcase,  607 

cruor  or  crassamentnm  oC  603 

coagulation  of,  606 

serum  of,  604 

serosity,  604 

colouring  matter  ot,  604 

fibrin  of,  606 

bufiy  coat  of;  603 
Blood-rootr533 
Blowpipe  with  oxygen,  161 

with  oxygen  and  hydrcgan,  160 
Blue,  Prussian  or  Berlin,  490 

Saxon,  565 
Blue  dyes,  564 
Boa  constrictor,  urine  of,  593 
Bodies,  isomorpbous,  439 

isomeric,  153 

plesiomorphous,  433 
Boiling  point  of  liquids,  42. 
Bone  earth,  453 
Boracite,  461 
Bones,  633 
Borates,  46& 
Borax,  461 

glass  of,  461 
Boro-fluorides,  484 
Boron  and  its  acids,  304 

terchloride  of,  323 
Boyle,  fuminff  liquor  of,  469 
Brain,  analysis  of,  635  « 

Brass,  417 

brazing,  417 
Brazil  wood,  566 
Bromatcs,  450 
Bromides,  237, 386 

double,  484 
Bromide  of  hydrocarbon,  250 

of  cyanogen,  376 
Bromine,  233 

its  compounds,  235 
Brown  coal,  551 
Bronze,  417 
Brucia,  531 
Brunswick  men,.482 
Bryonin,  573 
Butter,  622 

of  zinc,  343 

of  bismuth,  383 
Butyrine,.599 

C 

Cadmium  and^its  compounds,  343 

Cafiein,  570 

Calamine,  343 

Galoium  and  its  compounds,  310 
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Gakination,  269 
Calcn]],  uriDUT,  631 

hiUary,  630 

■ali^ary,  617 
GSRlcttlos,  molbernr,  501 

fibrinoQs,  639 

uric  add,  631 

bone  earth,  631 

ammoniaco-magneaian  pfaoe- 
phate,  631 

fhflible,  633 

cystic  oxide,  632 

zanthic  633 
Calomel,  396 
Caloric,  5 
Calorimeter  of  LaToiater  and  Laplace, 

31 
Calorimotor,  92 
Calx,  283 

Camphene  or  camphogen,  255 
Camphor,  543 

artificial,  256,  542 
Camphoratea,  519 
Cannel  coal,  551 
Camion  metal,  417 
Canton*8  phoaphorua,  313 
Caontchoac,  547 

▼olatile  liquid  of,  548 

mineral,  549 
Capacity  for  heat,  29 
Carbon,  184 

chlorides  of,  219 

ita  compounds  with  oxygen,  187 
with  hydrogen,  244 
with  nitrogen,  264 
with  sulphur,  278 
CarlxMrolphuretB,  473 
Carbonato^  general  propertiea  0^461 

double,  467 
Carbonic  oxide,  189 
Carburets,  metalUe,  292 
Carburetted  hydn^en,  light,  245 
Carmine,  566 
Cartilage,  633 
Caseous  matter,  622 

oxide,  623 
Caaaius,  purple  «(  346, 466 
CkssaFa,537 
Ckteehn,  514 
Cathartin,  571 
Celeatine,  438 
Ceraain,  538 
Cerate,  548 
Cerin,  548 
Cerium  and  ita  eompoanda,  981 

oxy-chloride  o^  481 
Cerulin,  565 
Ceruse,  466 
Cerussa  acetata,  504 
Cetine,60 


Cetrarin,  572 
Chalk,  465 

Chameleon,  mineral,  332 
Charcoal,  185 

animal,  or  iTsry  black,  185 
Cheese,  622 
Chemical  affinity  or  attraetion,  IM 

aymbola,  150 

equiTalentSi  141 

mode  of  aacertaining,  139 

scale  of,  141 

formide,  150 
Chembtry,  definition  of,  3 

tnalytical,  637 

organic,  493 

inorganic,  121 
,     Tef^ctable,  495 

animal,  587 
Classification  of  chemical  snbstaBces,  4 
aeavage,  428 
Chlorates,  218 
Chk>ric  ether,  248 
Chloral,  222 
CUortdea  or  chkHnretB,  211 

metallic  285 
Chloridea  with  ammonia,  462 

with  phosphuretted  hydrogen,462 
Chlorides  of  carbon,  219 

hydrocarbon,  248 

sulphur,  221 

221 


iodine,  231 

bromine,  237 

e^nogen,  274 

nitrogen,  219 

lime,  313 

soda,  303 
Chlorine,  209 

its  compounds,  212 

nature  of,  224 

bleaching  powers  of^  211 

disinleetinff  powers  of,  211 

theories  01^224 
dikrophane,  69 
Chk>rureta,211 
Chlorophyle,  573 
Chloro-nitrous  eas,  223 
Choke-damp,  189 
Cbolesterine,  600 
Chromates,  459 

of  chloridea,  460 
Chromate  of  iron,  959 
Chromium  and  its  compounds,  95^ 

sulphate  of,  440 

sulphate,  douUe,  of|  442 

oxalate  of,  and  potaasa»501 
Chrome  alums,  442 
Chrome  yellow,  460 
Chyle,  621 
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CSijrme,  618 

Cinehona  bark,  active  principleof,  528 

CSnchonia,  528 

Cinnabar,  399 

Cinnabar,  fiictitiooa,  399 

Catrates,508 

Citrene,256 

Coke,  552 

CloveB,  oU  of,  543 

Coal,  551 

ga8,256 

mines,  fire^lamp  of,  246 
Coagulation  of  the  blood,  606 
Cobalt,  and  its  compounds,  348  i 

sulphate  ot,  440 
Cobaltate  of  ammonia,  350 
Cobalto-cyanuret  of  potassium,  492 
Coccolus  IndicQs,  principle  ot,  532 
Cochineal,  566 
Codeia,  527 
Cohesive  attraction,  2 

influence  of,  over  chemical  ac- 
tion, 128 
Cdd,  artificial  methods  of  producing, 

39 
Colocjmtin,  572 

Cdooring  matter  of  the  blood,  604 
Colouring  matters,  563 
Colours,  adjective  and  substantive,  564 
Columbin,  575 

Colnmbium  and  its  compounds,  373 
Combination  defined,  134 

utility  of  laws  of,  138 

laws  of,  134 

historical  facts  relating  to  laws 
of,  138 
Combinations,  metallic,  284 
Combining  proportions  ezjrfaioed,  135 

Uble  of,  141 

ezemplificatiotts  o^  137 
Combustion,  156 

theories  of,  156 

spontaneous,  e.  Phosphnrelted 
hydrogen  and  Pyrophorus 
Composition  of  bodies,  136 

now  determined,  139 
Condenser,  80 
Conductor,  prime,  75 
Conductors  of  heat,  7 
Conduction  of  heat,  6 
Cooling  of  bodies,  14 

velocity  of,  14 

law  of,  by  Newton,  14 
Copal,  546 
Copper  nickel,  350 
Copper  and  its  eompoonds,  387 

test  oC;  389 

aUoysof,417 

pyrites,  387 

glance,  390 


Copper,  sulphates  o^  440 

nitrate  of;  446 
arsenite  o£,  459 
carbonate  of,  466 
tinning  o^  417 
acetates  of,  504 


loniacal  sulphate  o^  355, 440 

white  muriate  of^  389 

sheathing,  preservation  o£,  89 

resin  of,  389 

white  of  the  Cadnese,  417 

ore,  blue,  466 
Cork,  571 
Corrosive  sublimate,  397 

tesU  of;  398 
Corydalia,  532 
Corundum,  316 
Coumarin,545 

Count  Ruoifi>rd's  mode  of  ascertain- 
ing conducting  power  of  arti- 
cles of  clothing,  7 
Cream  of  milk,  622 

of  lime,  311 

of  tartar,  510 
Creosote,  549 
Crocus  of  antimony,  378 
Cryolite,  486 
Cryophorus,  46 
CrysUlIization,  424 

systems  o^  428 

water  of,  423 
Crystallography,  421 
Crystals,  primary  form  of,  425 

secondary  form  of,  425 

angles,  planes,  edges  of;  in,  435 

structure  of,  428 

cleavage  o^  428 
Curcuma  paper^  567 
Curd,  623 
CuUde,  634 
Cyanogen,  264 

compounds  of;  266 

chlorides  of,  274, 275 

iodide  of,  275 

bromide  of;  276 

bisulphuretof,277 

sulphuret  of,  277 
Cyanurets,  metallic,  (or  cyanides,) 
289 

double,  486 
Cyanuret,  red,  of  potassium  and  iron, 

490 
Cynopia,  532 
Cystic  oxide  calculus,  632 
Cytbin,  57T 

D 

Daphnia,  533 
Peooropoaition,  simple,  125 
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Deoompodtiaii,  donUe,  196 
I>ecrepitation,  423 
Definite  proportiona,  doctrine  of,  195 
neflaffratioD,  283,  444 
D^phloguticated  air,  153 

marine  acid,  209 
Beliqneacence,  ^^3 
Delphia,  532 
Berosne,  aaH  of,  526 
Berbyahire  spar,  312 
Bestractive  distillation,  495 
Detonating  powders,  448  ' 
Dew,  formation  of,  13 
Dew-point,  52 
Diabetic  urine,  629 
Diathermanous  ■abatancei,  66 
Diamond,  186 

Differential  thermometer,  33 
Diffusiveness,  173 
Diffbsion  tube,  173 
Digesting  flask,  645 
Dippel*s  oil,  597 
Disinfecting  liquor,  303 
Distillation  by  descent,  342 

destructive,  495 
Dobereiner*s  lamp,  159 
Dragon's  blood,  546 
Dutch  gold,  417 
Dyes,  564 

E 

Earths,  pure,  292 

siliceous,  324 
Earth,  alkaline,  292 

aluminous,  317 
Ebullition,  42 
Efflorescence,  423 

influence  of  over  affinity,  130 
Eggs,  589,  624 
£gg.shells,  634 
Elune,  541 
Elastic  gum,  547 

Elasticity,  its    efiects  on  chemical 
affinity,  104 

of  Tapours,  47 
Elateriam,  575 
Elatin,  575 
Elective  affinity,  125 

attraction,  71 

repulsion,  71 

excitement,  causes  of,  75 

intensity,  33 
Electricity,  71 

elementary  facts  o^  71 

conductors  and  non-condiiclors, 
oC71 

Titreous  or  positive,  72 

resinoua  or  negative,  72 

theories  of;  73 

induction  of,  78 


Electricity^,  atmospheric,  77 

identical  with  lightning,  87 

thermo,  75 

historical  notice  rdating  to,  86 

condenser  of,  80 
Electrical  battery,  79 

accumulation,  laws  of,  83 

machine,  75 

unit  jar,  82 
Electro-chemical  decomposition,  the- 
ory of,  106 

equivalenta,  105 
Electro-dynamics,  116 
Electro-magnetism,  116 
Electrometer,  balance,  82 

gold  leaf,  80 

torsion,  81 

Tolta,  106 
Electro-negative    and  positive   cle« 

ments,  107 
Electrophorus,  80 

Electroscopes  and  electrometers,  80 
Elements,  what,  and  how  many,  4 
Elementary  substances,   chemical 

equivalents  of,  141 
Emetia,  531 
Emedc  tartar,  510 
Empyreal  air,  153 
Emulsion,  541 
Endosmose,  613 
Epsom  salt,  438 
Equivalents,  chemical,  141 

scale  of,  141 
Erytlirogen,  621 
Erythronium,  364 
Essential  oils,  541 

salt  of  lemons,  500 
Ethal,600 
Ether,  554 

theory  of  the  formation  of,  556 

acetic,  561 

oxalic,  560 

chloric,  561 

cyanuric,  561 

hydriodic,  560 

hydrochloric,  559 

nitrous,  560 

oxidized,  562 

hydrobromic,  560 

pyroacetic,  562 

sulphoc^anic,  561 

sulphuric,  555,  559 

thialic,  661 
Etherine,  250 

sulphate  of,  559 
Ethule  or  Ethyle,  556 
Ethiops  mineral,  399 

per  se,  395 
Euchlorine,  216 
Eudiometer,  origin  of,  171 

Hope's,  638 
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Eodiometer,  VQlla*i|  637 
Eupione,  259 
EvrnpontioD,  45 

circoffisUnoefl  inflnimriny,  45 

csanse  of,  41,  47 

limit  to,  49 

Leslie**  method  of  freeang  by, 
46 
Ezosmoae,  613 
Kipenekm  of  eolidi,  16 

of  liquids,  18 

ofraefl,20 
Extractive  matter,  .573 
Eztractom  Satvrni,  504 
Eye,  humoun  oC  685 

action  of;  on  liglit,  63 


Fat  of  animals,  596 
Feathers,  634 
Feeula,536 
Fermentation,  576 

aoetoiis,'579 

penary,  579 

putrefiictiTe,  580 

▼inous,  577 

saccharine,  576 
FernMsyaourets,  486 
FerrOi^esqaicyanurets,  489 
Fibre,  woody,  539 
Fibrin,  587 

of  the  blood,  606 
Filter,  643 

Fire-damp  of  coal  mines,  246 
Fixed  air,  187 
Fixed  oils,  540 
Flame,  vide  Combostion  and  Carba- 

retted  Hydrogen 
Flesb,634 
Flint,  324 
Flowers  of  sulphar,  191 

argentine,  of  antimony,  375 
Fluidity  caosed  by  heat,  37 

heat  of,  37 
Fluoborates  of  ammonia,  469 
Fluosilicate  of  ammonia,  470 
Fluorides,  metallic,  287 
Fluorides,  double,  484 
Fluorine,  238 

theories  relating  to,  239 
Floor  spar,  312 
Flux,  white  and  black,  510 
Fly  powder,  353 
Food  of  plants,  585 
Form,  charges  of,  exciter  of  electri- 
city, 77 
Freezing  mixtures,  39 

Ubles  of,  39 

in  vacuo,  LesUe^s  method  of^ 
46  I 


Frigorifio  mixturai  with  inoWt  taUe 

0(39 
FrioCioo,  heat  prodnoed  by,  54 

electricity  excited  by,  75 
Fulminating  gold,  404 

mercury,  272 

platinum,  409 

silver,  402 
Fuming  liquor  of  Libaviw,  347 

of  Boyle,  469 

of  arsenic,  357 
Fongin,  571 
Funnel,  643 
Fusion,  36 

watery,  423 

point  0^282 
Fusible  metal,  417 
Fustic,  567 

Q 

Galena,  391,  394 
Gallates,  517 
Gall-nuts,  514 
GaU.stones,  621 
Galvanic  battery,  92 

arrangements,  88 
Galvanism,  87 

how  developed,  87 

effecU  of,  99 

chemical  agency  of,  101 

electrical  agency  of,  100 

connection  of,  with  magnetiMD, 
109 

theories  of  iu  productioD,  94 
Galvanometer,  110 
Gases,  53 

mode  of  finding  the  speeUic 
gravity  of,  122 

condensation  of,  53 

law  of  expansion  of,  21 

diffusion  of,  172 

formula  for  correcting  the  ef- 
fects of  heat,  49 

specific  heat  of,  31 

their  bulk  influenced  by  mois- 
ture, and  the  fiirmula  for  cor- 
recting its  effects,  50 

analysis  of  mixed,  637 

absorption  of,  by  charcoal,  185 
Gases,  mode  of  drying,  53 

coal  and  oil,  256 

absorption  of,  by  water,  163 
Gastric  juice,  618 
Gelatin,  590 
Gentianin,  572 
Germination,  581 
Gibbsite,  318 
Gilding,  416 
Glance,  silver,  402 

coal,  562 
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Glance,  copper,  390 
Glass,  yarious  kinds  of,  325 

expansion  o^  by  heat,  17 

of  antimony,  378 

of  borax,  461 
Glanber*8  salt,  437 
GUadine,  569 
Glucina,  319 

test  of,  320 
Glnciniam  and  its  oxide,  319 
Glue,  590 
Glaten,  568 
Glycerine,  599 
Gold  and  its  compoands,  403 

fttlminatine  compound  of,  404 

ethereal  solution  of,  405 

alloys  of,  418 

mosaic,  347 

haloid  salts  of,  478 
Golden  sulphuret  of  antimony,  378 
Gonsf,  Chinese,  417 
Goulard's  extract,  504 
Gouty  concretions,  594 
Grain  tiu,  345 
Graphite,  340 
Gravel,  urinary,  631 
Gravitation,  2 

Gravity,  effect  of,  on  chemical  action, 
133 

modes  of  determining  spedfie, 
121 
Green,  Scheele*s,  459 

mineral,  466 

Brunswick,  482 
Growth  of  plants,  583 
Gum,  537 

resins,  547 

elastic,  547 

British,  537 
Gums,  538 
Gunpowder,  445 
Gypsum,  438 

H 

Haarkies,  352 
Hair,  634 
Haloid  salt«,  477 
Hartshorn,  spirit  of^  242 
Hairowgrate  water,  649 
Heat,  5 

definition  of,  5 

nature  of,  5 

communication  of,  by  contact,  6 

conduction  o(  6 

conductors  of,- table  of,  7 

radiation  of,  8 

what  surfaces  best  suited  fbr 
radiation  of,  9 

latent,  30 


Heat,  6*60,30 

luminous,  67 

non-luminods,  11 

effects  of,  15 

expansion  by,  15 
in  solids,  16 
in  liquids,  18 
in  gases,  20 

exception  to  the  law  of,  20 

how  conducted  by  liquids  and 
gases,  8 

specific,  29 

laws  of  distribution  by  radia- 
tion, 9 

capacities  of  bodies  for,  29 

of  fluidity,  37 

sensible  and  insensible,  30 

sources  of,  54 

animal,  615 

radiated,  9 

reflection  of,  10 

absorption  of,  10 

transmission  of,  11 

theory  of|  by  Prevostand  Pictet, 
12 

application  of  Provost's  theory 
to  the  formation  of  dew,  bj 
Dr.  Wells,  13 
Heavy  spar,  438 
Hematin,  566 

Hematite,  brown  and  red,  337 
Hematosine,  604 
Hepar  sulphurls,  300 
Hiccory,  wild  American,  567 
Hogslard,  597 
Hircine,  599 

Homberg*s  pyrophorus,  442 
Honey,  535 
Honey-stone,  501 
Hoofs,  634 
Hordein,  583 
Horn,  634 

silver,  402 

quicksilver,  397 

lead,  394 
Humours  of  the  eye,  625 
Hydrargo-chlorides,  478 
Hydrates,  nature  of,  163 
Hydro,  how  employed,  163 
Hydriodatcs,  228 
Hydrccarbon  of  the  Uood,  612 
Hydrocarburet,  245 

of  chlorine,  248 

of  iodine,  249 

of  bromine,  2  50 
Hydrochlorates,  467 
Hydrognreta,  or  hjduretSt  292 
Hydrocyanates,  267 
Hydrogen,  158 

properties  of,  159 
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Ujirogtm,  oKidation  c£,  159 

peroxide  oC  16$ 

araeniiirettad,  358 

bmrburat  ef,  ^1 

light  earburelied,  945 

mnd  carbon,  compoandi  of,  244 

and  carbon,  new  compounds  of, 
244 

phosphuretted,  26S 

pbotphuretled,  chlorides  with, 
483 

perphosphuretted,  963 

and  nitrogen,  942 

and  potassium,  299 

sdeniuretted,  361 

sulphuretted,  258 

pefsttlphuret  oi,  260 

(elluretted,  387 

with  metals,  292 

auro.chloride  of,  479 

platino-biniodide  of,  483 

ferro-cyanuret  o^  489 

ferro-sesquicyanuret  of,  490 

sinco-cyanuret  of,  492 
Hydrometer,   Baum«*8,   degrees  of^ 
reduced  to  the  common  stand- 
ard, 661 
Ifydro-^alts,  467 
Hydro-sulphurets,  471 
Hydro-sulphocyanuretB,  472 
Hygrometers,  51 
Hyperoxy muriates,  218 


Iceland  spar,  465 
Ice,  19 
Idrialine,  255 
Igasurates,  520 
Imponderables,  9 

influence  of  over  chemical  ac- 
tion, 133 
Incandescence,  68 
Incipient  albumen,  629 
Indigo,  564 
Indigo^ene,  522,  566 
Induction,  electric,  78 

Volta^leetric,  117 

magneto-electric,  117 
Ink,  515 

marking,  447 

sympathetic,  350 
Inflammable  air  of  marshes,  245 
Ingenhouz's  method  of  ascertain- 
ing  the  conducting  power  of 
solids,  7 
Insolubili^,  influence  of,  on  affinity, 

Insulators,  electrical,  79 
Inulin,  571 


Iodates,230,449 

Iodide  of  hydroearboa,  949 

of  cyanorai,  975 
Iodides,  or  iodureta,  931 

metallic,  286 

double,  483 

ozy.,  484 
Iodine,  296 

test  for,  227 

compounds  of,  359 

oxide  of,  229 

chlorides  of,  231 
Ipecacuanha,    emetic  prioeiple  of, 

531 
Iridium  and  its  oompoimds,  413 
Iridio-chlorides,  481 
Iron  and  its  compounds,  334 

ores  of,  334 

cast,  335 

rusting  of^  335 

pj  rites,  339 

pyrites,  magnetic,  340 

sulphates  of,  439 

alum,  442 

meteoric,  components  of^  334 

chromate  of,  459 

carbonate  of,  '166 

fenYKsesquicyanarol  of,  490 
Isinglass,  590 
Isomeric  bodies,  159 
Isomorphism,  429 

Isomorphous  substances,  taUe  of,  430 
Ivory  black,  185 


Jelly,  animal,  590 
vegetable,  538 
Jet,  551 


Kali,  296 
Kalium,  294 
Kermcs  mineral,  378 
Kelp,  464 
Kinates,  507 
King's  yellow,  359 
Kupfer-nickel,  350 


Labarraque*s  soda  liquid,  i 

Lac  sulfHiuris,  199 

Lakes,  563 

Lactates,  506 

Lamp  without  flame,  555 

safety,  246 
Lampblack,  546 
Lapis  cansticus,  296 
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Lapis  infenialui,  447 

lazuli,  303 
Lard,  597 
.Latent  heat,  30 
Lateritious  sediment,  594 
Law    of  muitiplee    of    eombiniog 
weiffhtfl,  137 

of  multiples  of  combining  vol- 
umes, 145 
Laws  of  combination,  134 

of  the  distribution  of  radiant 
heat,  9 
Lead  and  its  compounds,  391 

white,  393,  466 

horn,  394 

ceruse  of,  466 

nitrates  of,  447 

nitrites  of,  448 

phosphate  of,  454 

arseniates  of,  458 

carbonate  of,  466 

oxychlorides  of,  482 

ozy.iodides  af^  484 

oxy.fluoride  of,  486 

accUtes  of,  504 

malate  of,  507 

alloys  of,  417 
Lemons,  acid  of,  508 

essential  salt  U^  50O 
Lenses,  59  et  seg, 

of  the  eye,  61 
Lepidolite,  305 
Leucine,  588 
Leydes  jar,  78 

Libavius,  fuming  liquor  of^  347 
Ligaments,  634 
Light,  theories  of,  54 

diffusion  of,  55 

ordinary  ray  of,  64 

eitraordinary  ray  of^  64 

reflection  of,  55 

refraction  of,  58 

refraction,  double,  of,  64 

polarized,  64 

decomposition  of,  65 

calorific  rays  of,  66 

prismatic  colours  of,  65 

chemical  rays  of,  67 

magnetizing  rays  of,  67 

necessary  to  vegetation,  584 

terrestrial,  68 

sources  of^  68 
Lightning,  87 
Lignin,  539 
Lime,  or  quicklime,  311 

water,  milk,  and  hydrate  o^  Sll 

slaked,  311 

chloride  of,  313 

sulphate  of,  438 

sulphite  of,  443 


Lime,  nitrate  e^  446 

phosphates  of,  453 

arseniates  of;  458 

carbonate  of,  465 

double  carbonates  of,  467 

oxalate  of,  501 

aceUte  of,  504 

stone,  465 
Liniment,  volatile,  541 
Liquefaction,  36 
Liquids,  expansion  of,  by  heat,  18 

conducting  power  of^  8 
Liquor  sanguinis,  602 

silicum,  325 
Liquorice  root,  sugar  of,  535 
Litharge,  392 
Lithia,  or  lithion,  305 

sulphate  of,  438 

tesU  of,  306 
Lithates,  593 
Lithium  and  its  compounds,  305 

hydro-sulphuret  of^  472 

carbo-sulphuret  of,  473 

arsenio-persulphurets  of^  475 

raolybdo-sulphuret  of,  476 

hydrargo^loride  of,  478 
Litmus,  566 

paper,  644 
Liver  of  antimony,  378 

of  sulphur,  288,300 
Logwood,  566 
Luna  cornea,  402 
Lunar  caustic,  401,  447 
Lupulin,  571 
Lymph,  625 


Madder,  567 
Magnesia,  314 

tests  of,  315 

sulphate  of,  438 

nitrate  of,  446 

phosphates  of,  454 

carbonate  of,  465 

oxalate  of,  501 
Magnesia  n  limestone,  467,  640 
Magnesite,  465 
Magnesium  and  its  compounds,  314 

hydro-sulphuret  of,  472 

arsenio-persulphuret  of^  476 
Magnetic  iron  pyrites,  340 
Magnetism,  electro-,  116 
Magneto-electric  induction,  117 
Malachite,  466 
Malates,  507 
Maltha,  549 
Malting,  582 

IVf  anganesium,  or  roanganium,  ^7 
Manganese  and  its  eompoonds,  327 
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B{aii|;aiiese,  solphftto  «(  439 

alam,493 
Manna  and  mannite,  535 
Marble,  465 
Massicot,  399 
Margarine,  541,  598 
Matter,  physical  properties  ^^  1 

chemical  pr^ierties  o^  3 

iniluenoe  of  quantity  of,  over 
affinity,  139 
Meeonates,  514 
MeduUin,  571 
Melam,  663 
Melamine,  662 
Mellon,  662 
Membranes,  634 

permeability  of,  to  gases,  613 
Mercaptan,  661 
Mercaptum,  661 
Mercory  and  its  compounds,  395 

with  metals,  416 

iblminating  compound  of,  272 

sulphates  of,  440 

nitrates  of,  447 

carbonate  of,  466 

ozychloride  of,  482 

acetate  of,  505 
Metallic  combinations,  414 

bases  of  the  alkalies,  294 

bases  of  the  alkaline  earths,  306 

bases  of  the  earths,  315 
Metals,  279 

general  properties  of,  279 

alloys  of,  283,  414 

alkaline  or  alkaligenous,  292 

table  of  discovery  of,  280 

table  of  specific  gravity  of,  281 

malleability  of,  281 

ductility  of,  281 

crystallization  of,  282 

tenacity  of,  281 

hardness  of,  282 

structure  of,  282 

native  state  of,  283 

action  of  heat  on,  283 

action  of  electricitv  on,  284 

fusibility  of,  Uble'of,  282 

oxidation  of,  283 

reduction  of,  284 

compounds  of,  with 
chlorine,  285 
iodine,  286 
bromine,  286 
fluorine,  287 
sulphur,  287 
selenium,  289 
cyanogen,  289 
phosphorus,  291 
carbon,  292 
hydrogen,  392 


Metals,  dassificatioft  o(292 
Metaphoephates,  456 
Meteoric  stones,  334 
Myk,622 

sugar  oi^  593, 
Minderems,  spirit  of,  504 
Mineral  chameleon,  332 

green,  466 

yellow,  482 

Ur,549 

pitch,  549 
Minerals,  analysis  of,  639 
Mineral  waters,  analysis  of,  644 
Minium,  393 
Molasses,  535 
Molybdales,  370 

Molybdenum  and  its  compounds,  368 
Molybdo-sulphurets,  476 
Mordant,  563 
Morphia,  524 

salU  of,  526 
Mosaic  gold,  347 
Mother  of  pearl,  634 
Mucilage,  537 
Mucus,  625 
Mulberry  calculus,  501 
Multiples,  law  of,  137,  145 
Muriates,  467 

Muriatic  acid,  table  of  specific  gra- 
vity of,  214 
Muscle,  634 

converted  into  fat,  600 
Mustard,  oil  of,  543 
Mushrooms,  peculiar  substance  of, 

571 
Myrica  cerifera,  548 
Myricin,  548 

N 

Nails  of  animals,  634 
Naphtha,  252 

from  coal  tar,  253 
Naphthaline,  353 

chloride  of,  254 
Narcotina,  526 
Narceia,  528 
Natrium,  301 
Natron,  302 

Neutral  salts,  characters  of,  419 
Neutralization,  136 
Nickel  and  its  compounds,  350 

alloys  of,  417 

sulphate  of,  440 
Nicotine,  533 
Nitrates,  444 
Nitrites,  448 
Nitre,  445 

Nitric  oxide  gas,  176 
Nitrogen  gas,  166 

properties  of,  166 
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Nitrogen,  oxides  of,  167 

protoxide  of^  174 

binoxide  of^  176 

qnadrochloride,  219 

compounds  o£,  with  carbon,  364 
Nooth*B  apparatus,  188 
Nomendatore,  123 


Oil,  Dippel*8  animal,  597 

of  vitriol,  194 

of  wine,  559 

gas,  356 
Oils,  animal,  596 

fixed,  540 

drrinff,  or  siccative,  540 

volatite,  or  essential,  541 

vegetable,  539 
Ointments,  546 
Olefiant  gas,  347 
Oleine,  541,  598 
Olive  oil,  540 
01ivile,573 
Opium,  active  principle  of;  524 

tests  of,  526 
Organic  chemistry,  493 

substances,  character  of,  495 
Orpiment,  359 
Osmazome,  634 

Osmium  and  its  compounds,  411 
Osmio-chlorides,  481 
Oxalates,  500 

Oxamide,  or  oxalammide,  500 
Oxidation,  154 
Oxide,  cystic,  633 
zanthic,  633 
caseous,  623 
carbonic,  189 
Oxides,  what,  123,  284 

nomenclature  of,  123 
Oxidum     manganoso-manganicura, 

Oxidum  ferroso-ferricum,  337 
Oxygen,  153 

preparation  of,  153 

properties  of,  154 

necessary  to  respiration,  155 
Oxy hydrogen  blowpipe,  160 
Oi^moriate  of  lime,  313 
Oxiodine,  230 
Oxychlorides,  481 


Palladium  and  its  compounds,  409 
Palladio-chlorides,  480 
Panary  fermentation,  579 
Pancreatic  juice,  618 

58 


Paper,  test,  preparation  of,  644 

Papin*s  digester,  43 

Paraffine,251 

Paranaphthaline,  255 

Particles,  integrant  and  componantj  3 

Patent  yellow,  483 

Pearls,  634 

PearUBh,436 

Pectin,  539 

Pericardium,  liquor  oC,  635 

Perchlorates,  449 

Perspiration,  fluid  of,  627 

Petroleum,  549 

Petroline,  251 

Pewter,  417 

Phenecin,  565 

Phlogiston,  158 

Phocenine,  599 

Phosgene  gas,  223 

Phosphates,  450 

Phosphites,  301 

Phosphorescence,  69 

Phosphoric  ether,  555 

Phosphorus,  198 

its  combinations  with  oxygen,300 

with  hydrogen,  263 
chlorides  of,  ^1 
nituret  of,  663 
sulphuret  of,  379 
Canton's,  69,  313 
Baldwin's,  69 
Phosphurets,  metallic,  391 
Phosphuretted  hydrogen  gas,  363 
salts  of,  470 
chlorides  with,  483 
Photometer,  70 
Picamar,  551 
Picroroel,  619 
Picrotoxia,  533 
Pinchbeck,  417 
Piperin,  571 
Pitchblende,  379 
Pitch,  mineral,  549 
Pit-coal,  551 
PitUca),  551 
Plants,  growth  of,  583 
digestion  of,  584 
food  of,  585 
respiration  of,  583 
Plaster  of  Paris,  438 
Plasters,  546 

Platinum  and  its  compoupds,  406 
spongy,  480 

fhlmmatin^  powder  of,  409 
alloy  of,  with  arsemo,  417 
Platino-chlorides,  479 
Plesiomorphism,  433 
Plumbagin,  573 
Plumbago,  340 
PoUcnin,  571 
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Poljehraite,  567 

Popii]iii,574 

Potash  and  pearlaih,  462 

PoCaMi,296 

hydnto  of,  296 

■qafi,296 

tea,  296 

Magi;  297 

solphatoa  erf;  437 

8iilpluteo£;443 

nitnto  of,  445 

nitrite  oC  448 

chlorate,  ozymuriatev  or  hyper- 
Qnymoriate  of,  448 

iodatee  of,  449 

phoephatea  of,  453 

arseniales  of;  458 

araenite  of,  459 

chromatea  of.  459 

carboiiateaof,4€3 

on]ateaof,500 

aoetete  of;  503 

makte  i^,  507 

citrate  oi;  508 

tortratea  of,  509 

tartrate  of,  and  aoda,  510 

triple  pniaaiate  o^  487 
Potaaainm  and  ite  oompoanda,  294 

Bolphur-aalts  of,  470 

haloid  aalte  of,  456 

hydro^nlphuret  of,  471 

bydro-aolphocyanorei  of,  472 

carbo.aulpharet  of,  473 

araenio-pcrsiilpburetfl  of,  475 

molybdo-sulpharet  of,  476 
Potato,  Btarch  of,  536 
Precipitate,  red,  396 
Preaaare,  influence  of,  on  the  bulk  of 

ffaaes,  168 
Priam,  65 

Priamatic,  or  aolar  epectrum,  65 
Proof-apirit,  553 
Proportiona,  definite,  134 

combining,  136 
Proximate  analysis,  495 

principles,  495 

of  yegeUbles,  495 
of  animals,  587 
Prussian  or  Berlin  blue,  490 
Prusaiatea,  tide  Hydrocyanates. 
Pruaaiate,  triple,  of  potassa,  487 

of  mercury,  265 
Pulria  antimonidlia,  377 
Purple  powder  of  Caasius,  346,  405 
Purparatea,  594 
Pus,  626 
Putrefaction,  635 
PutreiactiTe  fermentetion,  580 
Pyrites,  iron,  339 

copper,  387 


Pyreaoetic  ethar,  562 
Pjrroxylic  apirit,  562 
Pyrometer  of  Daniell,  26 

Wedgwood*8,27 
Pyrophoma  of  Homberg,  442 
Pyrophaaphatea,455 


Qoantity,  ite  inflnenee  on  affinity,  132 
Qaercitron  bark,  567 
Quicklime,  311 
Quickailver,  395 

bom,  397 
Quins,  634 
Quinia,  or  tjiiinine,  529 

R 

Racematea,  512 
Radiation,  8 

Raya  of  heat,  an|^lea  of  incidence 
and  reflection  of,  10 

Inminona,  11 

non.lominooa,  8 
Raya  of  light,  55 

anglea  of  incidence  and  reflec- 
tion of;  55 

anglea  of  rafliaction  nf,  58 
Realgar,  358 
Red  lead,  993 

precipitate,  396 

dye8,566 

oxide  of  manganeae,  331 

oxide  of  copper,  388 
Reduction  of  metela,  284 
Rennet,  622 
Resin  of  copper,  389 
Resins,  546 

pB  from,  258 
Reapiration,  609 

of  plants,  584 
Retinasphaltum,  549 
Rhaponticin,  572 
Rhein,  572 

Rhodium  and  ite  compoonda,  410 
Rhodio-chlorides,  480 
Rhubarbarin,  572 
Rochelle  aalt,  510 
Rouge,  567 

S 

Saccharine  fermentetion,  576 
Saecharom  Saturni,  504 
Safetj.lamp,  Sir  H.  Davy*s,246 
improvement  of<,  by  Mcaara. 
Upton  and  Roberta,  247 
Safflower,  567 
Saffron,  567 
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Sago  and  nleptSS? 
Sal  ammoniac,  468 
Salicin,  574 
Salifiable  baae,  284 
SaUva,617 
Salivary  matter,  617 
Salt,  common,  302 

Seigoette  or  Rochelle,  510 

of  Borrel,  500 

microcosmio,  453 

of  Derosne,  526 

Glauber*a,4d7 

of  lemoDB,  500 

rock,  bay,  fishery,  and  stoved, 
302 

petre,  445 

spirit  of,  212 
Salts,  general  remarks  on,  419 

nomenclature  of,  123, 422 

classification  of,  422 

affinity  of,  for  water,  423 

crystallization  of,  424 

double  and  triple,  434 

deliquescent,  423 

watery  fiision  of,  423 

efilorescence  of,  423 

water  of  crystallization  o(  423 

decrepitation  of,  423 

plesiomorpbism  of^  433 

of  morphia,  526 

isomorpboas,  429 

ozy.,  433 

sulphates,  434 
double,  441 

sulphites,  443 

nitrates,  444 

nitrites,  448 

chlorates,  448 

perchlorates,  449 

iodates,  449 

bromates,  450 

phosphates,  450 

pyrophosphates,  455 

metaphosphate^  456 

arseniates,  456 

arsenites,  459 

chromates,  459 

of  chlorides,  460 

borates,  460 

carbonates,  461 
double,  467 

hydro-,  467 

of  phosphuretted  hydrogen,  470 

sulphur-,  470 

hydro-sulphurets,  471 

hydro-sulphocyanureta,  472 

carbo-Bulphurets,  473 

arsenio-sulphurets,  474 

molybdo-snlphureto,  476 

antimonio-sulphi^rets,  476 


Salts,  tungsto-sulphurets,  477 

haloid,  477 

hydrargo-chlorides,  478 

auro-chlorides,  478 

platino-chloridcs,  479 

palladio-chlorides,  480 

rhodio-chlorides,  480 

iridio-chlorides,  481 

oemio.chk)ride8,  481 

ozv-cblorides,  481 

chlorides  with  ammonia,  482 

chlorides  with   phosphuretted 
hydrogen,  482 

double  iodides,  483 

ozy-iodides,  484 

double  bromides,  484 

double  fluorides,  484 

boro-fluorides,  4)84 

silico-fluorides,  485 

titano-fluorides,  486 

ozy-fluorides,  486 

double-cyanurets,  486 

ferro-cyanurets,  486 

ferro-sesquicyanurets,  489 

zinco-cyanurets,  492 

cobalto-cyanurets,  492 

oxalates,  500 

acetates,  503 

lactates,  506 

kinates,  507 

maUtes,  507 

citrates,  508 

tartrates,  509 

benzoates,  513 

meconates,  514 

racemates,  512 

tannates,  516 

gallates,  517 

succinates,  518 

camphorates,  519 

igasurates,  520 
Sanguinaria  Canadensis,  533 
Saponin,  573 
Sarcocoll,  572 
Saxon  blue,  565 
Scale  of  equivalents,  141 
Scheele*8  green,  355,459 
Sea.water,  646 
Secreted  animal  fluids,  617 
Sealing-wax,  546 
SciUitin,  573 

Sediment  of  urine,  594,  630 
Seignette,  salt  of,  510 
Selenite,438 
Selenium,  206 

oxide  of^  207 

bisulpburet  of,  279 
Seleniuretted  hydrogen,  261 
Seleniurets,  metaUic,  289 
Seleniuret  of  phosphorus,  279 
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Scne^in,  573 
Serosity  and  serum,  604 
Serous  membranes,  fluid  of,  635 
Serum,  602,  604 
Shells,  634 

Silica  or  siliceous  earth,  324 
Silicates,  325 
.Silieated  alkali,  325 
Silicium  and  its  compounds,  323 
Silico-fluorides,  485 
Silicon,  323 
SiUcum,  liquor,  325 
Silk,  634 
Silver  and  its  compounds,  400 

fulminating  compound  of,  402 

glance,  402 

alloys  of;  418 

amdgamatifHi  of,  400 

sulphate  of,  440 

nitrate  of,  447 

phosphate  of,  454 

dipyrophoephate  of,  456 

arseniate  of,  458 

sranulated,  401 

horn,  402 
Sinapisin,  575 
Skin,  634 
Slaked  lime,  Sll 
Slag  formed  in  the  reduction  of  iron, 

334 
Smalt,  348 
Soap,  598 
Soda  or  natron,  302 

tests  of;  302 

chloride  of,  303 

sulphates  of,  437 

sulphite,  443 

nitrate  of^  446 

nitrite  of,  448 

perchlorate  of,  449 

phosphates  of,  452 

pyrophosphates  of,  455  ♦ 

metaphosphate  of,  456 

arbeniates  of,  458 

arsenite  of,  459 

biborate  o^  461 

carbonate  of,  464 

oxalate  of,  500 

acetate  of,  503 

malate  of,  507 

citrate  of,  508 

tartrate  of,  and  potassa,  510 

tartrate  of,  510 
Sodium,  or  natrium,  ftnd  its  com- 
pounds, 301 

chloride  of,  302 

hydro-sulphuret  of,  472 
Solania,  532 
Solar  rays,  65 
^ders,  417 


Solids,  expansion  of  by  he&t,  15 

liqueftction  of,  36 

conducting  power  of,  6 

specific  heat  of,  29 
Solution,  124 
Sorrel,  salt  of,  500 
Spar,  Iceland,  465 

fluor,  312 

heavy,  438 
Speci6c  gravity,  121 

heat,  29 
relation  of,  to  the  atomic 

weights,  35 
of  gases,  31 
Speculum  metal,  417 
Spectrum,  solar,  65 

calorific  rays  of  the,  66 
Spelter,  342 
Spermaceti,  600 

oil,  597 
Spirit,  proof,  553 

of  wine,  552 

pyroxylic,  562 

pyroacetic,  562 

of  Mindererus,  504 

of  hartshorn,  242 
Stannates,  346 
Starch,  536 
Starkey's  soap,  542 
Steam,  temperature  of,  43 

elasticity  of,  44 

latent  heat  o^  45 
Steam-engine,  principle  of,  44 
Stearine,  541, 597 
Steel,  341 

Indian  (wootz,)  418 

alloys  of,  418 
Stream  tin,  345 
Stibium,  374 
Strontia,  or  strontites,  309 

tests  of,  310 

sulphate  of,  438 

nitrate  of,  446 

nitrite  of,  448 

carbonate  of,  465 

acetate  of,  504 
Strontianite,  465 
Strontium  and  its  compounds,  309 

hydro-sulphuret  of;  472 

carbo-sulphuret  of,  473 
Strychnia,  530 
Suberin,  571 
Succinates,  518 
Suet,  597 
Sugar,  534 

of  lead,  504 

of  starch,  537 

of  grapes,  535 

of  liquorice,  535 

ofn)Uk,592 
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Sugar  of  diabetes,  4589 
Suffar-candj,  534 
SulphcMdiiapiBiii,  575 
Sulfihatoa,  434 

doable,  441 
Salphite8,443 
Sulpho-benxide,  663 
Sulphur,  191 

oxides  of,  193 

flowers  of;  191 

hydrate  of,  193 

chlorides  of,  331 
Sulphuris,  lac,  193 
Sulphur-adds,  470 
Solphurets,  metallic,  387 
Sulphuretted  hydrogen,  358 
Sulphuretted  sulphites,  197 
Sulphuric  ether,  554 
Sulphur,  balsam  of,  543 

salts,  470 

based,  470 
Sun,  heat  produced  bj  the,  66 
Supporters  of  combustion,  156 
Surturbrand,  551 
Sweat,  637 
Synthesis  defined,  4 


Tallow,  597 

Tannic  acid,  or  tannin,  514 

artificial,  formation  of,  516, 
Tanno-gelatin,  515 
Tantalum,  373 
Tantalite,  373 
Tapioca,  537 
Tar,  inflammable  principles  of,  549 

mineral,  549 
Tartar,  510 

cream  of,  510 

soluble,  509       ' 

emetic,  510 
Tartrates,  509 
Tears,  635 
Teeth,  634 

Telescope,  construction  of,  57 
Telluretted  hydrogen,  387 
Tellurium  and  its  compounds,  385 
Temperature,  what,  38 

equilibrium  of,  9 
Tenacity  of  metals,  381 
Tendons,  634 
Thermometer,  or  thermoscope,  33 

air,  33 

differential,  33 

formula  for  converting  the  ex- 
pression of  one  into  another, 

graduation  of,  35 
register,  37 


Thorina,  331 

tests  of,  831 
Thorium  and  its  compouiids,  331 
Tin  and  its  oompounds,  345 

alloys  of,  417 

ozychlorides  of,  481 

permuriate  of,  347 
Tincal,461 

Titanium  and  its  compovnds,  383 
Titano-fluorides,  486 
Tombac,  417 
Traubens&ure,  511 
Transfer,  galvanic,  101 
Train  oil,  597 
Treacle,  535 
Trona,464 
Trough,  galvanic,  93 
Tungsten  and  its  compounds,  371 
Tungstates,  373 
Tungsto-sulphurets,  477 
Turpeth  mineral,  440 
Turmeric,  567 

paper,  644 
Tumsol,  566 
Turpentine,  oil  of,  543 
Turkey  red,  567 
Type,  metal  for,  417 


Ulmin,  571 

Ultimate  analysis,  495 

Ultramarine,  303 

Uranium  and  its  compounds,  379 

Urates,  593 

Urea,  591 

Urine,  637 

of  the  boa  constrictor,  593 
Urinary  ooncretiona  or  calculi,  631 


Vacuum,  boiling  in,  43 

evaporation  in,  46 
Vanadium  and  its  compounds,  363 
Vaporization,  41 

cause  of,  41 
Vapour,  dilatation  of,  43 

density  of;  41 

elasticity  or  tension  of,  47 

latent  heat  of;  45 

presence  of,  in  gases,  50 

table  of  the  elastic  force  of,  44 
Varvicitc,  331 
Vegetable  acids,  497 

acids,  Uble  of,  497 

alkaUes,  533 
table  of,  534 
preparation  of;  534 

extract,  573 
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VegeUble  jelly,  538 

gluten  and  albomeD,  568 
ehemietry,  495 
subetaaoee,  494 
having  oxygen  and  hydro- 
gen in  the  aame  vatio  as  in 
water,  533 
olea^^inouB,  reeinouartAil  bitu- 
minous, 539 
Vegetation,  583 
Veratria,  531 
Verdigria,  505 
Verditer,  466 
VermilicMi,  399 
Vin^rar,  580 
VinouB  fermentation,  577 
Vision,  62 
Vital  air,  153 
Vitriol,  oU  of,  194 
bine,  440 
green,  439 
white,  439 
Volatile  alkali,  242 
liniment,  541 
Volta-electric  indnetion,  117 

electrometer,  106 
Volta'e  eudiometer,  637 
pile,  92 
theory,  94 
Voltaic  circles,  lawa  of  the  action  of, 

96 
Volumea,  theory  of,  144 
combining,  145 
table  o€  146 

W 

Water,  oompoeition  of,  161 
prepertiesoC  163 

Qspansion  of,  in  freezing,  19 
boiling  and  freezing  points  of,  25 
of  cry«taUiiation,  423 
rain,  snow,  epring,  woU,  and 

river,  644 
of  the  sea  and  the  Dead  Sea,  646 
Waters,  mineral,  644 

tables  of  composition  of,  648 
acidulous,  644 
alkaline,  645 « 


Waters,  chalybeate  and  sult^ureUed, 
645 

siliceous,  647 

saline,  645 
Wax,  548 
Welding,  334 
Wheat-flour,  536 
Whey,  622 
White  lead,  466 

copper,  41 7 
Wine,  quantity  of  alcohol  in,  554 

oil  of;  559 
Wires,  tenacity  of,  Uble  of,  282 
Wismuth,  382 
Witherite,  465 
Wood,  bituminous,  551 
Woody  fibrt,  539 
Wool,  634 
Wootz,418 


Xanthic  oxide  calculus,  633 

Y 

Yeast,  569 

Yellow,  mineral  or  patent,  482 

King's,  359 

chrome,  460 

dyes,  567 
Yttria  and  its  1 


Zanthopicrin,  572 

Za£iTe,348 

Zymome,  569 

Zine  and  its  compounds,  341 

blende,  343 

brown  and  blue  blaze  of,  342 

butter  of,  343 

alloys  of,  417 

amalgam  of,  416 

sulphate  of,  439 

acetate  of,  505 
Zmco-cyanurets,  492 
Zinetum,  341 
Zirconium  and  its  compounds,  322 


£RRATA. 

Pagre  107,  in  the  list  of  ne^rative  electrics,  insert  bromine  between  chlorine 

and  iodine. 
107,  in  the  list  of  positire  electrics,  insert  thorium  between  zirconium 

and  manganese. 
141,  equivalent  of  telluriam,  for  33.3  r^d  64.9,  being  the  number  ghren 

at  pase  385  as  more  correct 
212,  in  the  formula  for  chloral,  for  9C1  read  9C 
3^,  line  43,  for  Jaberg  read  Taberg. 
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